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Simple Summary: Obtaining superior eggs and larvae is the first stage toward sustainable aqua-
culture. The production of aquatic animal larvae is frequently obstructed by high death rates, and
water-soluble stimulants are suggested to be more effective in the early stages, e.g., eggs and yolk
larvae stage. A limited number of studies exist on the use of coenzyme Q10 (CoQ10) in aquaculture,
particularly as a dietary supplement, and to the authors” knowledge, there are insufficient studies
on the application of CoQ10 as a water treatment. Therefore, this study attempted to evaluate the
possible impacts of the exposure of red tilapia eggs to CoQ10 in hatching water.

Abstract: Red tilapia eggs one day post fertilization (dpf) were exposed to coenzyme Q10 (CoQ10) at
rates of 0, 5, and 10 mg/L for control, treatment 2 (C5), and treatment 3 (C10), respectively, without
exchanging water and until the larval mouth-opening stage. Fertilized eggs of red tilapia exposed to
different concentrations of CoQ10 were hatched at rates (p > 0.05) between 38 to 54.67%. The yolk-sac
diameter at the 2nd day post hatching (dph), ranged from 1.85 to 1.87 mm in depth and 1.63 to 1.88 mm
in width and was not altered by the CoQ10 treatments. Similarly, red tilapia survival (p > 0.05) ranged
from 22.67 to 32%. On 6 dph, a slight percentage (2.08%) of survived fishes exposed to high CoQ10 dose
(C10) exhibited larval deformation in the form of an axial curvature of the spine in the abdominal and
caudal region. Larvae displayed a normal structure of the esophagus folds in all fish groups, and larvae
in the C5 group displayed the longest folds and widest muscularis layer, followed by fishes in the C10
group and the control. Red tilapia fry on 30 dph treated with CoQ10 possessed higher antioxidant
potentials in terms of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx)
compared to the control. In conclusion, treating Red tilapia fertile eggs with 5 mg/L CoQ10 improves
the growth, gut structure, and antioxidant efficiency of the produced larvae.

Keywords: CoQ10; Red tilapia; larvae; antioxidants; gut histology

1. Introduction

With the recent population growth, a steady and durable source of high-quality
protein has become vital, and aquaculture is seen as a reasonable answer for closing the
gap between production and human consumption as well as restocking and conserving
overfished stocks and threatened fish species [1,2]. Since the 1970s, aquaculture has made a
substantial contribution to the production of seafood; nonetheless, the aquaculture business
confronts several obstacles [3-5]. As extensive aquaculture grows, negative impacts and
stressful conditions on fish and aquatic systems, such as larval death, pathogens outbreak,
and water pollution, become increasingly common [6,7].
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The success of aquaculture operations is controlled by different interconnected aspects,
such as the cultured stock, which begins with larvae, and the aquatic environment. Ob-
taining superior eggs and larvae is the first stage toward sustainable aquaculture [8-10].
The production of fish larvae is frequently hampered by high death rates, which might be
triggered by pathogens or environmental issues [10,11]. Aquatic species have a natural
survival level of less than 1% until maturity, with substantial mortality rates in the early
stages [12]. The embryo stage, the freshly hatched pre-feeding stage (yolk-feeding larvae),
and the juvenile metamorphosis are all part of this vital phase [13]. Bacteria and fungi settle
on the surface of fish eggs, and yolk-feeding larvae are vulnerable to this biofilm while
their organs and functions are developing [10]. Altering feed is a key verified practice to
modulate the growth and immune response of fry in the exogenous feeding stage but is
not applicable in the early stages [14,15].

Water-soluble stimulants are suggested to be more effective in the early stages, e.g., eggs
and yolk larvae stage [14,16]. Antibiotics have been used for centuries as remedies, growth
promoters, and health stimulants, but due to widespread misuse and consequences, antibiotics
have been outlawed in many countries [17]. Antibiotics and other synthetic compounds are
progressively being substituted with environmentally acceptable alternatives [18-20].

Coenzyme Q10 (CoQ10), also known as ubiquinone or a super-vitamin (vitamin Q),
is a potential candidate found normally in the biological system in most cells, where it is
involved in the electron transport chain (ETC), ATP generation, and regenerated vitamin E,
and it also has ability as an antioxidant [21-25]. Because CoQ10 is produced in inadequate
quantities in the body, particularly during times of stress, it must be acquired from an
external source [26]. Currently, there are many commercial CoQ10 products available,
including both water- or lipid-soluble forms [21,27]. An insufficient number of studies exist
on the use of CoQ10 in aquaculture, particularly as a dietary supplement [27,28], and to the
authors” knowledge, there are insufficient studies on the application of CoQ10 as a water
treatment. Therefore, this study attempted to evaluate the possible impacts of the exposure
of red tilapia eggs to CoQ10 in hatching water.

2. Materials and Methods
2.1. Broodstock and Eggs Maintenance

Red tilapia (Oreochromis aureus x Oreochromis mossambicus) eggs were from carefully
selected broodstock in a ratio of 1 male:3 females [29,30] with an average standard length
and weight of 15 & 2 cm and 120 £ 10 g, respectively, using the natural spawning in a
governmental aquaculture facility in finfish hatchery (GAFRD, west Alexandria, Egypt).
Fertilized eggs at the late gastrula and pro-organogenesis stages were shifted from the
broodstock mouth to transportation jars following a second repetitive cleaning with fresh
water to remove any impurities. Non-fertilized, asymmetrical, vesicle-containing, or
damaged eggs were removed. Immediately after arrival, eggs were placed in a semi-
static glass aquaria system with 1 L of filtered saltwater, which was diluted at a rate of
5 ppt/h with de-chlorinated tap water until salinity reached 15 ppt with a pH of 7 while
maintaining oxygen saturated (dissolved oxygen, DO = 6.87 & 0.06 mg/L) by continuous
aeration at room temperature. To avoid metabolic waste contamination, aquarium water
was replenished every 24 h.

2.2. Experimental Exposure of Fertilized Eggs to CoQ10

Healthy, viable, fertilized eggs one day post fertilization (dpf) were placed in 5 L plastic
jars (salinity = 15 ppt and pH = 7) at a rate of 20 eggs/L and implemented in triplicate for
each treatment. During the treatment phase (3—4 days), CoQ10 (water-soluble CoQ10-BULK
SUPPLEMENTS.COM ®) was dissolved in eggs’ hatching brackish water at rates of 0, 5,
and 10 mg/L for control, treatment 2 (C5), and treatment 3 (C10), respectively, without
exchanging water and until the larval mouth-opening stage (3 £ 1 dpf). The employed
CoQ10 doses were suggested based on the previous work of Pasha and Moon [31]. Proper
aeration was provided using air stones to prevent the eggs from collapsing at the bottom of
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the experimental jars. All of the tanks with embryos were kept at a constant temperature,
salinity, dissolved oxygen, and photoperiod (28 °C, 15 ppt, 6.87 £ 0.06 mg/L, and a
10 h/14 h dark/light cycle, respectively) until hatching. Daily embryo and larvae mortalities
were recorded, and the hatchability rate was estimated using the following equation:

Hatchability % = (No. of hatched eggs/No. of fertile eggs) x 100

The larvae were relocated to 20 L tanks once the larvae began exogenous feeding
(3—4 dph) under the same controlled conditions without CoQ10 supplements. Following
the treatment phase, all fish groups were given a commercial diet (58% CP: O.RANGE-
INVE AQUACULTURE INC.) for 15 days, then another diet (48% CP: Nutra 0 Tilapia
Feed-Skretting ®) for the same period until the experiment’s conclusion at 30 days post
hatching (dph).

2.3. Growth Metrics

Standard length (Ls) and yolk sac diameter (depth and width) were determined using
a stereomicroscope (OPTIKA, ISC366- Optika IS view, Ponteranica, Italy) and digitally
photographed at a magnification of 0.7 with an Optika digital camera delivered with the
analytic digital program Optika Vision Lite V.2.12 software. Survival rate was assessed
using the following equation:

Survival rate (SR%) = (No. of survived larvae at 30 dph/No. of fertile eggs) x 100

2.4. Histological and Morphometric Analysis

Larvae were sampled at random (1 = 3/tank) and fixed in 4% formalin, then de-
hydrated in a sorted ethanol sequence and embedded in paraffin. Slices were taken at
5 um and stained with hematoxylin-eosin (H&E). Histological assessment was performed
using light microscopy (LEICA, Leica Microsystems AG, Wetzlar, Germany) and digitally
photographed at a magnification of 40x and 100x with Leica digital camera model D-LUX
and administered using the Image]J V.1.48 software.

2.5. Antioxidant Potential

Whole larval fish samples were homogenized in iced NaCl (0.86%) and centrifugated
at 4 °C, 12000 rpm, for 15 min. The resulting supernatants were collected for colorimetric
measurement of superoxide dismutase (SOD), catalase (CAT), and total glutathione peroxi-
dase (GPx) at 550, 280, and 412 nm using a commercial detection kit (JianCheng, Nanjing,
China) according to the factory protocol.

2.6. Statistical Analysis

Statistical evaluation of data (Means + S.D. n = 3) was performed, plotted, and
calculated by SPSS (Ver. 22, SPSS Inc., Chicago, IL, USA) following one-way ANOVA
including the effect of coenzyme Q10 level. The normality and homogeneity of data were
evaluated by Shapiro-Wilk and Levene tests, and means were checked for significance
using the LSD test, and the level of significant difference was set at p < 0.05.

3. Results
3.1. Hatchability Rate, Growth Development, and Malformation Interpretation

Fertilized eggs of red tilapia (Figure 1a) exposed to different concentrations of CoQ10
were hatched at rates between 38 to 54.67% (Table 1). Eggs exposed to the high concen-
tration of CoQ10 (C10) had an insignificant (p > 0.05) rise in the hatchability rate. The
hatched larvae were loaded with a large valium of yolk sac out of its abdomen area that
grants its endogenous feeding during the unopened-mouth larval phase (Figure 1b,c). The
absorbance speed of the larval yolk sac was reflected in the larval development, in which
the yolk-sac diameter (depth and width) was decreased with aging and increasing larval
length. On the 1st day post hatch (1 dph), the yolk-sac width was significantly (p < 0.05)
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decreased with larval exposure to a low concentration of CoQ10 (C5) (Table 1). The yolk-sac
diameter at 2nd dph (Figure 1d) ranged from 1.85 to 1.87 mm in depth and 1.63 to 1.88 mm
in width and was not altered by the CoQ10 treatments.

il

Figure 1. Morphological development of red tilapia (Scale bar 1 mm). (a) Egg; (b) 0 dph; (c) 1st dph;
(d) 2nd dph; (e) 6th dph (malformation appeared in C10 group); (f-h) 30 dph red tilapia fry of the
control, C5, and C10 groups, respectively.

Table 1. Hatchability rate (%) and yolk-sac diameter (mm) (depth and width) of red tilapia larvae
exposed to CoQ10 (0, 5, and 10 mg/L), during the first and second day post hatch (dph).

Yolk-Sac Diameter (mm)

Treatments. Hatchability % 1dph 2 dph
Depth (mm) Width (mm) Depth (mm) Width (mm)
Control 38.00 + 15.88 1.73 £0.15 1.94+0.142 1.86 & 0.08 1.88 £ 0.23
C5 39.33 £ 6.11 1.72 £ 0.06 1.74 + 0.04° 1.85+0.13 1.79 £ 0.15
C10 54.67 + 11.55 1.63 + 0.07 1.77 +0.09 2 1.87 £0.25 1.63 +0.07

Means in the same column donated different superscripts are different (p < 0.05). Values are Means + SD. dph,
days post hatch.

Red tilapia survival ranged from 22.67 to 32% and was unaffected by CoQ10 exposure
(Table 2). On 6 dph, a slight percentage (2.08%) of survived fishes exposed to a high CoQ10
dose (C10) exhibited larval deformation in the form of an axial curvature of the spine in the
abdominal and caudal region. The curvatures were accompanied by a slight deformation
of the yolk sac (Figure 1e). At 30 dph, fishes in the C5 group displayed higher final weight
and total length than those in the C10 group, while no noticeable variations existed when
compared to the control group (Table 2, Figure 1f-h).

3.2. Histological Assessment

Histological examination showed a normal structure of the esophagus folds in all fish
groups (Figure 2). The morphometric measurement of the esophagus folds demonstrated
significant (p < 0.05) alterations in the length of the folds and thickness of the muscularis
layer in all experimental groups. Fishes in the C5 group displayed the longest folds
and widest muscularis layer, followed by fishes in the C10 group and the control. The
histological examination of the stomach, intestine, and liver of red tilapia fish revealed a
normal structure of epithelial cells in the lamina propria and submucosal layer with no
sign of any inflammation (Figure 3).
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Table 2. Standard length (SL) (mm), final total length (FTL) (mm), final weight (g), and survival rate
(SR%) of red tilapia exposed to CoQ10 (0, 5, and 10 mg/L).

SL (mm) Final Weigh
ght o Deformed
Treatments 1 dph 2 dph 6 dph 30 dph FTL (mm) 30 dph (g) SR% Fish%
Control 513+0.152 542+ 056 7.22+0.04 2311 + 1.84 2 30.00 + 2.03 2P 0.59 +0.06 2 23.33 +7.02 -
C5 496 +0.192 559+024 7.03+0.33 2533 +1.332 32.67 £1.332 0.53 + 0.06 2P 22.67 £ 11.02 -
C10 479 +0.02° 553+0.09 7.39+0.80 21.78 £1.35b 28.00 + 0.88 P 0.46 + 0.02° 32.00 £ 2.00 2.08 +0.29

Means in the same column with different letters are different (p < 0.05). Values are Means =+ SD. dph, days post
hatch; Deformed fish%, the percentage of malformations was calculated from live or survived fish%.

T = a
£ b £ .
£04 4 ¢ £ 01 -
) B
- : c
302 - 50.05 -
o 3
g
0 - 0 -
Control Cc5 Cc10 Control c5 Cc10
(8) (h)

Figure 2. Histological variations (a—f) in the esophagus folds among trial groups. (a,b) Control;
(c,d) C5; (e,f) C10 showing normal esophagus folds in all groups. Photos (b,d,f) are a magnification
of (a,c,e), respectively (H&E staining, scale bar; 0.1 mm). Histograms (g,h) illustrate the variations in
red tilapia esophagus folds length (g) and muscularis width (h) among the different experimental
groups. Means with different letters are different.



Animals 2022, 12, 2219 6 of 10

Control

Figure 3. Histological sections show a normal structure of (a) liver and (b) intestine of red tilapia fish
(H&E staining).

3.3. Antioxidant Capacity

Figure 4 shows the antioxidants potentials in red tilapia fry on 30 dph. Fishes treated
with CoQ10 possessed higher antioxidant potentials in terms of SOD, CAT, and GPx
compared to the control.

(a)
18 a
16 a
=}
b 14
212
~
%u 10
= b
S 8
8 6
. 4
2
0
Control C5 C10
(b)
0.35
5 030 a 2
2025
~
%n 0.20
= 0.15
B b
:‘ 0.10
S 0.0s -
0.00
Control C5 C10
(c)
5 a
E 4 a
2
&3
on
E
D52 b
&
0
Control C5 C10

Figure 4. Antioxidant’s potential in red tilapia fry (30 dph). (a) Superoxide dismutase (SOD);
(b) catalase (CAT); (c) glutathione peroxidase (GPx). Means with different letters are different.
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4. Discussion

Starting with high-quality eggs and larvae is one of the pillars of aquaculture sus-
tainability [8-10]. Substantial mortality rates (more than 99 percent until maturity) thwart
the production of fish larvae in the early stages, which could be caused by pathogens or
environmental causes [10,11]. One of the most effective practices to obtain good-quality
larvae is to treat embryos or fertilize eggs [32]. Eco-friendly natural techniques have drawn
researchers’ interest as viable and effective alternatives to antibiotics [33-36]. Coenzyme
Q10 (CoQ10) or ubiquinone is one probable model present naturally in the biological
system and most cells with antioxidant potentials [24,25,37-39].

Results of hatchability rate (%) and yolk-sac diameter (depth and width, mm) of
red tilapia larvae (Table 1) show no alteration in response to CoQ10 exposure, which
reflects no alterations in the integrity of eggs or the development of embryos under the
conditions of the trial. Previous studies indicate a change in hatching rate with the addition
of antioxidants manifesting both positively [32] and negatively [40]. The difference in the
results may be attributed to the difference in the experiment factors, such as the type and
concentration of the antioxidant used and the quality of water.

Growth development results show a higher final weight and total length in the C5 group
(Table 2), which decreased with minor deformation % in the C10 group (Figure 1e), and this
may be linked to the hypercatabolic impact of CoQ10 at a high level for energy production.
In this context, CoQ10's function in the Krebs cycle makes it a critical piece of carbohydrate,
protein, and lipid metabolism [21-23]. Furthermore, the indirect impact of CoQ10 on hormones
function (insulin, glucagon, and cortisone) and/or vitamin E re-generation assists in altering
the metabolic rate [24,25,37,38,41]. Changes in the histological composition of the gut support
the overgrowth in the C5. The enhanced structure in CoQ10 groups may be associated with
the anti-inflammatory merits of CoQ10 [42]. El Basuini et al. [28] linked enhanced growth with
dietary CoQ10 supplements to the promoted digestive enzymes.

On the other hand, the negative effects of a high CoQ10 treatment (C10) could be the
result of an imbalanced metabolism. According to this viewpoint, CoQ10’s pro-oxidant
effects were reported at high doses [25]. In addition, the exogenous administration of
CoQ10 at a high level may also have an impact on the structure and function of the liver
due to the medication side effect on the liver brought on by excessive CoQ10 uptake that
exceeds the capacity of adaptive response [43]. Furthermore, uptaking more CoQ10 can
lead to more vitamin E being available, which could have undesirable effects, particularly
during the fish’s sensitive early stages. In this line, Hamre et al. [44] reported that high
levels of vitamin E have been demonstrated to stimulate mortality and tissue lipid oxidation
in marine fish larvae when there is inadequate vitamin C. Similarly, El Kertaoui et al. [45]
and Hamre [46] reported that high amounts of vitamin E may serve as pro-oxidants.

The immune system and the antioxidant defense system of fish are inextricably in-
tertwined [47]. The imbalance between the synthesis and disposal of reactive oxygen
species triggers oxidative stress [48]. As key components of the antioxidant defense system,
SOD, CAT, and GPx perform essential functions in eliminating excessive ROS [49,50]. The
current data on antioxidant capacity in red tilapia reveal an improvement with CoQ10
treatments (C5 and C10), and this may be attributed to the intensity of CoQ10 in scavenging
free radicals. Similar improvements in antioxidants have been previously reported with
CoQ10 [24,25,37,38].

5. Conclusions

In conclusion, treating red tilapia fertile eggs with 5 mg/L CoQ10 improves the growth,
intestinal structure, and antioxidant efficiency of the produced larvae. The current study’s
findings support the use of CoQ10 in the hatching water in promoting the growth and
well-being of the produced larvae, but they also raise the prospect of its inclusion in the
diet of larvae throughout the weaning stage. Further studies on molecular reactions to
environmental stimuli are crucial for the production of aquatic animals, particularly during
the early phases.



Animals 2022, 12,2219 8 of 10

Author Contributions: Conceptualization, M.M.M., S.A.S., LTE.-R. and M.FE.B.; data curation,
MMM, S.AS,, IL.TE.-R. and M.EE.B.; formal analysis, M.M.M., S.A.S. and M.EE.B.; funding acqui-
sition, M.M.M.; S.A.S., LT.E.-R. and M.EE.B.; methodology, MM.M,, S.A.S., LTE.-R. and M.EE.B.;
project administration, M.MM., S.A.S. and M.EE.B.; resources, M.M.M., S.A.S. and M.EE.B.; super-
vision, M.EE.B.; validation, M.M.M.,, S.A.S., LT.E.-R. and M.EE.B,; visualization, M.EE.B.; writing—
original draft, M.M.M. and M.EE.B.; writing—review & editing, M.EE.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Rules of animal experimentation and care in the Faculty of
Agriculture, Tanta University (Approval No. AY2019-2020/ Session 6/2020.01.13) were applied in
this present study.

Data Availability Statement: The datasets generated during and analyzed during the current study
are available from the corresponding author on reasonable request.

Acknowledgments: The authors express their thanks to the departments of animal production at
Tanta University and Alexandria University, Egypt.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

0O ® N

11.

12.

13.

14.
15.

16.

17.

18.

Zaki, M.A.A.; Alabssawy, A.N.; Nour, A.E.-A.M.; El Basuini, M.E; Dawood, M.A.O.; Alkahtani, S.; Abdel-Daim, M.M. The impact
of stocking density and dietary carbon sources on the growth, oxidative status and stress markers of Nile tilapia (Oreochromis
niloticus) reared under biofloc conditions. Aquac. Rep. 2020, 16, 100282. [CrossRef]

Cémara-Ruiz, M.; Santo, C.E.; Gessner, J.; Wuertz, S. How to improve foraging efficiency for restocking measures of juvenile
Baltic sturgeon (Acipenser oxyrinchus). Aquaculture 2019, 502, 12-17. [CrossRef]

Bentzon-Tilia, M.; Sonnenschein, E.C.; Gram, L. Monitoring and managing microbes in aquaculture—Towards a sustainable
industry. Microb. Biotechnol. 2016, 9, 576-584. [CrossRef]

Hannon, C.; Officer, R.A.; Le Dorven, J. Review of the technical challenges facing aquaculture of the European abalone Haliotis
tuberculata in Ireland. Aquac. Int. 2013, 21, 243-254. [CrossRef]

Naylor, R.L.; Hardy, R W.,; Buschmann, A.H.; Bush, S.R.; Cao, L.; Klinger, D.H; Little, D.C.; Lubchenco, J.; Shumway, S.E.; Troell,
M. A 20-year retrospective review of global aquaculture. Nature 2021, 591, 551-563. [CrossRef] [PubMed]

Mohapatra, S.; Chakraborty, T.; Kumar, V.; DeBoeck, G.; Mohanta, K.N. Aquaculture and stress management: A review of
probiotic intervention. J. Anim. Physiol. Anim. Nutr. 2013, 97, 405-430. [CrossRef] [PubMed]

Wang, Y.-B.; Li, J.-R.; Lin, J. Probiotics in aquaculture: Challenges and outlook. Aquaculture 2008, 281, 1-4. [CrossRef]

Bobe, J. Egg quality in fish: Present and future challenges. Anim. Front. 2015, 5, 66-72. [CrossRef]

Olafsen, J.A. Interactions between fish larvae and bacteria in marine aquaculture. Aquaculture 2001, 200, 223-247. [CrossRef]
Lieke, T.; Steinberg, C.E.W.,; Bittmann, S.; Behrens, S.; Hoseinifar, S.H.; Meinelt, T.; Knopf, K.; Kloas, W. Fulvic acid accelerates
hatching and stimulates antioxidative protection and the innate immune response in zebrafish larvae. Sci. Total Environ. 2021,
796, 148780. [CrossRef]

Teiba, I.; Okunishi, S.; Yoshikawa, T.; Ikenaga, M.; Fouad El Basuini, M.; Mae S Santander-De Leon, S.; Maeda, H. Use of
Purple Non-Sulfur Photosynthetic Bacteria (Rhodobacter sphaeroides) in Promoting Ciliated Protozoa Growth. Biocontrol Sci. 2020,
25,81-89. [CrossRef] [PubMed]

Vadstein, O.; Bergh, O.; Gatesoupe, F.-J.; Galindo-Villegas, J.; Mulero, V.; Picchietti, S.; Scapigliati, G.; Makridis, P.; Olsen, Y.;
Dierckens, K.; et al. Microbiology and immunology of fish larvae. Rev. Aquac. 2013, 5, S1-525. [CrossRef]

McCasker, N.; Humpbhries, P.; Meredith, S.; Klomp, N. Contrasting Patterns of Larval Mortality in Two Sympatric Riverine Fish
Species: A Test of the Critical Period Hypothesis. PLoS ONE 2014, 9, e109317.

Bricknell, I; Dalmo, R.A. The use of immunostimulants in fish larval aquaculture. Fish Shellfish Immunol. 2005, 19, 457-472. [CrossRef]
Zhang, Z.; Chi, H.; Dalmo, R.A. Trained Innate Immunity of Fish Is a Viable Approach in Larval Aquaculture. Front. Immunol.
2019, 10, 42. [CrossRef]

Opyarbide, U.; Rainieri, S.; Pardo, M.A. Zebrafish (Danio rerio) Larvae as a System to Test the Efficacy of Polysaccharides as
Immunostimulants. Zebrafish 2012, 9, 74-84. [CrossRef]

Schar, D.; Zhao, C.; Wang, Y.; Larsson, D.G.J.; Gilbert, M.; Van Boeckel, T.P. Twenty-year trends in antimicrobial resistance from
aquaculture and fisheries in Asia. Nat. Commun. 2021, 12, 5384. [CrossRef]

Gewaily, M.S.; Abdo, S.E.; Moustafa, E.M.; AbdEl-kader, M.F.,; Abd El-Razek, L M.; El-Sharnouby, M.; Alkafafy, M.; Raza, S.H.;
El Basuini, M.E; Van Doan, H.; et al. Dietary Synbiotics Can Help Relieve the Impacts of Deltamethrin Toxicity of Nile Tilapia
Reared at Low Temperatures. Animals 2021, 11, 1790. [CrossRef]


http://doi.org/10.1016/j.aqrep.2020.100282
http://doi.org/10.1016/j.aquaculture.2018.12.021
http://doi.org/10.1111/1751-7915.12392
http://doi.org/10.1007/s10499-012-9584-7
http://doi.org/10.1038/s41586-021-03308-6
http://www.ncbi.nlm.nih.gov/pubmed/33762770
http://doi.org/10.1111/j.1439-0396.2012.01301.x
http://www.ncbi.nlm.nih.gov/pubmed/22512693
http://doi.org/10.1016/j.aquaculture.2008.06.002
http://doi.org/10.2527/af.2015-0010
http://doi.org/10.1016/S0044-8486(01)00702-5
http://doi.org/10.1016/j.scitotenv.2021.148780
http://doi.org/10.4265/bio.25.81
http://www.ncbi.nlm.nih.gov/pubmed/32507794
http://doi.org/10.1111/j.1753-5131.2012.01082.x
http://doi.org/10.1016/j.fsi.2005.03.008
http://doi.org/10.3389/fimmu.2019.00042
http://doi.org/10.1089/zeb.2011.0724
http://doi.org/10.1038/s41467-021-25655-8
http://doi.org/10.3390/ani11061790

Animals 2022, 12,2219 90of 10

19.

20.

21.
22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Dossou, S.; Dawood, M.A.O.; Zaineldin, A.L; Abouelsaad, I.A.; Mzengereza, K.; Shadrack, R.S.; Zhang, Y.; El-Sharnouby, M.;
Ahmed, H.A_; El Basuini, M.F. Dynamical Hybrid System for Optimizing and Controlling Efficacy of Plant-Based Protein in
Aquafeeds. Complexity 2021, 2021, 9957723. [CrossRef]

Paray, B.A.; El-Basuini, M.E; Alagawany, M.; Albeshr, M.F,; Farah, M.A.; Dawood, M.A.O. Yucca schidigera Usage for Healthy
Aquatic Animals: Potential Roles for Sustainability. Animals 2021, 11, 93. [CrossRef]

Shukla, S.; Dubey, K.K. CoQ10 a super-vitamin: Review on application and biosynthesis. 3 Biotech 2018, 8, 249. [CrossRef]
Klingen, A.R.; Palsdottir, H.; Hunte, C.; Ullmann, G.M. Redox-linked protonation state changes in cytochrome bcl identified by
Poisson-Boltzmann electrostatics calculations. Biochim. Biophys. Acta—Bioenerg. 2007, 1767, 204-221. [CrossRef]

Lenaz, G,; Fato, R.; Formiggini, G.; Genova, M.L. The role of Coenzyme Q in mitochondrial electron transport. Mitochondrion
2007, 7, S8-S33. [CrossRef]

Bentinger, M.; Brismar, K.; Dallner, G. The antioxidant role of coenzyme Q. Mitochondrion 2007, 7, S41-550. [CrossRef]

Linnane, A.W.; Kios, M.; Vitetta, L. Coenzyme Q10—Its role as a prooxidant in the formation of superoxide anion/hydrogen
peroxide and the regulation of the metabolome. Mitochondrion 2007, 7, S51-S61. [CrossRef]

Hernandez-Camacho, ].D.; Bernier, M.; Lopez-Lluch, G.; Navas, P. Coenzyme Q10 Supplementation in Aging and Disease. Front.
Physiol. 2018, 9, 44. [CrossRef]

El Basuini, M.E; Teiba, L.I.; Zaki, M.A.A.; Alabssawy, A.N.; El-Hais, A.M.; Gabr, A.A.; Dawood, M.A.O.; Zaineldin, A.L;
Mzengereza, K.; Shadrack, R.S.; et al. Assessing the effectiveness of CoQ10 dietary supplementation on growth performance,
digestive enzymes, blood health, immune response, and oxidative-related genes expression of Nile tilapia (Oreochromis niloticus).
Fish Shellfish Immunol. 2020, 98, 420-428. [CrossRef]

El Basuini, M.E,; Shahin, S.A.; Teiba, 1.I.; Zaki, M.A.A.; El-Hais, A.M.; Sewilam, H.; Almeer, R.; Abdelkhalek, N.; Dawood, M.A.O.
The influence of dietary coenzyme Q10 and vitamin C on the growth rate, immunity, oxidative-related genes, and the resistance
against Streptococcus agalactiae of Nile tilapia (Oreochromis niloticus). Aquaculture 2021, 531, 735862. [CrossRef]

Desprez, D.; Briand, C.; Hoareau, M.C.; Mélard, C.; Bosc, P; Baroiller, J.F. Study of sex ratio in progeny of a complex Oreochromis
hybrid, the Florida red tilapia. Aquaculture 2006, 251, 231-237. [CrossRef]

Muntaziana, M.P.A.; Rahim, A.A.; Harmin, S.A.; Amin, S.M.N. Effect of Broodfish Sex Ratio on Seed Production of Red Tilapia in
Suspended Hapa. J. Fish. Aquat. Sci. 2011, 6, 862-866. [CrossRef]

Pasha, R.; Moon, T.W. Coenzyme Q10 protects against statin-induced myotoxicity in zebrafish larvae (Danio rerio). Environ. Toxicol.
Pharmacol. 2017, 52, 150-160. [CrossRef]

Francis, S.; Delgoda, R.; Young, R. Effects of embryonic exposure to $a$-lipoic acid or ascorbic acid on hatching rate and
development of zebrafish (Danio rerio). Aquac. Res. 2012, 43, 777-788. [CrossRef]

Defoirdt, T.; Sorgeloos, P.; Bossier, P. Alternatives to antibiotics for the control of bacterial disease in aquaculture. Curr. Opin.
Microbiol. 2011, 14, 251-258. [CrossRef] [PubMed]

Romero, J.; Gloria, C.; Navarrete, P. Antibiotics in Aquaculture—Use, Abuse and Alternatives. In Health and Environment in
Aquaculture; InTech: Vienna, Austria, 2012.

Capkin, E.; Ozcelep, T.; Kayis, S.; Altinok, I. Antimicrobial agents, triclosan, chloroxylenol, methylisothiazolinone and borax, used
in cleaning had genotoxic and histopathologic effects on rainbow trout. Chemosphere 2017, 182, 720-729. [CrossRef] [PubMed]
Dossou, S.; Koshio, S.; Ishikawa, M.; Yokoyama, S.; Dawood, M.A.O.; El Basuini, M.E; Olivier, A.; Zaineldin, A.I. Growth
performance, blood health, antioxidant status and immune response in red sea bream (Pagrus major) fed Aspergillus oryzae
fermented rapeseed meal (RM-Koji). Fish Shellfish Immunol. 2018, 75, 253-262. [CrossRef]

Yoshida, Y.; Hayakawa, M.; Habuchi, Y.; Niki, E. Evaluation of the dietary effects of coenzyme Q in vivo by the oxidative stress
marker, hydroxyoctadecadienoic acid and its stereoisomer ratio. Biochim. Biophys. Acta—Gen. Subj. 2006, 1760, 1558-1568.
[CrossRef] [PubMed]

Martin, S.; Buron, I.; Espinosa, J.; Castilla, J.; Villalba, J.; Torres, ]. Coenzyme Q and protein/lipid oxidation in a BSE-infected
transgenic mouse model. Free Radic. Biol. Med. 2007, 42, 1723-1729. [CrossRef] [PubMed]

Nepal, PR.; Han, H.-K.; Choi, H.-K. Enhancement of solubility and dissolution of Coenzyme Q10 using solid dispersion
formulation. Int. . Pharm. 2010, 383, 147-153. [CrossRef]

Falahatkar, B.; Dabrowski, K.; Arslan, M.; Rinchard, ]J. Effects of ascorbic acid enrichment by immersion of rainbow trout
(Oncorhynchus mykiss, Walbaum 1792) eggs and embryos. Aquac. Res. 2006, 37, 834-841. [CrossRef]

Henriksen, J.E.; Andersen, C.B.; Hother-Nielsen, O.; Vaag, A.; Mortensen, S.A.; Beck-Nielsen, H. Impact of ubiquinone (coenzyme
Q10) treatment on glycaemic control, insulin requirement and well-being in patients with type I diabetes mellitus. Diabet. Med.
1999, 16, 312-318. [CrossRef]

Schmelzer, C.; Lindner, I.; Rimbach, G.; Niklowitz, P.; Menke, T.; Doring, F. Functions of coenzyme Q10 in inflammation and gene
expression. Biofactors 2008, 32, 179-183. [CrossRef] [PubMed]

Gutierrez-Mariscal, EM.; Yubero-Serrano, E.M.; Villalba, ].M.; Lopez-Miranda, J. Coenzyme Q 10: From bench to clinic in aging
diseases, a translational review. Crit. Rev. Food Sci. Nutr. 2019, 59, 2240-2257. [CrossRef] [PubMed]

Hamre, K.; Krossey, C.; Lock, E.-J.; Moren, M. Roles of lipid-soluble vitamins during ontogeny of marine fish larvae. Aquac. Res.
2010, 41, 745-750. [CrossRef]


http://doi.org/10.1155/2021/9957723
http://doi.org/10.3390/ani11010093
http://doi.org/10.1007/s13205-018-1271-6
http://doi.org/10.1016/j.bbabio.2007.01.016
http://doi.org/10.1016/j.mito.2007.03.009
http://doi.org/10.1016/j.mito.2007.02.006
http://doi.org/10.1016/j.mito.2007.03.005
http://doi.org/10.3389/fphys.2018.00044
http://doi.org/10.1016/j.fsi.2020.01.052
http://doi.org/10.1016/j.aquaculture.2020.735862
http://doi.org/10.1016/j.aquaculture.2005.06.024
http://doi.org/10.3923/jfas.2011.862.866
http://doi.org/10.1016/j.etap.2017.03.021
http://doi.org/10.1111/j.1365-2109.2011.02889.x
http://doi.org/10.1016/j.mib.2011.03.004
http://www.ncbi.nlm.nih.gov/pubmed/21489864
http://doi.org/10.1016/j.chemosphere.2017.05.093
http://www.ncbi.nlm.nih.gov/pubmed/28531838
http://doi.org/10.1016/j.fsi.2018.01.032
http://doi.org/10.1016/j.bbagen.2006.06.007
http://www.ncbi.nlm.nih.gov/pubmed/16908102
http://doi.org/10.1016/j.freeradbiomed.2007.03.005
http://www.ncbi.nlm.nih.gov/pubmed/17462540
http://doi.org/10.1016/j.ijpharm.2009.09.031
http://doi.org/10.1111/j.1365-2109.2006.01504.x
http://doi.org/10.1046/j.1464-5491.1999.00064.x
http://doi.org/10.1002/biof.5520320121
http://www.ncbi.nlm.nih.gov/pubmed/19096114
http://doi.org/10.1080/10408398.2018.1442316
http://www.ncbi.nlm.nih.gov/pubmed/29451807
http://doi.org/10.1111/j.1365-2109.2009.02375.x

Animals 2022, 12, 2219 10 of 10

45.

46.

47.

48.

49.

50.

El Kertaoui, N.; Lund, I.; Assogba, H.; Dominguez, D.; Izquierdo, M.S.; Baekelandt, S.; Cornet, V.; Mandiki, S.N.M.; Montero, D.;
Kestemont, P. Key nutritional factors and interactions during larval development of pikeperch (Sander lucioperca). Sci. Rep. 2019,
9,7074. [CrossRef]

Hamre, K. Metabolism, interactions, requirements and functions of vitamin E in fish. Aquac. Nutr. 2011, 17, 98-115. [CrossRef]
El Basuini, M.E; El-Hais, A.M.; Dawood, M.A.O.; Abou-Zeid, A.E.S.; EL-Damrawy, S.Z.; Khalafalla, M.M.E.S.; Koshio, S.; Ishikawa,
M.; Dossou, S. Effect of different levels of dietary copper nanoparticles and copper sulfate on growth performance, blood biochemical
profiles, antioxidant status and immune response of red sea bream (Pagrus major). Aquaculture 2016, 455, 32—40. [CrossRef]
Dawood, M.A.O.; Koshio, S. Vitamin C supplementation to optimize growth, health and stress resistance in aquatic animals. Rev.
Aquac. 2018, 10, 334-350. [CrossRef]

Dawood, M.A.O.; Koshio, S.; Ishikawa, M.; Yokoyama, S. Effects of dietary inactivated Pediococcus pentosaceus on growth performance,
feed utilization and blood characteristics of red sea bream, Pagrus major juvenile. Aquac. Nutr. 2016, 22, 923-932. [CrossRef]

Dawood, M.A.O.; Magouz, FI.; Salem, M.EL; Abdel-daim, H.A. Modulation of digestive enzyme activity, blood health, oxidative
responses and growth-related gene expression in GIFT by heat-killed Lactobacillus plantarum ( L-137 ). Aquaculture 2019,
505, 127-136. [CrossRef]


http://doi.org/10.1038/s41598-019-43491-1
http://doi.org/10.1111/j.1365-2095.2010.00806.x
http://doi.org/10.1016/j.aquaculture.2016.01.007
http://doi.org/10.1111/raq.12163
http://doi.org/10.1111/anu.12314
http://doi.org/10.1016/j.aquaculture.2019.02.053

	Introduction 
	Materials and Methods 
	Broodstock and Eggs Maintenance 
	Experimental Exposure of Fertilized Eggs to CoQ10 
	Growth Metrics 
	Histological and Morphometric Analysis 
	Antioxidant Potential 
	Statistical Analysis 

	Results 
	Hatchability Rate, Growth Development, and Malformation Interpretation 
	Histological Assessment 
	Antioxidant Capacity 

	Discussion 
	Conclusions 
	References

