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ABSTRACT

The present study aimed to investigate the possible adverse effects of methyl eugenol (ME), a potent kairomone, and fenitrothion
insecticide that are used extensively in male annihilation programs worldwide during the management of fruit flies. Therefore, the
side effects of ME, fenitrothion (FEN) and their mix (ME4+FEN) were tested in a 28 days-inhalation study on white albino rats. Rats were
grouped and exposed to 1/20 LCs, of ME, FEN, and their mixture. Then hematological components, hepatic and renal parameters, and
oxidative stress enzymes were measured. Results revealed significant decrease effects on mean cell hemoglobin and mean cell hemo-
globin concentration (up to 18% decrease of control), red blood cell (28%), acetylcholinesterase (39%), and total lipids (36%) levels. On
the other hand, lactate dehydrogenase (increased to 29.5% of control), uric acid (109%), creatinine (140%), y-glutamyl transferase (159%),
and oxidative stress-related enzymes (glutathione peroxidase (149%), glutathione reductase (170%), glutathione-S-transferase (34%), and
superoxide dismutase (88%)) values were increased compared to results of control group. Adverse effects of ME, FEN, and their mixture
might trigger an alarm for farmers who directly or indirectly inhale these chemicals continuously in the field. More importantly, safe

alternatives to agricultural chemicals, including pesticides, should be enforced.
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Introduction

Worldwide and during pest management practices tons
of pesticides are being applied. According to FAOSTAT,
4,088,167.77 tons of pesticides were applied on agricul-
tural crops worldwide (FAOSTAT, 2019). Among these
pesticides, the pheromone and kairomones are used in
traps to deter or attract insects. This approach is coined as
environmentally-safe (Bhagat et al., 2013). The kairomones
such as methyl eugenol (ME) have been used extensively
in many male annihilation programs (Ghanim et al,
2010; Keng & Nishida, 2012). The ME, 3,4-dimethoxyal-
lylbenzene is the main constituent of many plant species
including basil, tarragon, fennel, marjoram, mace, allspice,
star anise, and anise (Keng & Nishida, 2012; NTP, 2000;
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Smith et al., 2002). Also, it is used as a synthetic flavoring
substance in non-alcoholic beverages, condiments, and
hard and soft candy (Smith et al., 2002). In agriculture, it
is used solely or in combination with the organophosphate
insecticides as an insect attractant (Benford et al., 2010;
IARC, 2013; Vargas et al., 2010).

Although ME was declared as generally safe (GRAS) by
the Food and Drug Administration as a food additive (NTP,
2000). Several studies described the adverse effects of the
alkoxyallylbenzenes group of chemicals including ME,
where it was reported as a DNA-reactive compound that
induces cancer (neoplastic lesions) in the livers of rodents
and mice (Burkey et al., 2000; Thompson et al., 1990;
Williams, 2010; Williams et al., 2008). It was reported
as cytotoxic to cultured hepatocytes isolated from rats
and mice via causing unscheduled DNA synthesis (UDS)
in both species in a dose-dependent manner (Burkey et
al., 2000; Martelli et al., 1994). Also, the glutathione-
S-transferase isozymes (GSTs) were inhibited by ME as
illustrated by studies on rats and humans (Rompelberg et
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al., 1996). After a 14-weeks study, liver and testis weight
were increased significantly when rats were given daily
doses from 300 to 1000 mg/kg of ME. Also, the authors
reported a decreased mean packed red cell volume and
increased platelet counts, alanine aminotransferase, and
sorbitol dehydrogenase activities after the administration
of ME (Luo & Guenthner 1995; Rompelberg et al. 1996).
In another 2-years study, ME induced a high incidence of
atrial thrombosis in female mice treated with 75 mg/kg or
higher doses (Yoshizawa et al., 2005).

Moreover, oral administration of ME induced eryth-
rocyte microcytosis and thrombocytosis, and caused an
increase in the activities of alanine aminotransferase
and sorbitol dehydrogenase and bile acid concentration
in male and female rats, suggesting hepatocellular injury,
cholestasis or altered hepatic function (Abdo et al.,
2001). Additionally, ME triggered hypoproteinemia and
hypoalbuminemia in both male and female rats. In mice,
itincreased incidences of adrenal gland cortical hypertro-
phy and/or cytoplasmic alteration in the submandibular
salivary glands, adrenal glands, testis, and uterus were
considered secondary to the chemical-related effects
observed in the liver and glandular stomach of rats (Abdo
et al., 2001). But it was reported that ME might elicit DNA
repair synthesis in cultured rat and mouse hepatocytes
(Burkey et al., 2000).

In parallel to the abovementioned, fenitrothion (FEN),
0,0-dimethyl-O-(3-methyl-4-nitrophenyl) phospho-
rothioate is an organophosphorus insecticide that is
widely used as a mixture with ME in traps to control the
Bactrocera insects (Ghanim et al., 2010; Keng & Nishida,
2012). Itisa broad-spectrum non-systemic insecticide with
high selective toxicity to insects compared to mammals
and moderate toxicity, with an oral LD, of 330 mg/kg,
to rats (Briggs, 1992; Védsquez-Castro et al., 2012). FEN is
being sprayed worldwide against a wide range of insects
on rice, cereals, fruits, vegetables, stored grains, cotton
and forests, and public health disease vectors (Wang et al.,
2012; WHO, 2010). Therefore, it might be considered as a
hazard compound to mammals (Khan et al., 1990). FEN
was reported to have lower toxicity to mammals relative
to insects because of the enhanced detoxification system
(NRCC, 1975). It’s well documented that FEN acts by
inhibiting the activity of the acetylcholinesterase enzyme,
which highlights acute neurotoxicity (Wang et al., 2012).
In addition, several studies reported toxicity of FEN to
mammals via different routes of administration with
alimited number of studies that investigated its inhalation
toxicity. For example, FEN at 6.7, 20, and 60 pg/1 of air for 2
hr/day for 30 consecutive days reduced body weight, food
intake, muscle fasciculations, erythrocyte content and
brain cholinesterase activity (Breckenridge et al., 1982).

When young Japanese children inhaled FEN at
0-44ng/kg/day, they suffered severe health effects
(Kawahara et al., 2005). In another study, it was reported
that single inhalation exposure of rats to 500 mg/m?3 of
FEN showed no serious pulmonary toxicity but minor
modifications of lung alveolar tissues (Chevalier et al.,
1984). Exposure of rabbits to fenitrothion as thermal
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fog at 10 1/ha for 30 days significantly reduced the body
weight (13.34%) but increased weights of liver, heart, and
lungs by 23.37, 20.23 and 14.76%, respectively and reduced
the activity of brain, blood, plasma, and erythrocytes
cholinesterases (Al-Sarar et al., 2011).

To the best of our knowledge, the inhalation toxicity of
the mixture of ME and FEN was not tested. Therefore, the
current study aimed to investigate the inhalation toxicity
of sublethal doses of methyl eugenol (1/20 LCjy), fenitro-
thion (1/20 LCj), and their mixture on hematology and
biochemical parameters of white albino rats after 28 days
of exposure.

Materials and methods

Chemicals

Fenitrothion, O,0-dimethyl-O-(4-nitrophenyl) phospho-
rothioate, (CAS 122-14-5, 99% purity) was obtained from
Supelco Analytical (USA). It was diluted in corn oil for
the final test concentration. Methyl eugenol (purity 99%)
was obtained from Ministry of Agriculture and Land
Reclamation, National Pesticides Committee, Egypt.
Acetylthiocholine iodide (ATChI; Sigma order #A5751-
250MG@G), 5,5-dithiobis-2-nitrobenzoic acid (DTNB-
Ellman’s reagent: Sigma order #D218200), brilliant
(Coomassie) blue G-250 (Sigma order #B0770-5G), and
bovine serum albumin (BSA: Sigma order #A2153-10G)
were provided from Sigma-Aldrich, USA.

Animals and treatments

Young, 60-days old, male white albino Sprague Dawley
rats (Rattus norvegicus) weighing 120+5 g were purchased
from the Animal Health Research Center, Cairo, Egypt.
Rats were housed in plastic cages in an animal room
maintained at 25+2°C and in an alternate 12 hr cycle of
light and darkness. They fed on a pellet diet and tap water
was provided ad libitum. After 2-week acclimatization
period, the rats were randomly divided into four groups (6
animals in each group): control (corn oil), FEN (0.25 mg/1
air: 1/20 LC;, inhalation (EPA, 1996)), ME (240 mg/1 air:
1/20 LC5 (Beroza et al., 1975)), and FEN+ME at 1:1 ratio.
The rats inhaled treatments for 28 days from chipboard
blocks (cotton rolls No. 2, medium-sized, with 6x2x2 cm
dimensions, Defend, MyDent International, Hauppauge,
NY, 11788, USA) that were impregnated by dipping in
corn oil, FEN, ME, and FEN+ME concentrations. Blocks
were hanged in 451 plastic cages using metal wire in a
way to avoid any direct contact with rats for 8 hr daily.
Cages of each group were separated completely from the
other groups. Rats in each group were anesthetized with
diethyl ether and sacrificed by decapitation at the end of
treatment. Initial and final body weights of individual rats
in each group were recorded to calculate relative weight
changes (Chapman et al., 1959). All rats were handled in
accordance with the standard guide for the care and use
of laboratory animals of the National Research Council
(NRCNA, 2011) and the animal ethics guidelines of
Damanhour University.



Hematological parameters

After killing rats, trunk blood was collected gently in
sterilized EDTA tubes containing an anticoagulant
(ethylenediamine tetra-acetic acid, EDTA) to give a final
concentration of 5mg EDTA/ml blood. Samples were
mixed gently and discarded if any clots were seen in the
vial. Total red blood cell (RBC) count (x106/ul), hemoglo-
bin (Hb) content (g/dl), hematocrit (HCT) value (%), mean
corpuscular volume (MCV; fl), mean cell hemoglobin
(MCH; pg), mean corpuscular hemoglobin concentra-
tion (MCHC) values (g/dl), total WBC count (x103/ul)
and platelet count (x103/ul) were assessed using Sysmex
KX-21 hematological analyzer (Sysmex KX21, Japan) in a
certified clinical laboratory.

Biochemical parameters

Blood samples were collected in test tubes without an
anticoagulant, allowed to clot at room temperature
for 15 min, and then centrifuged at 1390g (Universal
32R, Hettich Zentrifugen model D-78532, Germany)
for 10 min for serum separation. Serum was used for
the following assays. The AChE activity was quantified
following a modified method of Ellman et al. (Ellman
et al., 1961). Blood glucose (Trinder, 1969), uric acid
(Barham & Trinder, 1972), total protein (Gornall et al.,
1949), total lipids (Zollner & Kirsch, 1962), alkaline phos-
phatase (ALP) (Belfield & Goldberg, 1971), glutathione-
S-transferase (GST) (Habig et al., 1974), glutathione
peroxidase (GP) (Paglia & Valentine, 1967), glutathione
reduced (GR) (Beutler et al., 1963), superoxide dismutase
(SOD) (Nishikimi et al., 1972), and creatinine (Bartels
et al., 1972) were measured using BioDiagnostic kits
(Diagnostic research and Reagents, Giza, Egypt). Lactate
dehydrogenase (LDH) activity (Burtis et al., 2005) was
determined using BioSystems Kit (BioSystems S.A., Costa
Brava, Barcelona, Spain). Determination of y-glutamyl
transferase (GGT) activity was done using Spectrum Kit
(MDSS, GmbH, Schiffgraben, Germany) (Heersink et al.,
1980). The replicates were measured in triplicates.

Statistical analysis

Toxicological data were analyzed using the general linear
model (GLM) procedure of the Statistical Analysis System
(SAS) (Version 9.3, Cary, NC, USA, 2016). Means were
compared using Scheffe’s post-hoc Multiple Comparison
(p=<0.05) (SAS, 2016).
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Results and discussion

Mortality and relative bodyweight

During the study period, there was no mortality or severe
clinical signs of toxicity in treated rats. Body weight
changes were reported, and relative weights of internal
organs liver, kidney, heart, brain, spleen, lungs, and testes
were reported (Table 1). Weekly percentages of change
of body weight were significantly different between the
control group and treated groups. FEN, ME, and ME+FEN
showed an increased body weight compared to the con-
trol, but they had similar % of change. For the relative
organ weight, kidney and spleen had similar percentages
to the control group. The ME+FEN treatment increased
the liver relative weight compared to the other treatments.
The FEN reduced the heart and brain relative weights
compared to control, ME, and ME+FEN groups that
were similar. Lung relative weights were reduced after
treatments of ME+FEN, ME, and FEN compared to the
control. The ME significantly reduced the relative weights
of testes of treated rats compared to control, ME+FEN,
and FEN groups that had similar results.

Hematology
Application of pheromones mixed with insecticides
would reduce the amounts of pesticides that are required
to control plant pests and were coined as a safe approach.
The ME, an alkenylbenzene pheromone, is used as a
mixture with organophosphate insecticides in the anni-
hilation programs against fruit flies. Possible adverse
effects on hematological parameters of rats that inhaled
ME, FEN and their mix were reported herein. Results
in Table 2 showed that the numbers of white blood cells
(WBCs) were increased significantly in rats that inhaled
ME (mean WBC’s equal to 11.70x103/ul), FEN (15.22x103/
ul), and ME+FEN (15.35x103/pl) compared to the control
group (9.25x103/ul). Moreover, both FEN and FEN+ME
treatments revealed increased numbers of WBCs com-
pared to the ME group. Similarly, platelets numbers were
increased in blood samples of the three treated groups
of rats after the treatment with ME (667.8x103/ul), FEN
(677.3x103/pl), and ME+FEN (650.3x103/pl) compared to
control (452.5x103/ul), but they were not different from
each other.

On the other hand, numbers of red blood cells (RBCs),
hemoglobin (HGB), and hematocrit (HCT) values were

Table 1. Mean relative organ weights + SE of liver, lung, kidney, heart, brain, spleen, and testes of white albino rats inhaled methyl eugenol (ME), fenitro-

thion (FEN), and their mixture (ME+FEN) for 28 days.

% of Change/

Treatments Week Liver Kidney Heart Brain Spleen Lung Testes

Control 12.89¢£0.58 3.16b¢+0.14 0.742£0.06 0.392+0.05 0.722£0.05 0.263+0.05 0.863+0.08 1.152£0.10
FEN 19.053+0.82 3.593+0.16 0.762+0.07 0.330+0.02 0.620+0.04 0.263+0.04 0.73b+0.06 1.082+0.12
ME 15.273b+0.58 3.280+0.14 0.7234+0.06 0.392+0.05 0.772£0.05 0.28240.05 0.700¢+0.08 0.630+0.10
ME+FEN 15.162b+0.58 3.712£0.14 0.7834+0.06 0.382+0.05 0.722+0.05 0.302+0.05 0.67¢£0.08 1.172£0.10

n=6 rats, SE; standard error, means with the same superscript letter were not significantly different, p<0.05, % of body weight change/week = ((final body weight-initial body
weight)/ initial body weight)/no of weeks x 100, and relative organ weight = (organ weight/final body weight) x 100
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Table 2. Mean + SE values of total white blood cell (WBC) counts (x103/pl), platelets (PLT No.) number (x103/ul), total red blood cell (RBC) count (x106/l),
hemoglobin (HGB) content (g/dl), hematocrit (HCT) value (%), mean cell hemoglobin (MCH; pg), mean corpuscular hemoglobin concentration (MCHC) values
(g/dl), and mean corpuscular volume (MCV; fl) of white albino rats inhaled methyl eugenol (ME), fenitrothion (FEN), and their mixture (ME+FEN) for 28 days.

WBC PLT No. RBC

HGB

Treatments (x103/ul) (x103/l) (x106/ul) (g/dI) HCT (%) MCH (pg) MCHC (g/dI) MCV (fl)
Control 9.25¢+0.44 452.5b+31.52 5.092+0.23 13.052+0.32 35.432+0.80 26.022+1.34 36.992+1.66 70.492+4.81
ME 11704030 667842820 3784020 9524020 312004072 25304120  3059%+148 8355431
N 152204044 677343152 374bx023 785032  28750+080 21254134 27404166 7768481
MESFEN 15354044 650343152  396°£023 844032 200504080 213094134 202064166 7358481

Means were statistically compared using the Scheffe’s post-hoc multiple comparison method at p<0.05%. Means with the same superscript letter are not significantly differ-

ent. Each treatment was replicated 6 times and each replicate was measured 3 times.

Table 3. Mean + SE values of glucose, uric acid, creatinine, total protein, and total lipids contents and acetylcholinesterase (AChE; nM ATChl/min), alkaline
phosphatase (ALP), y-glutamyl transferase (y-GT), and lactate dehydrogenase (LDH) enzyme activities of serum of white albino rats inhaled methyl eugenol

(ME), fenitrothion (FEN), and their mixture (ME+FEN) for 28 days.

Treatments  AChE fr:'g‘/";l‘; "::‘i;‘/‘;:;’ C'Ef:;il';il‘)‘e T°t"2'g'/’:|‘|’)tei“ ALPUA)  y-GT(UN)  LDH(U/) T°(tr:'g"/id"|i)ds
Control 12294003 638152295 1694020 10740121  830°036 1844064590 645666672 13290941174  77020°41737
ME 09754003 1171354264 2426018 1380109 6056+032 2786554527 113250+601 1490541050  408.089+1553
FEN 0834003 149844205 35424020 2570121  5346£036  31369%£590 167054672 1720221174 500001737
MEHFEN 07504003 1499674295 3070020 1910£0121  6320£036 33696%:596 1340464672 1631241174 62374041737

Means were statistically compared using the Scheffe’s post-hoc multiple comparison method at p<0.05%. Means with the same superscript letter are not significantly differ-

ent. Each treatment was replicated 6 times and each replicate was measured 3 times

decreased relative to the control group (Table 2). In addi-
tion, inhalation of sub-lethal doses of FEN and ME+FEN
caused a reduction in mean corpuscular hemoglobin con-
centration (MCHC) compared to control. However, their
effects were not different from the ME group that was not
different from the control group. Results also revealed no
difference between treated groups and the control group
in the mean corpuscular hemoglobin (MCH) and mean
cell volume (MCV).

The results reported herein showed that exposure to
ME and fenitrothion as separate treatments or mixed
caused hematological adverse effects to rats. Inhalation of
ME, FEN, and ME+FEN significantly increased numbers
of WBCs and platelets but numbers of RBCs and HGB,
HCT, and MCHC values were decreased significantly
relative to the control group. In previous studies, ME
significantly reduced the size of RBCs (erythrocyte
microcytosis) and elevated numbers of platelets (throm-
bocytosis) in male and female rats (Abdo et al., 2001). In a
90-days study, rats fed ME daily at 18 mg/kg b.w. showed
a decrease in mean packed red cell volume and increased
platelet counts (Gardner et al., 1996; Luo & Guenthner,
1995; Rompelberg et al., 1996). Also hematocrit value,
WBCs, and lymphocytes percentages were increased
in blood samples of rats orally given FEN at % of LD,
(60mg/kg bw) for 12 days (Al-Sahhaf, 2006).

Effects on acetylcholinesterase (AChE)

The activity of acetylcholinesterase enzyme (AChE) was
depleted significantly after rats have been inhaling ME,
FEN, and ME+FEN (Table 3). Results showed a significant
reduction in the enzyme activity compared to the control
group, but it was not different from each other. Inhalation
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of ME, FEN, and ME+FEN reduced AChE activity by 21,
32, and 39% of the control, respectively (Figure 1). The
organophosphate insecticides are known as inhibitors of
acetylcholinesterase (Farghaly et al., 2010). In addition,
ME was reported in the current study as an inhibitor
of AChE. However, rare studies were conducted on the
inhalation of fenitrothion and/or methyl eugenol. Current
results might be compared to that of the study of exposure
of rabbits to thermal fogging of FEN at 10 1/ha for 30
days, which showed a significant reduction of cholines-
terase activity of brain, blood, plasma, and erythrocytes
(Al-Sarar et al., 2011). To highlight the suppressive effect
of FEN on AChE activity, some results of other studies
with different routes of administration were reported.
The oral doses between 2.5 and 10 mg/kg b.w. of FEN
for 30 days caused a decrease in tissue esterase activity
(Trottier et al., 1980). It was noticed that the hepatic
ChE was the most inhibited enzyme compared to other
esterases (Trottier et al., 1980). After a 13-week study,
administering oral doses of 30 mg/kg of FEN to male and
female rats inhibited the plasma, erythrocyte, and brain
ChE activity (Ecobichon et al., 1980; Yoshida et al., 1997).
Similar inhibition of plasma cholinesterase (ChE) after
administering of 1/30 and 1/60 LD5, of FEN doses to rats
for 28 days was reported (Elhalwagy et al., 2008).

Effects on glucose content

Glucose contents were increased significantly after the
treatment with ME, FEN, and ME+FEN compared to
control. The mean values were 63.81+2.95, 117.13+2.64,
149.84+2.95, and 149.96+2.95 mg/d], respectively (Table 3).
However, there was no difference between both FEN and
ME+FEN, but both treatments were significantly different
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Figure 1. Average percentages of increase or decrease of biochemical parameters of control group after the inhalation study for 28 days. Relative
decrease or increase from control = (Treatment Reading — Control Reading)/Control Reading) x 100

from ME. Glucose contents were severely increased by 84,
135, and 135% of control after rats have been inhaling ME,
FEN, and ME+FEN (Figure 1), respectively.

Effects on renal characteristics

Kidney functions were impaired as revealed by the ele-
vated levels of creatinine in serum (Table 3 and Figure 1).
Creatinine results were affected significantly by ME, FEN
treatments, and their mixture. Levels of creatinine were
1.07+£0.121, 1.38+0.109, 2.57+0.121, and 1.91+0.121 mg/
dl for control, ME, FEN, and ME+FEN, respectively. FEN
treatment showed the greatest increase in creatinine
followed by ME+FEN, while ME was not different from
the control. Creatinine levels were increased by ME,
FEN treatments, and their mixture by 29, 140, and 78%
of control, respectively (Figure 1). It was reported that
oral doses of FEN at % of LD5, (60mg/kg b.w.) for 12 d
increased cholesterol and creatinine causing renal dam-
age (Al-Sahhaf, 2006).

In addition, levels of uric acid were increased
from 1.69+0.20 (control) to 2.42+0.18, 3.54+0.20, and
3.07+0.20 mg/dl after ME, FEN, and ME+FEN treatments,
respectively (Table 3). The ME, FEN, and ME+FEN treat-
ments increased uric acid contents by 43, 109, and 78%
of control, respectively (Figure 1). The FEN treatment
increased uric acid content compared to control and ME
groups, which were not different from each other and ME
was not different from the mixture treatment (ME+FEN).
Yet, the effect of ME on uric acid was similar to that of
ME+FEN.

Effects on hepatic biochemical parameters

The liver was the most affected organ by repeated oral
administration of FEN (Trottier et al., 1980). As well, ME
caused tumors in liver cells of rats and mice (Burkey et al.,
2000; Thompson et al., 1990). Besides, ME was minimally
cytotoxic to hepatocytes isolated from rats and mice and
caused UDS in both species in a dose-dependent manner
(Burkey et al., 2000; Martelli et al., 1994). Current results
showed that total protein contents were significantly dif-
ferent between control and ME, FEN, and ME+FEN treat-
ments from 8.30+0.36 g/dl to 6.05+0.32, 5.34+0.36, and
6.32+0.36, respectively (Table 3). However, there were no
differences between ME, FEN, and ME+FEN inhalation
treatments. Total protein contents were decreased relative
to control by 36% as a result of FEN treatment (Figure 1).
Additionally, ME induced hypoproteinemia and hypoal-
buminemia evidenced by the decreased concentrations
of total protein in both male and female rats due to the
induced liver and glandular stomach toxicity (Abdo et al.,
2001).

Alkaline phosphatase (ALP) activity was increased sig-
nificantly after rats had inhaled ME, FEN, and ME+FEN
compared to the control group. Both FEN and ME+FEN
doses revealed elevated adverse effects on ALP compared
to ME. The ALP activity was increased significantly after
rats inhaled ME, FEN, and ME+FEN by 51, 70, and 83%
of control, respectively (Figure 1). y-Glutamyl transferase
(y-GT) activity values were 64.56+6.72, 113.25+6.01,
167.05+6.72, and 134.04+6.72 U/I for control, ME, FEN,
and ME+FEN, respectively (Table 3). All three treatments
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Figure 2. Mean + SE activity values of glutathione-S-transferase (GST; U/I), superoxide dismutase (SOD; U/ml), glutathione peroxidase (GP; nM
NADPH/min/ml), and glutathione reductase (GR; U/l) of serum of white albino rats inhaled methyl eugenol (ME), fenitrothion (FEN), and their
mixture (ME+FEN) for 28 days. Means were statistically compared using the Scheffe’s post-hoc multiple comparison method at P<0.05%. Columns
with the same superscript letter are not significantly different. Each treatment was replicated 6 times and each replicate was measured 3 times.

significantly increase y-GT activity compared to control.
Rats that inhaled FEN showed the greatest activity of
y-GT followed by ME and ME+FEN treatments.

Inhalation of ME, FEN, and ME+FEN significantly
decreased total lipid contents with mean values of 408.08,
500, and 623.74 mg/dl, respectively, compared to the con-
trol (770.20 mg/dl) (Table 3). The ME group showed the
least amount of total lipids followed by FEN and ME+FEN
groups. The ME, FEN, and ME+FEN treatments caused a
significant decrease in the total lipids content by 47.02,
35.08, and 19.02% of control, respectively (Figure 1). In
literature, it was reported that FEN, in a dose-dependent
manner from 5 to 20mg/100g, caused lipid accumulation
with the alteration of the ratio of various components of
phospholipids and neutral lipids in various organs of rats
(Roy et al., 2004). Lactate dehydrogenase (LDH) activ-
ity tended to increase after inhalation of ME, FEN, and
ME+EEN, but there was no significant difference between
treatments and control group (Table 3). The elevated activ-
ity of LDH by FEN could be due to cell lysis or membrane
damage and indicates significant pulmonary injury (Khan
et al., 1990), but the current study reported a tendency of
increase in the activity of LDH.

Effects on oxidative stress enzymes

Oxidative stress enzymes glutathione-S-transferase
(GST), glutathione peroxidases (GP), glutathione reduc-
tase (GR), and superoxide dismutase (SOD) activities were
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increased after the ME, FEN, ME+FEN treatments (Figure
2). FEN caused a significant increase in the GST activity
compared to ME and ME+FEN treatments that showed
similar effects but had greater GST activity compared to
the control group. Similarly, FEN insecticide caused the
greatest increase in GP activity (593.33 nM NADPH/min/
ml) and followed by ME+FEN (379.34) and ME (231.5)
treatments, respectively, compared to the control group
(238.2 nM NADPH/min/ml). The GR activity (U/l) was
significantly increased in the serum of rats that inhaled
FEN (57.28), ME+FEN (41.20), and ME (32.95) in an
ascending order compared to the control (21.10). In
addition, SOD activity (U/l) was increased significantly
after ME+FEN (216.35), ME (213.46), and FEN (194.72)
in ascending order but not different from each other. FEN
treatment tended to increase the SOD activity compared
to the control group but not significantly different.

It was noticed that the FEN insecticide caused the high-
est increase in GR activity where it was increased in the
serum of rats by 170% of control (Figure 1). Additionally,
the GP activity values were increased up to 150% of con-
trol. The SOD activity was increased significantly after
ME+FEN, ME, and FEN inhaling by 85, 69, 88% of control,
respectively. In previous studies, the GST isozymes in rat
and human samples were inhibited by ME (Rompelberg et
al., 1996). Fenitrothion was reported to has lower toxic-
ity to mammals relative to insects due to the enhanced
detoxification system through dealkylation by glutathione



dealkyltransferase (NRCNA, 2011). It was suggested that
GSH, GP, SOD, and GST play a key role in the defense
against induced oxidative stress in isolated hepatocytes
when incubated with FEN (El-Shenawy, 2010).

Conclusions

Annihilation systems as part of the integrated pest
management practices might cause inhalation toxicity
to farmers. The ME and FEN are used extensively in the
pheromone-baited traps in agricultural fields. Therefore,
the inhalation of ME, FEN, and their mix (ME+FEN)
might incite hematological and biochemical parameters
(AChE, glucose, lipids, hepatic, renal, and oxidative stress
enzymes) in rats. The studied parameters were altered
significantly compared to the control group. Significant
decreases in mean cell hemoglobin and mean cell hemo-
globin concentration, red blood cell, AChE, and total lipids
levels were reported. On the other hand, lactate dehydro-
genase, uric acid, creatinine, y-glutamyltransferase, and
oxidative stress-related enzymes (glutathione peroxidase,
glutathione reductase, glutathione-S-transferase, and
superoxide dismutase values were increased compared to
the results of the control group. Therefore, handling safe-
labeled chemicals should be carefully done.

Acknowledgments

The author would like to thank the staff members
of Pesticides Residue Analysis and Toxicity (PRATL)
Laboratory for granting access to perform various assays
required to complete this work.

REFERENCES

Abdo KM, Cunningham ML, Snell ML, Herbert RA, Travlos GS, Eldridge SR, Bu-
cher JR. (2001). 14-Week toxicity and cell proliferation of methyleugenol
administered by gavage to F344 rats and B6C3F1 mice. Food Chem Toxicol
39:303-316.

Al-Sahhaf Z. (2006). Toxicity of sumithion in albino rats: hematological and
biochemical studies. J Appl Sci 6: 2959-2962.

Al-Sarar AS, Hafiz AM, Bayoumi A, Hussein HI, Abo Bakr Y. (2011). Impact of
Fenitrothion Thermal Fogging on some Biological and Biochemical Param-
eters in New Zealand Rabbits as Non-target Organisms. Int J Agric Biol 13:
435-438.

Barham D, Trinder P. (1972). An improved colour reagent for the determina-
tion of blood glucose by the oxidase system. Analyst 97: 142-5.

Bartels H, BShmer M, Heierli C. (1972). Serum kreatininbestimmung ohne en-
teiweissen. Clin Chim Acta 37: 193-197.

Belfield A, Goldberg DM. (1971). Revised assay for serum phenyl phosphatase
activity using 4-amino-antipyrine. Enzyme 12: 561-73.

Benford D, Bolger PM, Carthew P, Coulet M, Dinovi M, Leblanc J-C, Renwick
AG, Setzer W, Schlatter J, Smith B, Slob W, Williams G, Wildemann T. (2010).
Application of the Margin of Exposure (MOE) approach to substances in
food that are genotoxic and carcinogenic. Food Chem Toxicol 48: S2-524.

Beroza M, Inscoe MN, Schwartz PH, Keplinger ML, Mastri CW. (1975). Acute
toxicity studies with insect attractants. Toxicol Appl Pharmacol 31: 421-429.

Beutler E, Duron O, Kelly BM. (1963). Improved method for the determination
of blood glutathione. J Lab Clin Med 61: 882-8.

Bhagat D, Samanta SK, Bhattacharya S. (2013). Efficient management of fruit
pests by pheromone nanogels. Sci Rep 3: 1-8.

Interdiscip Toxicol. 2020; Vol. 13(1):13-20
Full-text also available online on PubMed Central

Breckenridge C, Pesant M, Durham HD, Ecobichon DJ. (1982). A 30-Day Toxic-
ity study of inhaled fenitrothion in the albino rat. Toxicol Appl Pharmacol
62:32-43.

Briggs SA. (1992). Basic Guide to Pesticides; Their Characteristics and Hazards.
Hemisphere Publishing Crop., Washington, Philadelphia, London.

Burkey JL, Sauer J-M, McQueen CA, Sipes IG. (2000). Cytotoxicity and geno-
toxicity of methyleugenol and related congeners. A mechanism of activa-
tion for methyleugenol. Mutat Res 453: 25-33.

Burtis C, Ashwood E, Bruns D, Saunders W. (2005). Tietz Textbook of Clinical
Chemistry and Molecular Diagnostics, 4th ed, Elsevier Saunders, St. Louis,
Missouri.

Chapman D, Castillo R, Campbell J. (1959). Evaluation of protein in food de-
termination of protein and food efficiency ratio. Can J Biochem Physiol 37:
676-786. https://doi.org/10.1139/y59-074

Chevalier G, Hénin JP, Vannier H, Canevet C, C6té MG, Le Bouffant L. (1984).
Pulmonary toxicity of aerosolized oil-formulated fenitrothion in rats. Toxi-
col Appl Pharmacol 76: 349-55.

Ecobichon DJ, Comeau AM, Cameron PH. (1980). Chronic toxicity of technical
fenitrothion in male rats. Toxicol Appl Pharmacol 56: 409-417. https://doi.
0rg/10.1016/0041-008X(80)90075-7.

Elhalwagy ME, Darwish NS, Zaher EM. (2008). Prophylactic effect of green tea
polyphenols against liver and kidney injury induced by fenitrothion insec-
ticide. Pestic Biochem Physiol 91: 81-89.

Ellman GL, Courtney KD, Andres V, Featherstone RM. (1961). A new and rapid
colorimetric determination of acetylcholinestrase activity. Biochem Phar-
macol 7: 88-95.

El-Shenawy NS. (2010). Effects of insecticides fenitrothion, endosulfan and
abamectin on antioxidant parameters of isolated rat hepatocytes. Toxicol
In Vitr 24: 1148-1157..

EPA. (1996). Reregistration Eligibility Decision Fenitrothion. List A. Case # 0445.
Washington, USA. Available from: https:/archive.epa.gov/pesticides/re-
registration/web/pdf/0445.pdf

FAOSTAT. (2019). Pesticides Use. Available from: http://www.fao.org/faostat/
en/#compare.

Farghaly M, Taha H, Soliman S, Fathy U, Bedair A. (2010). Effect of refining pro-
cesses on magnitude and nature of fenitrothion and pirimiphos-methyl
residues in maize oil and bioavailability of their cake residues on rats. Egypt
JChem 53:923-938.

Gardner |, Bergin P, Stening P, Kenna JG, Caldwell J. (1996). Immunochemical
detection of covalently modified protein adducts in livers of rats treated
with methyleugenol. Chem Res Toxicol 9: 713-721. https://doi.org/10.1021/
TX950211V.

Ghanim N, Moustafa S, El-Metwally M, Afia Y, Salman M, Mostafa M. (2010). Ef-
ficiency of some insecticides in male annihilation technique of peach fruit
fly, Bactrocera zonata (Saunders) under Egyptian conditions. Egypt Acad J
Biol Sci F Toxicol Pest Control 2: 13-19.

Gornall AG, Bardawill CJ, David MM. (1949). Determination of serum proteins
by means of the biuret reaction. J Biol Chem 177:751-66.

Habig WH, Pabst MJ, Jakoby WB. (1974). Glutathione S-transferases the first
enzymatic step in mercapturic acid formation. J Biol Chem 249: 7130-7139.

Heersink W, Hafkenscheid JCM, Siepel H, Enjongekryg J Van der, Dijt CCM.
(1980). Temperature-converting factors for enzymes: Comparison of meth-
ods. Enzyme 25: 333-341.

IARC. (2013). Methyleugenol. In: Some chemicals present in industerial and
consumer products, food and drinking-water. IARC Monograph on the
Evaluation of Carcinogenic Risk to Humans, Volume 101. pp. 407-433.

Kawahara J, Horikoshi R, Yamaguchi T, Kumagai K, Yanagisawa Y. (2005). Air
pollution and young children’s inhalation exposure to organophosphorus
pesticide in an agricultural community in Japan. Environ Int 31: 1123-1132.

Keng H, Nishida R. (2012). Methyl eugenol: Its occurrence, distribution, and
role in nature, especially in relation to insect behavior and pollination. J In-
sect Sci 12:56.

Khan FM, Abidi P, Anwer J, Ray PK, Anand M. (1990). Pulmonary biochemical
assessment of fenitrothion toxicity in rats. Bull Environ Contam Toxicol 45:
598-603.

Luo G, Guenthner TM. (1995). Metabolism of allylbenzene 2',3"-oxide and es-
tragole 2,3-oxide in the isolated perfused rat liver. J Pharmacol Exp Ther
272:588-96.

Martelli A, Canonero R, Cavanna M, Ceradelli M, Marinari UM. (1994). Cyto-
toxic and genotoxic effects of five in primary cultures of rat and human he-
patocytes. Mutat Res Lett 323: 121-126.

Copyright © 2020 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.

19



20

Inhalation toxicity of methyleugenol and fenitrothion
Yehia M. M. Salim, Ismail R. EL-Gendy, Atef M. K. Nassar

Nishikimi M, Appaji Rao N, Yagi K. (1972). The occurrence of superoxide anion
in the reaction of reduced phenazine methosulfate and molecular oxygen.
Biochem Biophys Res Commun 46: 849-854.

NRCC. (1975). Fenitrothion: The effects of its use on environmental quality and its
chemistry. National Research Council of Canada, 162 pp, 14104 of the Envi-
ronmental Secretariat Volume 15.

NRCNA. (2011). Guide for the care and use of Laboratory Animals. National Re-
search Council of the National Academics. The National Academics Press,
Washington, DC.

NTP. (2000). National Toxicology Program. U.S. Environmental Protection
Agency and the National Institute of Environmental Health Sciences,
NIH. Available from: http://ntp-server.niehs.nih.gov/htdocs/liason/Low-
DoseWebPage.html

Paglia DE, Valentine WN. (1967). Studies on the quantitative and qualitative
characterization of erythrocyte glutathione peroxidase. J Lab Clin Med 70:
158-69.

Rompelberg CJ, Ploemen JHTM, Jespersen S, Greef J van der, Verhagen H,
Bladeren PJ van. (1996). Inhibition of rat, mouse, and human glutathione
S-transferase by eugenol and its oxidation products. Chem Biol Interact 99:
85-97.

Roy S, Roy S, Sharma CB. (2004). Fenitrothion-induced changes in lipids of
rats. Biomed Chromatogr 18: 648-654.

SAS. (2016). Statistical Analysis System. Version 9.3. SAS Institute Inc. Cary,
NC, USA

Smith RL, Adams TB, Doull J, Feron VJ, Goodman JI, Marnett LJ, Portoghese
PS, Waddell WJ, Wagner BM, Rogers AE, Caldwell J, Sipes IG. (2002). Safety
assessment of allylalkoxybenzene derivatives used as flavouring sub-
stances - methyl eugenol and estragole. Food Chem Toxicol 40: 851-870.

Thompson D, Constantin-Teodosiu D, Egestad B, Mickos H, Moldeus P. (1990).
Formation of glutathione conjugates during oxidation oxidation of euge-
nol by microsomal fractions of rat liver and lung. Biochem Pharmacol 39:
1587-1595.

ISSN: 1337-6853 (print version) | 1337-9569 (electronic version)

Trinder P. (1969). Determination of glucose in blood using glucose oxidase
with an alternative oxygen acceptor. Ann Clin Biochem 6: 24-27.

Trottier B, Fraser AR, Planet G, Ecobichon DJ. (1980). Subacute toxicity of
technical fenitrothion in male rats. Toxicol 17: 29-38.

Vargas RI, Shelly TE, Leblanc L, Pifiero JC. (2010). Recent advances in methyl
eugenol and cue-lure technologies for fruit fly detection, monitoring, and
control in hawaii. Vitam Horm 83: 575-595.

Vésquez-Castro JA, de Baptista GC, Gadanha CD, Trevizan LRP. (2012). Insecti-
cidal effect and residual action of fenitrothion and esfenvalerate on Sitoph-
ilus oryzae and S. zeamais (Coleoptera: Curculionidae) in stored maize and
wheat . ISRN Agron 2012: 1-11.

Wang D, Naito H, Nakajima T. (2012). The Toxicity of fenitrothion and perme-
thrin. In: Perveen, F. (Ed.), Insecticides - Pest Engineering. InTech, pp. 85-98.

WHO. (2010). WHO Specification and evaluation for public health pesticides.
Fenitrothion: 0,0-dimethyl O-4-nitro-m-tolyl phosphorothioate. Available
from: https://www.who.int/whopes/quality/Fenitrothion_specs_eval _
WHO_Jan_2010_ok.pdf

Williams GM, latropoulos MJ, Enzmann H, Deschl UF. (2008). Carcinogenic-
ity of Chemicals: Assessment and Human Extrapolation. In: Wallace Hayes,
A. (Ed.), Principles and Methods of Toxicology. Taylor and Francis, Philadel-
phia, pp. 1265-1316.

Williams GM. (2010). Chemicals with carcinogenic activity in rodent liver.
Compr Toxicol 9: 221-250.

Yoshida A, Harada T, Maita K. (1997). A safety study on rat’s eye after 13-week
oral administration with fenitrothion. J Toxicol Sci 22: 89-97.

Yoshizawa K, Kissling GE, Johnson JA, Clayton NP, Flagler ND, Nyska A. (2005).
Chemical-induced atrial thrombosis in ntp rodent studies. Toxicol Pathol
33:517-532.

Z6llner N, Kirsch K. (1962). Colorimetric method for determination of total
lipids. J Exp Med 135: 545-55.



