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Abstract

As an abundant source of antioxidants and diet flavor enhancers, the plant essential oils can have positive effects on fish growth, and
resistance against environmental stressors. In this study, garden thyme (Thymus vulgaris) essential oil (TEO) was used in the diet of rain-
bow trout, Oncorhynchus mykiss, to evaluate its protective effect against malathion pesticide exposure. Tested fish (19.99+0.01 g) were
divided into six groups (three replicates), namely: T1: control diet; T2: control diet + 0.025 mg L' malathion; T3: control diet + 0.075 mg
L' malathion; T4: control diet + 1% TEO; T5: control diet + 0.025 mg L' malathion + 1% TEO and T6: control diet + 0.075 mg L' mala-
thion + 1% TEO. After 21 days, T4 fish had the highest final body weight (FW), weight gain (WG), specific growth rate (SGR), and the
lowest feed conversion ratio (FCR) among experimental treatments (P<0.05). The blood parameters including the red blood cells (RBC),
white blood cell count (WBC), hematocrit (Hct), and hemoglobin (Hb) values were the highest in T4 treatment, displaying a significant
difference with T1 treatment (P<0.05). Fish in the T4 groups had the highest total protein (TP) and albumin (ALB), while fish of T3
showed the lowest levels of these parameters (P<0.05) and also had the highest level of triglycerides (TRG), cholesterol (CHOL), lactate
dehydrogenase (LDH), and urea (Ur). Alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase
(ALP) enzymes recorded the lowest levels in T4 treatment, which showed a significant difference with T1 group. The catalase (CAT)
and superoxide dismutase (SOD) showed the highest activities in T4 treatment, while the lowest SOD and the highest malondialdehyde
(MDA) levels occurred in T3 group (P<0.05). Total immunoglobulin (total Ig) level, alternative complement (ACH, ) and lysozyme in the
serum and skin mucus of T4 treatment of rainbow trout showed the highest activities with a significant difference from groups (P<0.05).
From the results of the present study, it can be concluded that 1% of 7. vulgaris as a supplement to the diet of rainbow trout can stimulate
and improve the immune system of the fish. TEO can have a protective effect against unfavorable effects of malathion and improves the
growth of the fish.
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Among different classes of pesticides, organophos-
phorus insecticides account for a large share in developing

The rapid growth of human population leads to more
demands for food and consequently impels the human

race towards the increase of agricultural production. To
increase production and income and to overcome the ver-
min that cause damage to crops, farmers use pesticides
which can be in the form of insecticides or herbicides.
When used in excess, organophosphorus pesticides can
enter the environment and harm non-target organisms
including humans (Hedayati et al., 2015; Kadiru et al.,
2022; Santana et al., 2022). Also, these types of residues
may enter the aquatic ecosystems by surface runoff pol-
luting the aquatic environment. Ali et al. (2021) indicated
that the aquatic environment is threatened by the excess
use of synthetic pesticides.

countries (Kumar et al., 2010; Fu et al., 2022). Although
organophosphorus pesticides have a low toxicity level
for mammals and rapidly biodegrade in the environment,
they can be highly toxic to fish and other aquatic organ-
isms (Singh et al., 2009; Kumar et al., 2021). Malathion
is an organophosphorus pesticide that is widely used for
insect control and agricultural purposes (Shayeghi et al.,
2001; Shahbazi Naserabad et al., 2015; de Souza et al.,
2021; Vasseghian et al., 2022). Malathion enters the sur-
face waters and accumulates in the aquatic animals (Gao
etal., 2009). The bioconcentration factor values for some
fish species have been reported (Howard, 1991; Deka
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and Mahanta, 2016). Upon entering an organism’s body,
malathion binds to acetylcholinesterase enzyme (AChE)
at the end of the nerve system, thus over-stimulating the
nervous system (Bilal et al., 2022). Reduction of antioxi-
dant defense capacity due to oxidative stress and increase
in lipid peroxidation (Abdel-Salam et al., 2016) are other
proposed mechanisms for malathion toxicity. Several
studies have reported the adverse effects of malathion
on fish (Yonar et al., 2014; Shahbazi Naserabad et al.,
2015; Bharti and Rasool, 2021; de Souza et al., 2021).
A decrease in antioxidant defense mechanism due to mal-
athion toxicity has also been reported for some fish spe-
cies (Patil and David, 2013; Topal et al., 2015; de Souza
et al., 2020).

Plants contain phenolic compounds as secondary me-
tabolites with antioxidant power which help in omitting
the free radicals (Huang, 2010; Mohammadi et al., 2020;
Rudiansyah et al., 2022; Yousefi et al., 2022). Accom-
plished investigations indicate the ability of plant sup-
plementary and their derivatives to reduce the negative
effects of contaminants on fish (Al-Shawi et al., 2022;
Dawood et al., 2020). In fact, these investigations show
the potential of plant essential oil and extracts to ame-
liorate the biochemical changes in the blood and liver
as well as antioxidant and immune of the fish which are
exposed to pollutants and contaminations (Hoseini et al.,
2018; Mirghaed et al., 2019; Fazelan et al., 2020; Ho-
seini et al., 2020; Rudiansyah et al., 2022). Therefore, it
is important to use the natural antioxidants as nutritional
supplements to encounter the effect of stresses on fish
(Dawood et al., 2020; Omidifar et al., 2021).

Thymus vulgaris is a species of the mint family with
strong antioxidant properties (Grigore, 2010; Aldosary et
al., 2021; Yousefi et al., 2021) and phenolic compounds
including carvacrol and thymol (Bagamboula et al.,
2004; Parsaei et al., 2016; Ghafarifarsani et al., 2021 a,
2022 a, b, ¢). Rehman et al. (2006) suggested that any
interruption in oxidant/antioxidant balance negatively af-
fects an animal’s health status.

Therefore, according to the stated information, the
importance of rainbow trout all over the world on one
hand, and as a source of energy and food, and extended
uses of organophosphorus poisons, especially malathion,
in the field of agriculture and its development, and the
confluence of rivers — the place for nurturing rainbow
trout in the vicinity of gardens and fields. Other results
of previous studies showed the damage of toxins, espe-
cially malathion poison, to aquatic organisms of fishes
and mortality, damage and economic losses caused by it.
It was necessary to seek to reduce the stress caused by
the presence and exposure of fish to this poison, and now,
considering the characteristic features of garden thyme,
this path was chosen for this study.

Therefore, we evaluated the influence of antioxidant
efficiency of garden thyme (Thymus vulgaris) essential
oil (TEO) as a potential protection measurement against
malathion pesticide toxicity in rainbow trout (Oncorhyn-
chus mykiss).

Material and methods

Experimental fish and design

Prior to the experiment, 450 rainbow trout juveniles
were acclimatized to the experimental conditions for two
weeks. During this period, water was constantly aerat-
ed and fish were fed twice a day with a basal feed from
Faradaneh Co., Shahrekord, Iran (Table 1). The behavior
and swimming pattern of the fish were checked daily. No
mortality and disease were seen during the acclimatiza-
tion period. After the acclimation period and initial bi-
ometry, 360 fish (average weight of 19.99+0.01 g; Mean
+ SE) were distributed between five treatments and
a control (all in triplicate) in a manner that there was no
significant difference between the biomass of each tank.
Twenty fish were put into each fiberglass tank (150 L)
containing 120 L of freshwater.

Table 1. Biochemical composition of the basal feed

Ingredients Percentage
Crude protein 41
Crude lipid 12
Crude fiber 3
Ash 9
Moisture 7
Phosphorus 1.25

Table 2. Chemical specifications of essential oil of Thymus vulgaris
(Maleki Commercial Co., Fars, Iran)

Compound name Percentage

Thymol 37-55
Carvacrol 0.5-5.5
p-Cymene 14-28
y-Terpinene 4-12

Linalol 1.5-6.5
B-Myrcene 1-3

a-Terpinene 0.9-2.6

Treatments included: T1: control or basal diet, T2:
control diet + 0.025 mg L' malathion, T3: control diet +
0.075 mg L' malathion, T4: control diet + 1% TEO, T5:
control diet + 0.025 mg L' malathion + 1% TEO, T6:
control diet + 0.075 mg L' malathion + 1% TEO.

TEO was purchased from Maleki Commercial Co.,
Fars, Iran (Table 2). To prepare the experimental diets,
the basal feed was supplemented with 1% TEO sprayed
over an appropriate weight of the feed. No essential oil
was added to the control diet. All the feeds were then
coated with 1% bovine gelatin solution, air-dried at room
temperature, and stored at 4°C.

Malathion (57% EC) was purchased from an agricul-
tural store. Two sub-lethal doses of malathion (0.025 and
0.075 mg L"), selected based on the previous studies on
rainbow trout (Ghafari Farsani et al., 2016; Poorbagher et
al., 2018), were added to the water of the intended treat-
ments.
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During the experiment, physico-chemical parameters
of water including temperature (16+1.2°C) (by a ther-
mometer, ZEAL, UK), dissolved oxygen (7.7 mg L)
(by portable oxygen meter: Oxyguard Polaris Dissolved
Oxygen Meter, Dynamic Aqua Supply Ltd, Canada) and
pH (7.8+0.5) (by portable pH meter, Model AE-PH501)
were measured and kept constant. The photoperiod was
12:12 h (dark: light) during the experiment. Experimen-
tal fish were fed twice a day at a rate of 3% of the body
weight (Akrami et al., 2012) for 21 days. To remove the
feces and uneaten feed, 50% of the tank water was re-
newed every day and malathion concentrations were set
according to the treatments (Kaya et al., 2015).

Growth parameters
Sampling was done after 21 days. All the fish from
each tank were collected, anesthetized using 200 mg L!
(2-3 minutes) clove powders) Hajirezaee et al., 2020;
Hedayati et al., 2019) and weighed. Growth parameters
were calculated as follows:
Weight gain (WG) (g) = mean initial weight — mean
final weight
Specific growth rate (SGR) (% d™') = ({In final wt(g) —
In initial wt(g)} / days of study) x 100
Feed conversion rate (FCR) = total feed given (g) /
weight gain (g)
Survival rate (SR) (%) = (final fish count / initial fish
count) x 100

Hematological parameters

From each tank, 3 fish were randomly selected and
using 2 ml syringes, 1.5 cc of blood was taken from the
caudal vein of each fish. To measure the hematological
parameters, blood was centrifuged at 2000 rpm for 15
minutes. The percentage of hematocrit (Hct) was deter-
mined by the microhematocrit method. The measurement
of hemoglobin (Hb) was accomplished by the manual
method of cyan-meth hemoglobin which read at 540 nm
wavelength. WBC and RBC were counted by means of
a hemocytometer slide after diluting the blood. Other
hematological parameters including mean corpuscular
hemoglobin (MCH), mean concentration of corpuscu-
lar hemoglobin (MCHC), and mean corpuscular volume
(MCV) were determined by the below-listed formula
(Ciesla, 2018):

MCHC= Hbx10/Hct; MCV= Hct*x10/RBC (million),
MCH= Hb*10/RBC (million)

Biochemical parameters

To obtain sera, blood taken from the caudal vein was
centrifuged for 15 minutes at 2000 rpm. The values of
biochemical parameters including total protein (TP), al-
bumin (ALB), cholesterol (CHOL), triglyceride (TRG),
glucose (GLU), serum urea (Ur) and creatinine (CRT),
alkaline phosphatase (ALP), aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) were im-
mediately obtained by using chemistry analyzer system

(Roche Hitachi 911, Tokyo, Japan) and Pars Azmun
kits (Pars Azmun Co, Tehran, Iran). The serum cortisol
(CORT) level was measured by using a commercial ELI-
SA kit (ZellBio, Germany), as well as superoxide dis-
mutase (SOD), glutathione peroxidase (GPx), catalase
(CAT), and malondialdehyde (MDA) levels were measu-
red by using Zellbio kits (Zellbio®, Berlin, Germany) fol-
lowing manufacturer protocols. Serum globulin (GLO)
was expressed as the difference between serum TP and
ALB (Mohammadi et al., 2020; Rudiansyah et al., 2022).

Immunological parameters

From each tank, five fish were selected to collect their
skin mucus (Ross et al., 2000). After cleaning the fish
with 50 mM NacCl solution, they were kept in polyethy-
lene bags containing 10 mL NaCl and by rubbing fish’s
body, their mucus was collected. Collected mucus was
transferred to falcon tubes and diluted with 10 mmol
phosphate buffered saline (PBS) (pH 7.5, containing 115
mmol sodium) before centrifugation. Supernatants were
separated and stored at —20°C for further assessment (Ho-
seinifar et al., 2014). In the collected mucus/serum, ly-
sozyme activity was measured by lyophilized Micrococ-
cus luteus (Ellis, 1990). Total immunoglobulin (total Ig)
of the mucus/serum was quantified using polyethylene
glycol (Siwicki, 1993). The alternative complement acti-
vity (ACH,,) was measured by calculating the amount of
the mucus that induces 50% hemolysis of the rabbit red
blood cells (RaRBC) (Yano, 1992: Ortuno et al, 2001).
The activity of alkaline phosphatase (ALP) in the mu-
cus samples was quantified using a commercial assay kit
(Sigma-Aldrich Co., USA). Nitroblue tetrazolium (NBT)
reduction test was to determine respiratory burst activity
in blood samples. Briefly, 100 pl of heparinized blood
and 100 pl of 0.2% NBT solution were mixed and incu-
bated for 30 min. 100 pl of the mixture was mixed with
2 ml of N, N-dimethylformamide and centrifuged at
3000 x g for 6 min and the adsorption was read at 630 nm
(Anderson and Siwicki, 1994).

Statistical analysis

The test plan was based on a completely random de-
sign. The data was analyzed by SPSS software (version
21.0, IBM Statistics, USA). After confirmation of nor-
mality (Shapiro—Wilk test), two-way ANOVA analysis
of variance and Tukey’s test were run to detect the sig-
nificant differences among the treatments at a 95% con-
fidential level. All the data was presented as Mean = SE
(Standard error). The P-value of <0.05 was considered
statistically significant.

Results

Growth performance

Table 3 indicates growth parameters of the fish at the
end of study. The two-way ANOVA results indicated that,
except FCR (P<0.05), the interaction of dietary TEO and
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malathion did not significantly affect the other growth
parameters of the experimental groups. The highest WG,
SGR, and survival, and the lowest FCR were observed
in T4 which received TEO supplementary diet with sig-
nificant differences to other groups (P<0.05). In con-
trast, the lowest growth parameters including the lowest
SR (P>0.05) belonged to the T3 groups with malathion
alone.

Hematological parameters
Hematological values of different groups are given
in Table 4. The highest and lowest RBC, WBC, and Hct

were noticed in the T4 treatment which received TEO
alone. The lowest counts of RBC and WBC belonged
to the T2 groups, while Hct percentage was lower in T3
group (Table 4). The Hb value of T4 was significantly
higher than other groups (P<0.05), but no significant
differences were observed between Hb value of other
treatments. The levels of MCHC, MCH, and MCV were
statistically similar among treatments (P>0.05). Interac-
tion effects of TEO and malathion exposure were found
on Hb and MCHC (P<0.05) but no significant effect was
seen in the interaction of TEO and malathion on RBC,
WBC, Hct and MCH (Table 4).

Table 3. Effects of dietary thyme essential oil administration and malathion exposure on growth parameters (mean + SE) of Oncorhynchus

mykiss

Mataion | 180 | W A W sar ror ®
0 0 19.91+0.01 a 30.67+0.27 b 10.76+0.27 ab 0.71£0.01 ab 1.3840.00 ¢ 96.33+0.33 b
0.025 0 20.03+0.04 a 27.03+0.59 cd 6.99+0.57 cd 0.49+0.03 cd 1.49+0.00 b 94.00+0.57 ¢
0.075 0 20.01+0.04 a 25.89+0.72 d 5.87+0.67 d 0.42+0.04 d 1.53+0.00 a 91.66+0.66 d
0 1 20.02+0.04 a 33.00+0.78 a 12.97+0.47 a 0.83+0.02 a 1.23+£0.01 d 100.00+0.00 a
0.025 1 19.97+£0.02 a 28.62+0.29 be 8.64+0.30 be 0.59+0.01 be 1.40+0.00 ¢ 96.00+0.57 be
0.075 1 19.99+0.07 a 26.79+0.39 cd 6.80+0.43 cd 0.48+0.02 cd 1.46+0.00 b 94.33+0.33 be
Two-way ANOVA (P-value)
malathion 0.734 0.000 0.000 0.000 0.000 0.000
TEO 0.839 0.002 0.001 0.002 0.000 0.000
malathion x TEO 0.189 0.374 0.426 0.643 0.001 0.245

‘IW: Initial weight; FW: Final weight; WG: Weight gain; SGR: Specific growth rate; FCR: Feed conversion ratio; SR: Survival rate. Different letters
(a—d) in the same row indicate significant differences (P<0.05). T1: control diet; T2: control diet + 0.025 mg L' malathion; T3: control diet + 0.075 mg L'
malathion; T4: control diet + 1% TEO; T5: control diet + 0.025 mg L' malathion + 1% TEO; T6: control diet + 0.075 mg L' malathion + 1% TEO.

Table 4. Effects of dietary thyme essential oil administration and malathion exposure on hematology parameters (mean + SE) in the blood of
Oncorhynchus mykiss

Malathion TEO RBC WBC Hct Hb MCHC MCH MCV
(% 10%/ul) (x 10%/ul) (%) (g/dl) (g/dl) (pg/cell) (nm?)

0 0 1.09+£0.02ab  3.27+0.04b  31.66+0.79 ab 7.48+0.20b  23.6740.86a  68.40+3.31a 289.18+11.81a
0.025 0 1.03+£0.03 b 3.11#0.01 ¢ 30.13+0.20bed ~ 7.60£0.31b  2521+0.95a  74.11£5.08a 293.23+9.81 a
0.075 0 1.10+0.02 ab  3.24+0.02bc  28.60+0.26 d 7.05£0.13b  24.67£0.69a  63.95+1.29a 259.52+7.59 a
0 1 1.20+0.01 a 3.43+0.02a  32.40+0.32 a 8.76+0.18a  27.05+0.42a  73.12#2.57a 270.14+5.53 a
0.025 1 1.12+0.01 ab ~ 3.1940.01 bc  30.76+0.31 abc ~ 7.38+0.20b  24.02£0.91 a 66.00+2.49a 274.78+4.08 a
0.075 1 1.15+£0.01 a 3.29+0.02b  29.73£0.20 cd 7.56+£0.16b  25.42+0.39a  65.78+2.11a 258.63+4.36a
Two-way ANOVA (P-value)
malathion 0.020 0.000 0.000 0.005 0.618 0.150 0.016
TEO 0.001 0.001 0.027 0.010 0.132 0.837 0.065
malathion x TEO 0.451 0.171 0.812 0.014 0.030 0.130 0.437

"RBC: Red blood cell; WBC: White blood count; Het: Hematocrit; Hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; MCH: Mean
corpuscular hemoglobin; MCV: Mean corpuscular volume. Different letters (a—d) in the same row indicate significant differences (P<0.05). T1: control diet;
T2: control diet + 0.025 mg L' malathion; T3: control diet + 0.075 mg L' malathion; T4: control diet + 1% TEO; T5: control diet + 0.025 mg L' malathion

+ 1% TEO; T6: control diet + 0.075 mg L' malathion + 1% TEO.
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Table 6. Effects of dietary thyme essential oil administration and malathion exposure on antioxidant indices (mean + SE) in the blood serum of

Oncorhynchus mykiss
Malathion TEO (S/AmTl) (lSJ(/)nll)l) (Sf)mxl) MDA (nmol/ml)

0 0 45.46+0.85 b 35.94+0.81 ¢ 69.22+1.17 b 0.63+0.005 ¢
0.025 0 40.71£0.97 cd 38.55+0.80 be 63.68+0.73 cd 0.70+£0.014 b
0.075 0 35.87+0.81 ¢ 31.63+£0.83 d 60.47+1.26 d 0.83+0.012 a
0 1 51.94+0.80 a 46.14+0.82 a 74.68+1.27 a 0.39+£0.007 e
0.025 1 41.96+0.84 be 40.31+0.60 b 66.27+0.90 be 0.56+0.009 d
0.075 1 37.01+0.64 de 35.35+0.76 ¢ 64.24+0.85 bed 0.69+0.008 b
Two-way ANOVA (P-value)

malathion 0.000 0.000 0.000 0.000
TEO 0.001 0.000 0.001 0.000
malathion x TEO 0.11 0.000 0.418 0.001

"SOD: Superoxide dismutase; CAT: Catalase; GPx: Glutathione peroxidase; MDA: Malondialdehyde. Different letters (a—d) in the same row indicate
significant differences (P<0.05). T1: control diet; T2: control diet + 0.025 mg L' malathion; T3: control diet + 0.075 mg L' malathion; T4: control diet + 1%
TEO; T5: control diet + 0.025 mg L' malathion + 1% TEO; T6: control diet + 0.075 mg L' malathion + 1% TEO.

Table 7. Effects of dietary thyme essential oil administration and malathion exposure on liver enzymes (mean + SE) in the blood serum of

Oncorhynchus mykiss

Malathion TEO ALT (U/ml) AST (U/ml) ALP (U/ml)
0 0 11.81+0.52 be 16.04+0.31 ¢ 27.04+0.83 be
0.025 0 13.16+0.26 ab 18.17+0.34 b 25.50+0.50 ¢
0.075 0 14.36+0.58 a 20.14+0.31 a 29.80+0.57 ab
0 1 10.63+0.3 1¢ 15.75+0.39 ¢ 25.51+0.65 ¢
0.025 1 12.80+0.37 ab 16.21+0.41 ¢ 27.31£0.25 be
0.075 1 13.55+0.28 ab 18.05+0.25b 30.74+0.72 a
Two-way ANOVA (P-value)
malathion 0.000 0.000 0.000
TEO 0.036 0.000 0.436
malathion x TEO 0.619 0.042 0.50

*ALT: Alanine aminotransferase; AST: Aspartate transaminase; ALP: Alkaline phosphatase. Different letters (a—d) in the same row indicate significant
differences (P<0.05). T1: control diet; T2: control diet + 0.025 mg L' malathion; T3: control diet + 0.075 mg L' malathion; T4: control diet + 1% TEO; T5:
control diet + 0.025 mg L' malathion + 1% TEO; T6: control diet + 0.075 mg L' malathion + 1% TEO.

Biochemical parameters

The serum biochemical parameters of the fish were
presented in Table 5. A significant interaction between
TEO dietary and malathion exposure was seen in TP,
GLO, CHOL, CORT and CRT (P<0.05). No significant
difference was seen in the interaction for ALB, TRG,
GLU, UR and LDH (Table 5). With a higher amount
of TP, GLO, ALB, and lower amount of TRG, CHOL,
GLU, CORT, CRT, Ur, and LDH, T4 treatments showed
the best results among the treatment groups. The worst
biochemical values were significantly noted in the serum
of the fish in T3 treatment. Antioxidant biomarkers study
also revealed significantly high levels of CAT, SOD, and
GPx and low level of MDA in the serum of the fish kept
in T4 treatment (Table 6). The interaction of TEO and
malathion showed a significant effect on antioxidant in-
dices including SOD and MDA.

The serum ALT, AST, and ALP levels varied among
study treatments (Table 7). T3 treatment showed the

highest levels of ALT, AST with a significant difference
with other treatments (P<0.05). In terms of ALP activity,
the highest level occurred in the T6 treatment (P<0.05),
although no significant difference was observed between
T6 and T3 treatments (Table 7).

Immunological parameters

Table 8 and Figure 1 demonstrate the results of the
immunological parameters in the serum and mucus of the
fish under different treatments. The two-way ANOVA re-
sults show that the interaction of dietary TEO and malathion
did not significantly affect lysozyme, ACH,, and NBT. But
their effect on total Ig was evident. The highest level of
lysozyme, ACH,, total Ig and NBT of the serum was in
the T4 treatment. The lowest level of lysozyme, ACH, and
NBT belonged to the T3 treatment. The lowest and the high-
est level of total Ig were recorded in T3 and T4 groups, re-
spectively (P<0.05). Further, T3, T2, TS, and T6 treatments
showed similar levels of serum total Ig (P>0.05).
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Figure 1. Immunological indices of fish mucus under different treatments. ALP: Alkaline phosphatase; Total Ig: Total immunoglobulin; ACH,
Alternative complement activity. Values are presented as the mean + SE. Different letters (a—e) indicate the significant differences (P<0.05).
T1: control diet; T2: control diet + 0.025 mg L' malathion (Low dose); T3: control diet + 0.075 mg L' malathion (High dose); T4: control diet
+ 1% TEO (TEO); T5: control diet + 0.025 mg L' malathion + 1% TEO (Low-TEO); T6: control diet + 0.075 mg L' malathion + 1% TEO
(High-TEO)
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Table 8. Effects of dietary thyme essential oil administration and malathion exposure on immunological indices (mean + SE) in the blood serum
of Oncorhynchus mykiss

Malathion TEO Lﬁ?/ﬁlr;l ¢ ?55&“) (Txﬁgﬁﬁ (OD g l5310 nm)
0 0 61.92+1.15b 33.05+0.90 cd 22.40+0.53 b 0.36+0.014 b
0.025 0 56.20+1.13 ¢ 34.61+0.98 be 18.58+0.38 ¢ 0.26+0.014 cd
0.075 0 50.48+1.11d 29.69+0.88 d 17.20£0.39 ¢ 0.23+0.008 d
0 1 70.17+0.83 a 39.69+0.81 a 28.85+0.85 a 0.43+0.014 a
0.025 1 59.07+0.73 be 37.24+0.68 ab 19.67+0.41 ¢ 0.31£0.008 be
0.075 1 56.72+0.97 ¢ 31.74+0.75 cd 19.20+0.36 ¢ 0.25+0.008 d
Two-way ANOVA (P-value)
malathion 0.000 0.000 0.000 0.73
TEO 0.000 0.000 0.000 0.001
malathion x TEO 0.057 0.038 0.001 0.102

"ACH, alternative complement activity; Total Ig: Total immunoglobulin; NBT: Nitro blue tetrazolium. Different letters (a—d) in the same row indicate
significant differences (P<0.05). T1: control diet; T2: control diet + 0.025 mg L' malathion; T3: control diet + 0.075 mg L' malathion; T4: control diet + 1%
TEO; T5: control diet + 0.025 mg L' malathion + 1% TEO; T6: control diet + 0.075 mg L' malathion + 1% TEO.

The immune indices of skin mucus varied among
experimental groups (Figure 1). There was a significant
difference between the amount of lysozyme, total Ig, and
ACH, of different treatments with the highest and low-
est level belonging to T4 and T3, respectively (P<0.05).

Discussion

As shown, thyme oil contains a number of antimicro-
bial components including thymol, linalool, terpinene,
p-cymene, carvacrol, and B-caryphyllene which inhibit
pathogens. These phenolic components also act as strong
antioxidants, improve the growth performance and de-
fense mechanisms of the animal. Despite its advantages
over other essential oils (Zarzuelo and Crespo, 2002),
less attention has been given to the use of thyme oil in
aquaculture (Zargar et al., 2019).

In this study, the impacts of TEO on growth and bio-
chemical parameters of O. mykiss exposed to malathion
were examined. According to the results, nutritional sup-
plementation of TEO improved the SR and some growth
indices, including FW and FCR of the fish. Although
growth parameters in the treatments containing mala-
thion were significantly reduced. Numerous studies de-
scribed the perturbation in the growth parameters of fish
due to poisoning and effect of contaminations (Mekkawy
and Lashein, 2003; Huculeci et al., 2009; Al-Shawi et al.,
2022). Also, previous studies showed that plant extracts
increase the digestibility and nutritional availability and
synthesize more proteins (Samadi et al., 2016). For in-
stance, it has been demonstrated that Mooseer extract
(Ebrahimi Dorche et al., 2013) and combination of oak
acorn, coriander, and common mallow extracts (Raissy
et al., 2022) affect protease and digestion enzymes and
improve the digestion and ingestion of proteins. Pan-
creatic enzymes are important factors in feed digestion.

Medicinal herbs can stimulate the pancreas gland to se-
crete digestive enzymes (Frankic et al., 2009). Similar to
our results were observed in the study of Sénmez et al.
(2015), where the higher WG was obtained in O. mykiss
supplemented with thyme essential oil. Therefore in this
experiment, the higher weight gain in T4 can be ascribed
to thyme oil supplementation and subsequently increased
secretion of digestive enzymes.

In this experiment malathion and thyme oil affected
the blood indicators of rainbow trout in such a manner
that the highest level of Hct, RBC and WBC were seen
in the fish fed with supplemented thyme oil. Moreover,
toxic and stress conditions change the physiological in-
dices including hematological parameters of the animals
(Ates et al., 2008; Abarghoei et al., 2015; Mirghaed et
al., 2018). This experiment showed that thyme oil in the
diets can increase the count of RBC, Hct percentage, and
Hb values. This agrees with previous studies where gi-
bel carp (Carassius auratus gibelio) (Zadmajid and Mo-
hammadi, 2017) and Nile tilapia (Oreochromis niloticus)
(Antache et al., 2014) were fed diets containing thyme as
compared to control. A significant increase in the number
of RBC and Hb content was also recorded in O. mykiss
(Ahmadifar et al., 2011) and O. mossambicus (Gultepe
et al., 2014) fed thymol-carvacrol and 1% of thyme sup-
plemented diets, respectively, which were similar to our
results. Increase in the WBS of the fish in our experi-
ment indicates that the presence of thymol, eugenol, and
carvacrol as phenolic compounds in the thyme oil could
stimulate the immune system of animals, thereby rais-
ing the WBC levels. In contrast, amount of Hct and RBC
in the fish exposed to both the doses of malathion were
reduced as compared to control group. Since Hct is the
volume percentage of RBC, declined number of RBC
or Hb reduces the amount of Hct (Ghafari Farsani et al.,
2016 a, b; Mohammadi et al., 2020). Number of RBC can
be reduced due to the exposure to contaminants or their
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accumulation in the gill tissues due to the stresses arising
from the pollutants (Adeyemo, 2007; Ghafari Farsani et
al., 2016 a, b).

Our data indicated an improvement in the level of bi-
ochemical components of the blood of the fish fed TEO-
contained diet. The serum total protein is an important
indicator of fish’s nutrition and health status (Yousefian
et al., 2011). Albumin is synthesized in the liver and acts
as an antioxidant agent against oxidative stress induced
by free radicals (Adler and Edwards, 2000). Globulin is
another essential component of the innate immune sys-
tem of fish (Yousefi et al., 2021). The same result was ob-
tained by Gulec et al. (2013) who found a higher level of
total protein, albumin, and globulin when feeding fish on
diets supplemented with a mixture of thyme and fennel.
Exposing fish to higher doses of malathion significantly
reduced the total protein which could be due to the distur-
bance in the protein synthesis in the liver and absorbance
of amino acids from the intestine. Also, a lower level of
ALB in the fish exposed to malathion alone and the com-
bination of TEO and higher dose of malathion might be
due to the lower biosynthesis of protein in the fish liver.
A higher level of TRG was recorded in the fish exposed
to malathion which can be a consequence of breaking
down of fats from the body tissues (Banaee et al., 2019).
In contrast, a lower level of TRG was recorded in the
fish fed with thyme oil. Reductions in TRG levels were
recorded by Hoseini and Yousefi (2019) and Mousavi et
al. (2016) when rainbow trout and common carp (Cypri-
nus carpio) were fed with T. vulgaris, respectively. The
levels of CHOL had slight changes during this experi-
ment but significantly high levels of it were recorded in
T2 and T3 treatments as compared to the control group.
Malathion can disrupt the excretion of bile cholesterol
and reduces lipoprotein synthesis which therefore raises
the level of cholesterol (Abdel-Daim et al., 2020). Also,
at the end of the experiment, CORT values showed sig-
nificant differences between the experimental groups. In
this investigation, the amount of cortisol and Ur were
significantly elevated in the fish exposed to malathion.
Cortisol secretion and increasing levels of glucose are
signs of stress in the exposed fish to overcome the energy
needed for these conditions (Banaee et al., 2020). On the
other hand, fish fed diet supplemented with thyme oil
presented lower contents of CORT and Ur, indicating an
improvement in these parameters. Antache et al. (2014)
showed dietary Thymus vulgaris reduced the serum con-
centration of cortisol in O. niloticus.

Based on the literature, an elevated level of hepatic
metabolic enzymes is redolent of hepatic injury and mal-
function (Yousefi et al., 2018). SOD and CAT act as body
defense mechanisms against oxidative stress induced
by superoxide radicals and H,O, (S6nmez et al., 2015).
Their inhibitory function on oxygen free radicals forma-
tion reduces oxidative stress (Pandey et al., 2003). In the
present study, significantly high levels of CAT, SOD, and
GPx but lower levels of MDA were observed in the se-
rum of fish in T4 treatment. Elevated levels of SOD and

CAT beneficially neutralize adverse effects of reactive
oxygen species (ROS) on body cells, which is confirmed
by a lower level of MDA (John et al., 2001). Therefore,
it can be said that different contaminants in aquatic envi-
ronments produce ROS and damage the cells of aquatic
organisms (Xiong et al., 2011). The defense mechanism
of cells reduces the injuries of ROS radicals (Monteiro
et al., 2006). By maintaining the redox homeostasis, cell
defense mechanism normalizes the cellular functions by
metallothionein (MTs), glutathione peroxidase (GSH-
Px), catalase (CAT) and superoxide dismutase (SOD) (Le
Bras et al., 2005). Results of Al-Shawi et al. (2022) on
the antioxidant enzymes of C. carpio exposed to cadmi-
um and fed with Silybum marianum, confirm our results.
Other studies also show the improvement of antioxidant
enzymes due to the supplemented feeding of plants (Mo-
hammadi et al., 2020; Veisi et al., 2021; Ghafarifarsani et
al., 2021 b and 2022 a; Raissy et al., 2022; Rudiansyah
et al., 2022).

Measuring the level of ALT, ALP, and AST enzymes
is advantageous in the evaluation of diet metabolism
and the negative effect of a toxicant on fish liver (Zad-
majid and Mohammadi, 2017). A significant decrease
in the level of ALP, AST, and ALT was observed in the
fish fed with TEO. Low levels of these enzymes in the
serum of fish fed TEO as compared to fish exposed to
malathion suggest a healthier liver that successfully con-
trols the amino acid metabolism. These beneficial effects
may be attributed to the phenolic compounds found in
thyme oil, which stimulate the antioxidant status and im-
mune system of fish. Significant reduction in the level
of ALP, AST, and ALT of gibel carp was recorded when
the amount of thyme oil in their feed increased to 800
mg kg! (Zadmajid and Mohammadi, 2017). Valladdo et
al. (2019) also reported no significant difference between
ALT and AST levels of tilapia fed with 0.1-1% of thyme
oils. A two weeks dietary experiment demonstrated that
thyme extract at 5-20 g kg™! of feed suppressed AST and
ALT levels in O. mykiss (Hoseini and Yousefi, 2019).

The current study indicated the role of TEO as
a growth enhancer and an immunostimulant. The immu-
nostimulatory effects of thyme oil components have been
reported previously (Rota et al., 2008). Lysozyme activ-
ity and WBC were improved in O. mykiss treated with
Thymus vulgaris essential oils (Zargar et al., 2019). El-
evation of ACH,, was observed in fish fed with TEO di-
ets. It seems that a higher level of TP in the blood serum
has led to higher levels of ACH, and a better immune
system in the TEO treatments which help the phagocy-
tosis of harmful agents. The amount of total Ig was also
increased in TEO treatment groups. Similar results were
reported by Hoseini and Yousefi (2019), where thyme
(Thymus vulgaris) extract increased total Ig, ACH_, total
protein, and lysozyme values.

50°

Conclusion
Overall, it can be inferred that thyme oils can enhance
the growth, blood, and biochemical parameters immune
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system and the defense mechanism of O. mykiss against
malathion toxicity. These inverse effects are due to the
phenolic compounds including carvacrol and thymol in
the oil. The best result was obtained in 1% thyme oil
supplementation. Therefore, 7. vulgaris essential oil is a
suitable supplement for stimulating the growth and im-
mune system of rainbow trout under stresses of exposure
to pollutants and contaminants. Additional research on
the effect of thyme oil against aquaculture toxicants is
encouraged.
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