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Abstract

There are many reports on the deleterious effects of herbicides on aquatic organisms which lead to tremendous biologi-
cal, environmental and economical damage. In this regard, in the present study, the protective effect of summer savory
(Satureja hortensis) essential oil (SEO) against pretilachlor, one of the most used herbicides was investigated in common
carp (Cyprinus carpio). The fish assigned to six treatment groups (T,: control treatment; T,: 25% LCj, pretilachlor her-
bicide; T;: 50% LCs pretilachlor herbicide; T,: 1% SEO; Ts: 25% LCs, pretilachlor herbicide +1% SEO; and Tg: 25%
LCs, pretilachlor herbicide + 1% SEO) for 21 days. The results showed that the SEO-containing treatments significantly
increased the survival rate (SR) (P<0.05). The highest final weight (FW), specific growth rate (SGR), and feed conver-
sion ratio (FCR) were observed in the T, treatment (P<0.05). There was a significant increase in glucose (GLU) level in
pretilachlor treatments and a significant decrease in SEO-containing treatments compared to the control (P<0.05). The
significantly highest total protein (TP) content was observed in T, treatment containing SEO. Cholesterol (CHOL) and
triglyceride (TRIG) levels decreased in SEO-containing treatments with the lowest level in T, treatment (P <0.05). Alter-
native complement pathway activity (ACHsy), activity levels of superoxide dismutase (SOD), and glutathione peroxidase
(GPy) showed an increasing trend in SEO-containing treatments with the highest level in T, treatment (P<0.05). The
activity of liver enzymes showed a significantly lowest level in T, treatment. To conclude, our findings revealed that the
use of SEO in fish exposed to pretilachlor herbicide could improve growth, strengthen the immune system and exert a
protective effect on common carp.

Keywords Plant medicine - Satureja hortensis - Herbicide - Growth - Immunity - Common carp

< Gunawan Widjaja
widjaja_gunawan@yahoo.com

Medical Laboratories Techniques Department, Al-Mustaqbal
University College, 51001 Babylon, Hilla, Iraq

Department of Health and Rehabilitation Sciences, College

of Applied Medical Sciences, Prince Sattam bin Abdulaziz Al-Nisour University College, Baghdad, Iraq

University, Al Kharj, Saudi Arabia 8 Saveetha Institute of Medical and Technical Sciences,
3 Department of Physical Therapy, Kasr Al-Aini Hospital, Chennai, India
Cairo University, Giza, Egypt 9

Department of Anesthesia, College of Health and Medical
Kuban State Agrarian University named after I.T. Trubilin, Technololgy, Al-Ayen University, Thi-Qar, Iraq

Krasnodar, Russia 10" Department of Pharmaceutical Chemistry, College of

Postgraduate Study, Universitas Krisnadwipayana, Bekasi, Pharmacy, University of Mosul, 41001 Mosul, Iraq

Faculty of Public Health, Universitas Indonesia, Depok, Department of Fisheries, Faculty of Natural Resources,
Indonesia University of Tehran, Karaj, Iran

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11259-022-09970-z&domain=pdf&date_stamp=2022-8-16

1064

Veterinary Research Communications (2022) 46:1063-1074

Introduction

Following the increasing use of herbicides in modern agri-
culture, a large proportion of these herbicides are accumu-
lated in surface waters through surface runoff, leaching, and
drift leading to environmental hazards for aquatic organ-
isms and human health (Jiang et al. 2016; Gharaei et al.
2020; Saha et al. 2021; Stara et al. 2021; Suchiang 2021,
Vali et al. 2022). Exposure of the fishes to pesticides results
in behavioral, physical, morphological, physiological disor-
ders, and suppression of the immune system, which leads to
unfavorable consequences on fish growth and reproduction
(Srivastava et al. 2016; Soni and Verma 2018; Kumari 2020;
Suchiang 2021; Dar et al. 2022; Merola et al. 2022).

Pretilachlor (2-chloro-2’,6’ -diethyl-N- (2 propoxyethyl)
acetanilide) is one of the most widely used chloroacetamide
herbicides for pre-emergence control of undesirable weeds
in corn, cotton, soybeans and many other crops (Jiang et al.
2016; Soni and Verma 2018). There are many studies on
evaluation of the negative impact of pretilachlor on physiol-
ogy after acute or chronic exposure in different aquatic spe-
cies showing that male and female sex hormones decrease
during exposure and there is increase in cortisol, and liver
enzymes and free radicals related to reactive oxygen species
(ROS) (Soni and Verma 2018, 2020).

Common carp (Cyprinus carpio) is an economically
important species in the world, accounting for 71.9% of
freshwater production, and its production has increased
from 2.9 million tons in 2008 to 4.1 million tons in 2017,
with an increase of almost 30% (Mohammadi et al. 2020).

Despite the significant progress, common carp culture
has been always encountered challenges such as changes in
water quality, pollution by pesticides, and nutritional prob-
lems. Numerous studies have shown that the use of herbal
additives can be significantly beneficial in overcoming these
problems (Galina et al. 2009; Pandey et al. 2012; Reverter et
al. 2014; Myszka et al. 2019; Alagawany et al. 2021; Lum-
sangkul et al. 2022; Rashidian et al. 2022a, b).

Plant essential oils, with their abundant antioxidant
and antimicrobial properties, can exert positive effects on
growth performance, resistance to environmental stress,
infectious diseases, stimulation of nonspecific immune sys-
tem, and some blood parameters in livestock, poultry, and
cultural aquatics (Diigenci et al. 2003; Kapoorchali et al.
2009; Awad and Awaad 2017; Abdel-Latif et al 2020;a,b
Mohammadi et al. 2020; Abdel-Tawwab and El-Araby
2021; Ghafarifarsani et al. 2021 a; Yousefi et al. 2021a;
Yousefi et al. 2021b; Abdel-Latif et al. 2022; Kumar et al.
2022; Raissy et al. 2022; Rashidian et al. 2022a,b). Numer-
ous studies have shown that various plant extract additives
could increase immunity, including increased serum com-
plement levels, plasma protein content, serum globulin, and
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lysozyme (Greathead 2003; Wu et al. 2007; Windisch et al.
2008; Alishahi et al. 2011; Harikrishnan et al. 2011; Abdel-
Tawwab and El-Araby 2021; Ghafarifarsani et al. 2021 a,b;
Alagawany et al. 2021; Ghafarifarsani et al. 2022; Raissy et
al. 2022). It has been also demonstrated that improving the
flavor of the diet by plant compounds stimulated pancreatic
enzymes and growth, caused weight gain, and helped digest
and absorb important nutrients (Frankic et al. 2009; Abdel-
Tawwab et al. 2010).

There have been some reports that summer savory (Sat-
ureja hortensis) has many beneficial properties including
stimulating growth and appetite and boosting the immune
system (Akbarzadeh 2003). The genus Satureja belongs to
the family Lamiaceae (Hernandez-Contreras and Hernan-
dez 2020), which is widely used in food preparation and has
a special role in the pharmaceutical industry and traditional
medicine (Taherian et al. 2019) and is rich in thymol and
carvacrol (Hernandez-Contreras and Hernandez 2020).

Recent studies have shown that the toxicity of pesticides
in fish may be associated with increased ROS produc-
tion, which causes oxidative damage to biological systems
(Yonar and Sakin 2011). Oxidative stress refers to an imbal-
ance between the production and neutralization of ROS by
antioxidant mechanisms within an organism (Puangkaew
et al. 2005; Valavanidis et al. 2006); specification of anti-
oxidant enzymes such as superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), catalase (CAT) and glu-
tathione S-transferase (GST) can be used to identify and
highlight this stress (Puangkaew et al. 2005; Blahova et al.
2013; Hamed et al. 2021).

On the other hand, fish epidermal mucus contains a vari-
ety of biologically active agents such as lysosomes, flavoen-
zymes, immunoglobulins, and antimicrobial peptides ((Van
Doan et al. 2019; Rashidian et al. 2021). Mucous secretions
by trapping high concentrations of toxins prevent their
introduction into the fish body (Magnadottir 2006; Subra-
manian et al. 2007). Therefore, studying the parameters of
the mucosal immune system will help to understand the bio-
logical conditions of fish and reduce the immune function of
fish due to stress caused by pollutants (Magnadottir 2006).

Accordingly, the present study aimed to investigate the
protective effect of summer savory (Satureja hortensis)
essential oil (SEO) on growth and survival parameters, liver
enzymes, immune serum, mucosal immune system, and
biochemical profiles of common carp (Cyprinus carpio)
exposed to the pretilachlor herbicide.
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Materials and methods
Preparation of herbal extract

The SEO was purchased ready-made from Tabib Daru
Company (Kashan-Iran). The chemical composition of
SEO was Carvacrol (29.6%), gamma-Terpinene (26.3%),
Para-Cymene (14.1%), alpha-Terpinene (9.7%), Myrcene
(2.5%), alpha-Pinene (2.1%) and alpha-thujene (1.9%)
determined by Gas chromatography-Mass Spectrometry
(GC-MS, model- Shimadzu-9 A).

The basic diet components (Faradaneh Company, Iran)
including fish meal (10%), soybean meal (23%), meat meal
(21%), wheat meal (40.8%), fish oil (1%), soybean oil (1%),
lysin (0.7%), methionine (0.5%), vitamin mix (1%) and
mineral mix (1%); crude protein (37%), crude lipid (6%),
crude fiber (6%), digestible phosphorus (1.25%) and mois-
ture (7%) were thoroughly mixed while adding SEO and
water gradually (Ghafarifarsani et al. 2022). The resulting
mixture was pelletized using a meat grinder and dried in a
dark place for 24 h.

Experimental design

Carp were purchased from the carp sales center in Hashtgerd
(Karaj, Iran) and transferred to Mohammad Shahr (Karaj,
Iran) for further testing. After isothermalization and adapta-
tion of the juveniles to the new conditions and feeding on a
basic diet in the form of pellets for two weeks, the fish were
examined to ensure the health and natural structure of the
body. After the initial bioassay, 360 completely healthy fish
with an initial weight of 25.35+0.13 g were kept in 18 fiber-
glass tanks (20 fish per tank) for 21 days in a completely
randomized design with six treatment groups (T;: control
treatment; T,: low concentration of toxin (25% LCj pretila-
chlor herbicide); T;: high concentration of toxin (50% LCsj,
pretilachlor herbicide); T,: 1% SEO; Ts: low concentration
of toxin + 1% SEO; and Tg: high concentration of toxin + 1%
SEO). The 21 exposure period and 25% and 50% of LCy,
treatment were chosen based on the OECD guide line for
short term screening (OECD GUIDELINE FOR THE
TESTING OF CHEMICALS 230 Adopted: 7 September
2009) and 1% of SEO was chosen based on previous studies
in the literature in cyprinid diets (Ghafarifarsani et al. 2022).
The oil was added to the basal diet every day, and the fish
were fed (2% of fish body weight) twice a day.

During the experimental period, the physicochemical fac-
tors of reservoir water (temperature: 22.2+0.7 °C (by ther-
mometer, ZEAL, UK), pH: 7.6+ 0.2 (by portable pH meter,
Model AE-PH501), and dissolved oxygen: 6.1+3 mg/l)
(by portable oxygen meter: Oxyguard Polaris Dissolved

Table 1 Lethal Concentrations (LC ,_g,) of Pretilachlor depending on
time (24-96 h) for Cyprinus carpio (mean + SE)

Point Concentration (mg/1) (95% of confidence limits)

24 h 48 h 72 h 96 h
LCy, 2.78+0.12 2.29+0.1 2.04+0.1 1.61+£0.09
LGC;, 3.68+£0.12 3.28+0.1 3.01+£0.1 2.58+0.09
LCs, 4.30+0.12 3.96+0.1 3.68+0.1 3.26+0.09
LC,, 4.92+0.12 4.65+0.1 435+0.1 3.93+0.09
LCy, 5.82+0.12 5.63+0.1 5.32+0.1 4.90+£0.09

Oxygen Meter, Dynamic Aqua Supply Ltd, Canada) were
measured daily.

The fish were kept in a 12/12 h light/dark cycle. To main-
tain water quality and to remove waste products, uneaten
foods were siphoned and water was completely renewed
(100%) daily with the same concentration of the herbicide
in each treatment.

Determination of lethal concentration (LC;,) values
of pretilachlor herbicide

Prior to the experiment, there was a need to determine the
lethal range and acute concentration of the pretilachlor on
the fish to specify the subacute test doses. To determine the
LC,, value for pretilachlor herbicide on common carp based
on the standard method of O.E.C.D (1994), 180 fish were
assigned to six treatments in triplicate (10 fish in each rep-
licate in 60-liter tanks). The lethal concentration test lasted
96 h and the number of deaths was counted at 24, 48, 72,
and 96 h and recorded (Hedayati et al. 2015; Shahbazi Nas-
erabad et al. 2017). The physicochemical properties of the
water were controlled, and all conditions were maintained
the same during the test period so that different doses of
contamination were the only variable. Finally, the number
of fish lost was recorded after 24, 48, 72, and 96 h. Then, the
values of LC,, LC5, LCs, LC5, and LCqy, were calculated
for carp using Probit program version 0.16, (Table 1).

Blood sampling

In each treatment, six fish were randomly selected and anes-
thetized with clove powder (150 ppm) and the blood sam-
ples were taken from the caudal vein using a sterilized 2-mL
syringe (Ghafarifarsani et al. (Ghafarifarsan et al. 2021) b).

To obtain serum to measure biochemical, immune, and
antioxidant parameters, the blood samples were immedi-
ately transferred to tubes and allowed to coagulate at room
temperature for 30 min (Ross et al. 2000; Ghafarifarsani
et al. 2021 b).

@ Springer
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Growth performance

After feeding the treatments with the specified feed for 21
days, at the end of the experiment, the number of fish losses,
if any, during the study, the consumed feed, and the final
weight of the fish were recorded. Then, growth indices were
measured using the following equations:

Weight gain (WG) (g) =initial weight — final weight.

Weight gain (WG) (%) = (initial weight — final weight)
x 100.

Specific growth rate (SGR) (%/d) = (In final wt (g) — In
initial wt (g) / days) x 100.

Feed conversion rate (FCR) =total feed given (g) / weight
gain (g).

Survival rate (SR) (%) = (final numbers / initial numbers)
x 100.

Measurement of biochemical compounds

After drawing blood from the caudal vein, the blood was
transferred into a 2-mL Eppendorf tube and centrifuged at a
speed of 1000 x g at4 °C for 5 min. The obtained serum was
stored in a freezer at -20 °C until biochemical parameter
measurements. Total protein (TP), albumin (ALB), glucose
(GLU), cortisol (CORT), triglyceride (TRIG), cholesterol
(CHOL), and lactate dehydrogenase (LDH) were measured
using a biochemical analyzer (Roche Hitachi 911 Chemis-
try Analyzer, Japan), and the serum cortisol (CORT) levels
were measured by a commercial ELISA kit (ZellBio, Ger-
many). Finally, the serum globulin (GLO) was also calcu-
lated from the difference between total serum protein and
albumin (Naiel et al. 2021).

Measurement of liver enzymes and antioxidants in
blood serum

Antioxidant enzymes, including glutathione peroxidase
(GPx), superoxide dismutase (SOD), catalase (CAT), and
malondialdehyde (MDA), were determined using a com-
mercial kit (Berlin, Germany, ®Zellbio) according to the
manufacturer’s protocol (Hoseinifar et al. 2020b; Raissy
et al. 2022).

The activity levels of liver enzymes including aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and
alanine aminotransferase (ALT) were measured by spectro-
photometry using commercial kits (Pars Azmun Co., Teh-
ran, Iran) (Hoseini et al. 2012, 2018).

@ Springer

Assessment of parameters related to the mucosal
immune system

In order to collect mucus samples, six fish were randomly
sampled from each tank, anesthetized by clove powder
separately, placed in polyethylene zipper bags containing
10 mL of 50 mM sodium chloride for two minutes, and
then removed from the bags. The collected mucus samples
were transferred to sterile 15-mL tubes and centrifuged with
1500 g for 10 min at 4 °C; the resulting supernatant was
transferred to a 1.5 cc microtube for further analysis (Vali
et al. 2020).

Immunological parameters were analyzed in samples of
serum and mucus by using conventional techniques. Lyso-
zyme activity was determined in serum and mucus samples
according to the slightly modified method of Demers and
Bayne (1997). In brief, 0.2 mg/ml of the bacterium (Micro-
coccus luteus) suspension was prepared with the sodium
phosphate buffer (0.05 M, pH 6.2). Sixty uL of the sample
was mixed with the bacterium suspension (2 ml) and incu-
bated for three minutes; then the absorbance was read. One
unit of lysozyme was considered a decrease of 0.001 per min
in absorbance. Alternative complement activity (ACHs)
was measured in samples of serum and mucus through the
method developed by Ortuno et al. (2000), which is based
on sheep red blood cells (SRBC) hemolysis. For the mea-
surement of total immunoglobulin (total Ig), the samples
were sedimented with a polyethene glycol solution (12.5%)
(Sigma). The total Ig was then determined after calculat-
ing protein concentrations before and after sedimentation
(Siwicki and Anderson 1993).

Protease activity in mucus was measured using the azo-
casein hydrolysis approach explained by Ross et al. (2000).
Mucus alkaline phosphatase (ALP) activity and total pro-
tein (TP) level were determined by a commercial kit (Pars
Azmun Co., Tehran, Iran).

Statistical analysis

The data were analyzed by one-way analysis of variance
(ANOVA) using SPSS version 20 software. The signifi-
cance level of statistical tests was considered less than 5%.
Prior to the analysis of variance, normality of data distribu-
tion and homogeneity of variance of different experimen-
tal groups were assessed using Shapiro-Wilk and Levene’s
tests, respectively. If the results of the analysis of variance
were significant, Tukey’s post hoc test was used to com-
pare the means of different treatments. The mean data were
reported as Mean + standard error (SE).
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Table 2 Effect of dietary supplementation with Satureja hortensis and/or exposure to sub-lethal pretilachlor toxicity (25% and 50% LCj,; mg/1)
for 21 days on the growth performance and survivability of Cyprinus carpio

Parameters Tl T2 T3 T4 T5 T6 df F Sig
value
IW (g) 2529+0.53 25.26+0.29 2530+041 2537+026 25.61+0.41 2525+031 5 0.124 0.984
FW (g) 32.86+0.29° 29.65+0.26™ 28.85+0.26° 34.73+0.32¢ 30.72+0.29" 30.30+0.38®® 5 50.918 0.000
WG (g) 7.57+0.055b 4.38+0.03* 3.55+0.26° 9.36+0.39" 5.10+£0.69* 5.04+0.07* 5 20.778 0.000
WG (%) 30.03+£2.70° 17.37+0.33* 14.06+125* 36.91+1.82° 20.03+3.02* 19.98+0.14* 5 28.032 0.000
SGR (%/d) 0.43+0.035° 0.26+0.004® 0.21+0.018" 0.52+0.022° 0.30+0.041* 0.30+0.002* 5 20.518 0.000
FCR 0.02% 1.81+£0.019 1.82+0.01¢ 1.47+0.02° 1.68+0.01" 1.70+0.01® 5 42.289 0.000
SR (%) 93.33+1.33% 89.33+1.33" 82.66+1.33% 98.66+1.33° 93.33+1.33* 90.66+1.33* 5 15.900 0.000

Data are expressed as the mean+ SE. Different letters (a—d) in the same row indicate significant differences among the treatments (P <0.05;

Tukey test)

*Abbreviations: IW, initial weight; FW, final weight; WG, weight gain; WG%, percentage of weight gain; SGR, specific growth rate; FCR, feed

conversion ratio; SR, survival rate

Results

At the end of the experimental period, the final weight
showed a significant difference between the control and the
experimental groups (P<0.05). The highest mean weight
was obtained in the treatment, T, (34.73+1.12 g) and the
lowest mean weight was obtained in the treatment, T,
(29.65+1.30 g).

In the present study, the feed conversion ratio (FCR)
showed a significant difference between control and experi-
mental treatments (P<0.05), with the lowest and highest
values in the treatments, T, and T;, respectively (Table 2).

The valuses of daily growth rate were significantly higher
in control and the treatment, T, compared to other experi-
mental groups (Table 2, P<0.05). There were no significant
differences in growth rate between control and fish of T4
(Table 2, P>0.05).

The total protein content and globulin level significantly
increased with the addition of SEO (T,) (3.42+0.03) com-
pared to the control (3.19+0.02), with highest levels in the
treatments, T5 and T6 respectively (Table 3, P<0.05).

Thelevels of TRIG, CORT, GLU, CHOL and LDH param-
eters decreased with the addition of SEO (T,) compared to
the control group and exhibited a significant difference with

Table 3 Effect of dietary supplementation with Satureja hortensis and/or exposure to sub-lethal Pretilachlor toxicity (25% and 50% LCjs,; mg/1)

for 21 days on the serum biochemical indices of Cyprinus carpio

Parameters T1 T2 T3 T4 T5 T6 df F Sig
value
Total Protein (g/dL)  3.19+0.02¢¢ 2.85+0.05>  223+0.06* 3.42+0.03¢  3.10+0.03° 2.97+0.06® 5 67.941 0.000
Albumin (g/dL) 2.1140.032°  1.89+0.031%°  1.80+0.023* 2.13+0.017° 1.93+0.027°  1.84+0.008®°® 5 30.402 0.000
Globulin (g/dL) 1.08+0.05°  0.95+0.05b  0.43+0.08*  1.29+0.05°  0.16+0.05*  1.12+0.06" 5 23.958 0.000
Triglyceride (mg/dL) 125.68+1.45° 134.05+1.96° 139.13+1.40° 112.95+1.51* 119.74+1.47® 123.90+1.18° 5 41.110 0.000
Cholesterol (mg/dL)  180.90+2.14° 197.64+1.79% 204.70+2.41° 159.03+2.95° 184.86+2.43b° 192.56+2.46°1 5 44.688 0.000
Glucose (mg/dL) 62.78+1.36° 70.86+1.47° 71.47+1.06° 55.49+091*° 64.70+0.74° 64.93+147° 5 23.730 0.000
Cortisol (nmol/L) 83.51+0.85" 92.09+127¢  9939+1.15° 68.50+1.36* 85.50+0.86" 90.44+1.09° 5 87.544 0.000
LDH (U/L) 216.84+2.59% 232.08+1.87° 241.76+1.77¢ 196.70+2.52* 213.21+4.58" 215.62+4.72> 5 23.464 0.000

Data are expressed as the mean+ SE. Different letters (a—e) in the same row indicate significant differences among the treatments (P <0.05;

Tukey test)
*Abbreviations: LDH, lactate dehydrogenase

Table 4 Effect of dietary supplementation with Satureja hortensis and/or exposure to sub-lethal pretilachlor toxicity (25% and 50% LCs,; mg/1)

for 21 days on liver enzymes in the blood serum of Cyprinus carpio

Parameters T1 T2 T3 T4 TS T6 df F Sig
value

ALT (U/ml) 16.16+0.56* 18.11+£0.33% 19.21+0.61¢ 14.33+0.30° 14.70+0.31*® 16.60+0.48* 5 17.446 0.000

AST (U/ml) 10.38+0.48" 10.86+0.40° 14.89+0.96° 08.31+0.34* 10.23+0.35® 12.30+0.52° 5 16.243 0.000

ALP (U/ml) 23.00+0.53%%  24.88+0.50 26.14+0.41° 21.44+0.42% 23.61+0.53% 24.63+0.71* 5  9.571 0.001

Data are expressed as the mean+ SE. Different letters (a—d) in the same row indicate significant differences among the treatments (P <0.05;

Tukey test)

*Abbreviations: ALT, Alanine aminotransaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase
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Table 5 Effect of dietary supplementation with Satureja hortensis and/or exposure to sub-lethal Pretilachlor toxicity (25% and 50% LCjs,; mg/1)
for 21 days on the serum antioxidant biomarkers and MDA content of Cyprinus carpio

Parameters T1 T2 T3

T4 T5 T6 df Fvalue Sig

CAT (U/ml) 21.17+0.070° 16.17+0.22%

17.62+0.34° 27.23+0.524

14.82+0.34* 1591+0.16® 5 121.118 0.000

SOD (U/ml) 39.35+£0.090® 37.30+0.85® 35.65+0.75° 41.15+1.41° 38.02+0.6ab 37.09+1.54% 5 3.199 0.046
GPx (U/ml) 50.09+0.82*  68.17+0.42° 47.09+0.91* 59.85+0.91° 50.63+0.66a 50.67+0.85° 5  29.389 0.000
MDA (nmol/ml) 1.64+0.11° 2.15+0.09¢¢ 227+0.08¢ 1.04+0.05* 1.63+0.03b 1.85+0.08° 5 28718 0.000

Data are expressed as the mean+ SE. Different letters (a—d) in the same row indicate significant differences among the treatments (P <0.05;

Tukey test)

*Abbreviations: CAT, catalase; SOD, superoxide dismutase; MDA, malondialdehyde; GPx; glutathione peroxidase

the control (Table 3, P<0.05). The CORT had the highest
level (92.09 +1.27) in T, (high concentration of pretilachlor
herbicide) and the lowest level (68.50+1.36) in T, (Table 3,
P<0.05). The trend of GLU changes was similar to CORT
(Table 3, P<0.05).

The addition of SEO to the common carp diet caused a
significant decrease in ALP and AST enzyme activity com-
pared to the control group (Table 4, P<0.05). The activity
level of these enzymes increased in treatments, T,, T; and Ty
had a significant difference from the control group (Table 4,
P<0.05). The highest level of ALP activity (26.14+0.41)
was observed in T; and the lowest value (21.44 +0.42) was
in T, (Table 3, P<0.05).

The levels of CAT, SOD, and GPx increased in the
T,, which was different from the control group (Table 5,
P<0.05). However, the MDA content decreased in T,, while
it increased in the treatments, T, and T (Table 5, P<0.05).

Except for Ts treatment, all treatments showed a signifi-
cant difference in serum lysozyme activity compared to the
control group (Table 6, P<0.05). The lysozyme levels sig-
nificantly decreased in the treatments,T,, T; and T4 com-
pared to the control, while its levels significantly increased
in T, compared to other treatments (Table 6, P <0.05).

Serum complement (ACHs,) showed a significant
increase in the treatments, T, and T5 compared to the con-
trol, with the highest levels in T, (54.14%2.9) (Table 6,
P<0.05).

The results showed the highest mucosal lysozyme
activity in the treatment T, (29.32+0.64), which was sig-
nificantly different from other treatments and the control
group (27.07+0.60) (Fig. 1, P<0.05). The treatments T,
and Tj;, which received the low and high concentrations of

pretilachlor herbicide, respectively, showed a decrease in
lysozyme level, which was significantly different from the
control group (Fig. 1, P<0.05).

The highest level of mucosal immunoglobulin observed
in T, (11.22+0.53 mg/l), which showed a significant
increase compared to control group (Fig. 1, P<0.05).

The protease level increased in T, (20.30+£0.84) com-
pared to the control (19.15+0.84), while its level decreased
in the other treatments (Fig. 1, P<0.05).

Discussion

Special attention has recently been paid to the use of immu-
nostimulants as dietary supplements capable of improving
nonspecific defense and resistance to pathogens and toxins
(Antache et al. 2014; Jahanjoo et al. 2018; Yousefi et al.
2020; Farag et al. 2021; Ghafarifarsani et al. 2021c, 2022;
Owolabi and Abdulkareem 2021; Raissy et al. 2022; Rudi-
ansyah et al. 2022). Due to the medicinal importance and
benefits of summer savory, this study aimed to investigate
the possible protective effect of essential oil of this plant
on various biological parameters of common carp exposed
to the pretilachlor herbicide. Besides measuring the trend
of changes in biochemical factors, antioxidant enzymes and
immunological factors of serum and mucus can be con-
sidered a suitable tool for predicting and determining the
health of a living organism, these factors can also be used
to determine drug safety (Subramanian et al. 2007; Mauri et
al. 2011; Harikrishnan et al. 2011; Yonar and Sakin 2011,
Hedayati et al. 2019; Bisht et al. 2020; Hoseinifar et al.

Table 6 Effect of dietary supplementation with Satureja hortensis and/or exposure to sub-lethal Pretilachlor toxicity (25% and 50% LCs,; mg/1)

for 21 days on the serum immunological indices of Cyprinus carpio

Parameters Tl T2 T3 T4 TS T6 df F Sig
value
Lysozyme (U/ml) 15.66+0.32° 12.36+0.43* 10.66+0.34* 17.70+0.45° 15.03+0.40° 12.03+0.17° 5 51.278 0.000
ACH,, (U/ml) 4530+1.88° 43.40+2.67 36.77+1.91% 54.14+2.98° 47.50+2.85" 40.96+1.75* 5  6.109 0.005
Total Ig (mg/ml) 20.52+£0.84" 15.13+0.80° 17.65+0.98%" 26.62+0.84° 18.40+0.86% 20.43+0.73" 5 20.995 0.000

Data are expressed as the mean+ SE. Different letters (a—c) in the same row indicate significant differences among the treatments (P <0.05;

Tukey test)

*Abbreviations: Total Ig, total immunoglobulin; ACHj, alternative complement activity
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Fig. 1 Effect of dietary supplementation with Satureja hortensis and/or exposure to sub-lethal Pretilachlor toxicity (25% and 50% LCs,; mg/1) for

21 days on the mucus immunological indices of Cyprinus carpio

* Abbreviations: Total Ig, total immunoglobulin; ACHs, alternative complement activity; ALP, alkaline phosphatase
Data are expressed as the mean + SE. Different letters above bars indicate the significant difference among the treatments (P <0.05; Tukey test)

2020; a,b Vazirzadeh et al. 2020; Vali et al. 2020; Farag et al.
2021; Hamed et al. 2021).

Our findings here showed that the use of SEO was effi-
cient to improve the health and growth and strengthen the
immune system of common carp. The highest survival rate,
final weight, daily growth rate, and specific growth rate
were observed in the SEO-containing treatments. Accord-
ingly, all growth parameters were reduced in the treatments
T, and T;, which contained low and high concentrations of
pretilachlor herbicide, compared to the control group. How-
ever, the growth parameters showed better conditions in the

treatments T and T, which were co-administered with toxin
and SEO compared to T, and T; Treatments. This was while
the best growth performance conditions were recorded in
T, treatment (recipient of 1%SEO without any toxin chal-
lenge). Mohamadi Saei et al. (2016) investigated the effects
of diets containing different levels of Myrtus communis and
Satureja khuzestanica extracts on the growth, survival, and
nutritional indices of rainbow trout. They reported that the
highest feed conversion ratio was observed in fish fed with
diets containing M. communis and S. khuzestanica extracts,
which is in accordance with the results of the present study.
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Studies have shown that immunostimulants or antioxi-
dant compounds can improve animal growth by eliminat-
ing inflammatory markers and restoring the integrity of
the gastrointestinal wall (Niewold 2014; Celi et al. 2019;
Yousefi et al. 2021b) investigated the effect of different
levels of Origanum majorana extract (from the Lamiaceae
family) on growth, hematological, immunological, and bio-
chemical parameters of common carp (Cyprinus carpio),
and observed that there are significant effects of marjoram
extract on fish growth performance. Numerous studies have
also shown that the Labiatae family (which includes sev-
eral plants such as Thymus vulgaris and Origanum vulgare)
have growth-promoting, antioxidant and immunostimula-
tory properties in fishes (Zheng et al. 2009; Diler et al. 2017;
Zargar et al. 2019; Abdel-Latif et al. 2020;,b).

In the present study, the use of SEO significantly reduced
the level of TRIG and CHOL in the common carp compared
to the control group. The extracts of some plants decrease
the synthesis of cellular CHOL by increasing the level of
Cholesterol 7a-hydroxylase activity in liver cells (Asgary
et al. 2000). Measuring blood GLU levels is a common fac-
tor in assessing stress levels in fishes under environmental,
nutritional, and manipulation stresses (Prasad and Charles
2010). The present study showed that the SEO-containing
treatments reduced the GLU levels in fish. At the end of the
experimental period, the total protein content of SEO-treated
fish increased significantly compared to the control group.
Elevated serum albumin and globulin levels are known to
boost immunity in fish. Serum globulin and albumin levels
in the SEO-containing treatments increased compared to the
control. Asadi et al. (2012) reported that the use of Nastur-
tium nasturtium extract in rainbow trout increased globulin
levels in the blood. There are not any consensus absolute
TRIG, CORT, GLU, CHOL and LDH concentrations in dif-
ferent ages and different populations or lines in common
carp in the literature, but the reduction in TRIG, CORT,
GLU, CHOL and LDH in our study has brought the levels
of these parameters to the optimum levels. Therefore, the
fish with SEO were in better general health condition and
consequently the SEO fish had better growth and immune
system performance.

The serum AST, ALT, and ALP are important enzymes
for exploring tissue and muscle damage, especially liver
tissue (Paris-Palacios et al. 2000; Orisakwe et al. 2003).
Therefore, they are major stress indicators in monitoring
toxicological changes in the environment (Brusle and Ana-
don 2017; Abdel-Latif et al.2020a). In the present study, the
pretilachlor herbicide increased all three enzymes compared
to the control group, but the addition of SEO to the treat-
ments decreased the levels of these “ enzymes” in the blood.
This suggests that SEO has protective effects on liver tissue
damage caused by pretilachlor herbicide. A similar result

@ Springer

was observed in the study of feeding rainbow trout (Hoseini
and Yousefi 2019) and common carp (Ghafarifarsani et
al. 2021,b) with thyme extract. In general, the addition of
pretilachlor herbicide to the experimental treatments caused
damage to liver tissue; as a result, the activity of these
enzymes increased at the serum level, and our findings sug-
gest the positive effect of SEO on the liver maintenance of
fish exposed to toxins due to its antioxidant activity. Numer-
ous studies have shown that the chemical composition of
summer savory contains high amounts of carvacrol along
with other phenolic compounds, flavonoids, triterpenoids,
steroids, and tannins (Farsam et al. 2004). Therefore, it has
been stated that savory has effective antioxidant properties.

The MDA content is evaluated as an indicator of lipid
peroxidation in fish blood plasma (Yousefi et al. 2021b),
which increased in pretilachlor herbicide treatments in the
present study and decreased with the addition of SEO to
the treatments. In line with the decrease in MDA content,
the activity of SOD and GPy antioxidant enzymes in SEO-
containing treatments increased compared to the control
and treatments containing pretilachlor herbicide. The ben-
zene ring and electron resonance in phenolic compounds
of savory can trap free radicals and prevent the continua-
tion of chain reactions and the production of free radicals
(Farahi et al. 2012; Roby et al. 2013). Similarly, such results
were reported for MDA and other antioxidant enzymes in
the study of the effect of marjoram (from the Labiatae fam-
ily) on common carp (Yousefi et al. 2021b), Shirazi thyme
(Zataria multiflora) on rainbow trout (Mirghaed et al. 2020),
and oregano (Origanum vulgare) on common carp (Abdel-
Latif et al. 2020#x002C;b).

The lysozyme is one of the most important components
of the fish’s innate immune system, which destroys the bac-
terial wall, activates complement, and increases phagocytic
activity (Sakai 1999; Saurabh and Sahoo 2008). Increased
serum lysozyme activity indicates an improvement in the
immune status of fish and its increase helps the immune
system of fish perform better against infectious and patho-
genic agents (Ringe et al. 2012). Here, the lysozyme levels
decreased in treatments containing pretilachlor herbicide
and showed a significant difference compared to the con-
trol group, but lysozyme levels increased with the addition
of SEO which seems to be due to the stimulatory ability
of active ingredients of SEO (gamma-Terpinene and carva-
crol). Therefore, this practice shows that SEO increases the
level of immunity and resistance of common carp exposed
to the pretilachlor herbicide. These results were consistent
with the study of Khansari et al. (2013) who evaluated the
effect of Khuzestani savory on the parameters of immunity
and hematology in the common carp.

The complement system is a collection of more than
35 types of serum proteins that are very closely related
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and controlled by each other and other molecules of the
immune system (Sunyer et al. 1997). The most important
task of this system is to destroy microorganisms through
phagocytic processes, inflammatory reactions, clearance of
immune complexes, induction, and improvement of anti-
body responses (Mauri et al. 2011). In the present study, the
highest values of complement system factors were observed
in the treatment containing SEO and showed a significant
difference from the control group. Changes in serum com-
plement are very important in protecting the ability of the
nonspecific immune system of fish, and high levels of com-
plement indicate the health of the fish (Yano 1992). Other
studies have shown the hat consumption of peppermint
stimulated the activity of complement system components
in rainbow trout (Adel et al. 2015). The ACHj activity and
total Ig level as indicators of immune status may be sup-
pressed in fish exposed to toxins (Wang et al. 2014; Shari-
fian et al. 2015). Here, the total Ig level decreased in fish
exposed to pretilachlor herbicide compared to the control
group but increased in the SEO-containing group. Hoseini
and Yousefi (2019) investigated the effect of thyme (Thymus
vulgaris) extract on rainbow trout and reported a significant
increase in the lysozyme, ACHj, and total Ig levels.

It has been reported that the efficacy of the herbal extract
on biological performance in aquatic animals can be sex
(Ghosal et al. 2021), and age (Mulero et al. 1998) dependent
which is not investigated in our study and it could be a topic
of interest for future investigations.

Conclusions

To conclude, the results of this study demonstrated that the
addition of summer savory (Satureja hortensis) essential oil
to the diets of common carp in exposure to stressful con-
ditions and toxin-induced contamination improved diges-
tion and absorption of nutrients, promoted better growth,
increased antioxidant capacity and boosted the immune
system.
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