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Identification of Causitive and Upstream Genes Affecting Puberty in Trout Under Food
Deprivation
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Abstract

The aim of this study was o dentify upstream and causative genes on the sexoal puberty in trout. Foe this
purpose, DNA micromray with accession number GSE 126582 was extracted from the GEO. Afier normalization,
differentially expressed genes were identified. The WEBGSALT online tool was used to identify enriched gene
sets. Hub gene identification was performed using the Bnlearn software package. Network graphics were drawn
with Cytoscape and cavsative networks were defined with the Cyvtohubba app. Hub genes BRCAL, DCT, EDC3,
GUIALR, CFL2, CFD, MELTF, ZNF338, SEC24D, and PIPE were identified as hob and cansative genes on puberty
in trout. The results of this study showed that the BRCAY gene, which plays a role in the process of ribosome
biosynthesis during starvation reatoent, was identified as the most important upsteeam gene oo puberty, 1L is
suggested that biological validity of the mentioned genes. would be evaluated and confirmed by RT-PCR
laboratory studies,

Kevwords: Trout, puberty, DMA microarray, Bayesian network, Causative gene
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Main and combination effects of various levels of acidifier and synbiotic on the
performance traits of rainbow trout (Oncorhynchus mykiss)
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| Associate Professor, Department of Fisheries, Faculty of Natural Resources and Environment, Ferdowsi
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PhD Candidiate, Animal Science Department, Faculty of Agriculiure, Tarhian Modares University, Tehran, Iran
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* PhD in Poultry Nutrition, Ferdowsi University of Mashhad, Mashhad, Iran
*Corresponding author E-mail: * Azizaliabadi. faremeh @giail .com

Abstract

In order to investigate the effects of different levels of acidifier (001 and 0.2%) and synbiotic (005 and 0.1%)
on the growih performance indices of rainbow trout, 450 fish with an ininal weight of 409 g were used wath a
stocking density of 23 fish per experimental unit for 63 days. The experimental treatments incloded 1) control (no
additive), 23 (0.1% acidifier, 3) 0.2% acidifier, 4) (105% synbiotic, 53 0.1% synbiotic, 63 0.1% scidificr + (L05%
synbiotic. The resulis showed that the use of a mixire of acidifier and svobiotic in the diet of fish (reaiment &)
caused a significamt increase in final weight, specific growth rate, voluntary feed intake and condition factor
(p<i105). The feed conversion ratio in fish consuming reatment & was significantly lower than the other groups
(p=05), Owerall, the resolis of the experiment recommend the combined use of both addinves (acidifier and
synbiotic),

Keywords: Acidifier, Synbiotic, Rainbow trout, Performance, Feed additives
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Effect of Dietary Posthiotic on the Expression of GGenes Related to Intestinal Barrier
Function in Rainbow Trout

Lashkarboluk’, Seyed Hossein Hoseinifar', Mohammad Mazandarani', Valiollah Mohammad Hossein
Jafari’, Roghayeh Safari’, Mansoureh Kakavand™
Department of Aguatic Reproduction and Breeding, Faculty of Fisheries and Environment, Gorgan '
Universily of Agriculiural Sciences and Natural Resources, Gorgan, Iran.
* R&D Department, Kimiazyme Co. , Tehran, Iran.
kakavand @Kimiaey me.com Corresponding author E-mail:

Abstract

This study aimed e evaluate the effects of Sacoharomyvees cerevisioe derived postbiotic, on intestinal health and
the expression of intestinal barmer related genes in rainbow trout {Cacorfvnchuy mvkiss), A wtal of 240 juvenile
fish {initial average weight of 2-3 g) were fed diets supplemented with different levels of the postbiotic (1, 2, 4.
and B g'kg) for 8 weeks in a completely randomized design with four treatments and three replicates per treatiment.
AL the end of the wial, intestinal tissoe samples were collected 1o assess the expression of Infestinal barrier
function related genes, including occludin, claudin-3, and zonula occludens- 1 (Z0-1). The results showed that all
postbiotic-supplemented groups had significantly higher gene expression levels compared 1o the control group
(P=L05) The expression of occludin and clawdin-3 genes increased significantly with rising postbictic levels,
with the highest expression observed at 8 2/kg. The highest £00-1 expression was ohserved in the 2 g'kg group:
however, there were no significant differences among the 2, 4, and 8 ke wreatments. Overall, the findings suggest
that dietary supplementation with posthiotic enhances epithelial integrty, thereby sirengthening the intestinal
barrier and potentially improving resistance 1o pathogens in rainbow troul,

Kevwords: Rainbow trout, Posthiotic, Ssccharomyees cerevisiae, Intestinal barrier function, Gene
eXpression
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Ettect of Posthiotic on Survival and Resistance of Rainbow Trout Against Ammonia Stress

Mohammad Hossein Lashkarboluk', Seved Hossein Hoseinifar', Mohammad Mazandarani',
Valiollah Jafari', Roghayeh Safari’, Mansoureh Kakavand®™
' Department of Aquatic Reproduction and Breeding, Faculty of Fisheries and Environment,
Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.
Y Ré&D Department, Kimiazyme Co. , Tehran, Iran.
Corresponding author E-mail: kakavand@ Kimiazyme. com

Abstract

This study investigated the effects of a Saccharomyces cerevisige derived posthiotic on the survival and
amimonia stress resistance of rainbow trout (Oneorkyechus mykissh, Aototal of 240 juvenile fish (initial average
weight of 2-3 g) were fed for 8 weeks with diets containing different levels of posthiotic (), 2, 4, and & g/kg foed)
in fiour treatment groups with three replicates. At the end of feeding trial, fish were subjected to an ammonia stress
test, and survival rates were recorded for each treatment. The results showed that dictary inclusion of posthiotic
al 2 and 4 gkg of feed significantly (P<0.05) reduced morality and improved resistance (0 ammonia stress
compared to the control and 8 g/kg treatments. Based on the obtained results, it appears that the use of veast-hased
postbiotic can be considered an effective approach to improve health and enhance the resistance of fish under
Farming-related swress conditions. However, this response is dose-dependent, and the optimal dosage should be
determined to achieve the best performance and resistance.

Kevwords: Rainbow trout, Postbiotic, Saccharomyees cerevisioe, Survival, Ammonia stress
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The effect of a diet containing zinc oxide nanoparticles on the immune system of
common carp (Cyprinus carpio)

Maostafa Govahi', Elahe Darvishi'
1. Department of Nanohiotechnology, Faculty of histechnology, Amaol University of Special
Modern Technologies, Amaol, Iran.

*Corresponding author E-mail; e dorishi @apsmt s ir

Abstract

Manoparticles have recently been recognized as dietary supplements in aguaculture. This study investigated
the effect of green zine oxide nanoparticles svnthesized using the seropliularia steiota on the immune system of
common carp (Cyprinus carpio) exposed to crowding stress. Common carp were fed for 60 days with four
cxperimental dicts including 0 to 30 mg nanoparticles per kg of fond. Subsequenty, the fish were exposed to
density stress for 6 hours. Afier stress, diets 10-30 have the greatest effect on serum and mucus Iysozyme (LYZ),
serum supplemental alternative pathway (ACHS), serum immunoglobulin (10} and muecus alkaline phosphatuse
(ALFP) and serum catalase. (CAT) had. Keywords: Zinc oxide nanoparticles, safety, compaction siTess, comman
Carp.

Keyword(s): Zinc oxide nanoparticles, immune system, densily stress, common carp
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Feed conversation ratio (FCR) = dry feed intake (g} wet weight gain (g)
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Abstract

In the aguaculture industry, improving the growth performance of aquatic animals leads to reduced fish
maintenance costs, increased prodection cyeles, and ecomnomic efficiency, Today, the protective role of zinc oxide
nanoparticles against stressors has attracted the attention of researchers in aquacaliure. Zine oxide nanoparticles
in aquatic animal diets can be used as growth promoters, antioxidants, antimicrobial compounds, and immune
modulators in agquatic animals exposed (0 various siresses, including toxins. This stedy was conducted o redpce
the adverse effects af Thiamethoxam on the growth performance of common carp using zinc oxide nanoparticles
synthesized by a green method using Hibiscus sabdariffa plant extract.

Kevwords: Zinc oxide nanoparticles, growth performance, common carp
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Evaluation of the Effects of Clove Powder and 2-Phenoxyethanol on Anesthesia and
Blood Biochemical Parameters in Liza klunzingeri: A Stress-Reduction Approach in
Aquaculiure

Soheila Ebrahimi Vosta-Kalaee!'*, Entesar razazel?, Mohsen safaie’

[.Department of Animal Sciences Research, Mazandaran Provinee Agricultural and MNatural
Resources Research Center, Agricultural Research, Education and Extension Organization, San, Iran
2. Department of biology, pavame Noor University, Iran
3, Department of Fisheries, Faculty of Marine and Atmospheric Sciences, University of

Hormozgan, Bandar Abbas, P.O. Box: 3995
*Comesponding awthor E-mail; s.cheabimi @ areen ac i

Abstract

The use of anesthetic agents in aquaculture plays an important rede in reducing stress and preventing
physiological damage in fish, thereby improving their health and survival during procedures such as sampling,
handling, and reproduction. The aim of this stedy was w compare the effects of (wo anesthetic agents—clove
powder as a plant-hased compound and 2-phenoxyethanol as a chemical agent—on anesthesia induction time,
recovery time, and certain bleod biochemical parameters in Klunzinger's mullet (Liza klunzingert). In this study,
atotal of 81 Klunzinger's mullet fish were randomiy assigned to nine treatments, including one control group amd
eight experimental treatments (four concentrations of 100, 200, 300, and 400 ma/l. of each anesthetic), Each
treatment had three rc-plicmn:s_ with three fish per replicate. After anesthesia induction and sampling, serum levels
of cortisol, cholesterod, total protein, and calcium were measured. The resulis showed that clove powder at lower
concentrations induced shorer anesthesia and recovery times compared 1o 2-phenoxyethanol (P < (L05). With
increasing concentrations of both agents, cortisol and total protein levels decreased, while cholesterol increased
(P < (1.05). Mo significant difference was ohserved in calcium levels. The findings indicate that clove powder, as
a natural, safe, and environmentally friendly anesthetic, can be considered a sumable alternative 1o chemical
compoinds such as 2-phenoxvethanal,

Kevwordis): Liza klunzingeri, anesthesia, clove powder, 2-phenoxyethanol, cortisol, biochemical
factors, aquaculiure
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A review of the effects of lavender exiract in aquatic animal anesthesia

Farshid Davoodi ", Abbas Raisi *

I, Assistam Professor of Veterinary Surgery, Department of Clinical Sciences, Foculty of Veterinary Medicine, Bozi
University, Kremanshah, Irun
2. Associate Professor of Yelerinary Surgery, Depariment of Clinical Sciences, Foculty of Veterinary Medicine, Loresian
University, Khorsamabad, Iran.

*Em-r&r:p{:-mjmg anthor E-mail: fdavood @ el .ac i

Abstract

Lavender (Lavandula angustifolia) has been considered a2 g medicinal plant in the aquacaliure industry due 1o s
sedative and anesthetic properties. This review examines the effects of lavender extract as a natural anesthetic in
various aquatic species. The resuliz of the swdies show that lavender extract al appropriate doses { 200200 mg/L)
significantly reduces the time o induce anesthesia and optimizes recovery time, without causing negative effects
on aguatic tesues such as gills, liver or kidney. The extract reduces transpart stress and improves water guality
by reducing cortised and ammonda levels in the water. The active compounds of lavender, such as linalool and
linalyl acetate, are responsible for its sedative and anesthetic effects, which have fewer side effects compared 1o
synthetic anesthetics such as MS-222. In additon, lavender has shown similar or supenior anesthetic effects in
species such as zebra cichlids and Astronatus ocellatus compared to caher plant extracts such as clove and valerian.
This article reviews the possible mechanisms, effective doses, and comparizson of lavender with other anesthetics.
The use of lavender is a cost-effective option for agquaculre due 1o s low cost and easy availability, However,
further research is needed to determine the optimal dosages for different species and to investigate its combination
with other plamt extracts,

Kevwords: Lavender, aquatic anesthesia, Lavandula angustifolia, transportation stress, agquaculture
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The role of environmental stresses on the production of bistechnological compounds in
the alga Dunaliella terfiolecta

Marjes Sanchooli
Assistant Professor, Department of Agquatic Sciences, Hamoun International Wetland Institure,
Research Institute of Zabol, Zabol, Iran

*Corresponding author E-mail: sanchoolin®®vahoo com

Abstract

Muitrient limitations and growth conditions aften drive algal cells to produce fatty acids or secondary metabolites.
The aim of this review was 1o introduce and evaluate the effects of environmental factors affecting the production
of biotechnological compounds in Duraliella tertiodecta, Factors such as color and light intensity, nitrogen and
phosphate limitation, salt concentration, temperature, COp were the most important factors affecting the
production of glveerol, carcdenoids, and lipids in D, tertiodecia, The results of the sodies showed that 25°C was
the highest fal storage rate and white light with a light imensity of 500 vo 2000 lux and a salinity of 1.5 M and a
gradual increase in salinity to 3 M resulted in the highest glycerol production in DU fertiofects. Under optimal
conditions of simultaneons light and salt intensity, the glyeerol titer could double and reach 0.79 mg/mL. Nitrogen
deprivation in the culture medium of this alga also increased the wriacvlglveerol content from 0,08 in complets
culture medium to 5.6 {pg TAG 10 cells™') in nitrogen-free culiure medium. The highest biomass formation,
carotenoid and lipid content were observed with CO: production from 24-hour veast culture {following an increase
in glucose concentration from 10w 60 gL), in additon. exposure 1o mercuric chloride (HgCly) was able 1o
increase the amount of carotenoid production. Changes in light intensity from 30 1o 150 pmaol'm?s resulied in a
L.4-fold mcrease in carotenoad production, and a (007 M salt concentration showed optimal cartenoid production.

Kevwordis): Enviromental Stress, Dunaliella tertiolecta, Carotenoid, Glycerol, Lipid
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A Review of Pre-anesthetic Considerations in Aquatic Animals: Clinical Principles
and Practical Applications
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Abstract

Safe anesthesia in aguatic animals—particolarly in research, clinical diagnostics, surgery. and artificial
propagation—reguires a profound understanding of species phyvsiology, pharmacology of anesthetic agents. and
environmental parameters. This article reviews pre-anesthetic considerations, including appropriate agent
selection (hased on species, health staus, and regional regulations), animal preparation (24-hour fasting, stress
reduction), anesthetic monitoring (evaluation of reflex responses, opercular movements, gill morphology), and
management of diverse surgical procedures (from biopsies o prolonged surgeries), Emphasis is placed on
adapting protocols 1o the species diversity of agquatic animals and continucas maonitoning of vital signs, Adherence
to these principles not only ensures animal welfare but also enhances the accuracy of research outcomes and the

success of therapewtic inlerventions,

Kevwordis) : Anesthesia; Aquatic Animals; Fish; Pre-anesthetic Considerations
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Evaluation of the protective effects of Spirulina on acetaminophen-induced
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Abstract

Acetaminophen {(APAP) is widely used for its antipyretic and analgesic properties but is
associated with dose-dependent hepatotoxicity mediated by oxidative stress. This study aimed
to evaluate the protective effects of Spirulina platensis, a cyanobacternm with potent
antioxidant properties, against APAP-induced liver damage in Cyprinus carpio (koi fish),
focusing on oxidative stress biomarkers and liver enzyme activities. Sixty healthy koi were
randomly divided into five groups (n = 12): Group I (Control), receiving a standard basal diet;
Group IT {APAP), administered APAP orally at 100 mg/'kg body weight for 7 consecutive days;
Group I {Spireling only), fed a diet supplemented with Spiruling platensis at 10 g'kg for 14
days; Group IV (Spirulina pre-treatment + APAP), fed Spirulina-supplemented diet for 14 days
with APAP administered from day 8§ to 14; and Group V (Concurrent Spirulina + APAP),
receiving both Spiruling and APAP for the first 7 days, followed by Spiruling alone. At the end
of the trial, serum levels of ALT, AST, and ALP were measured. Liver samples were frozen in
liquid nitrogen, stored at -80°C, and analyzed for malondialdehyde (MDA), superoxide
dismutase (50D), and catalase (CAT) levels in an accredited laboratory. Statistical analysis
using one-way ANOVA and Tukey's test (SPSS; p < 0.05) revealed that APAP significantly
elevated liver enzymes and MDA while reducing S0OD and CAT. Spirufing administration,
especially as pre-treatment, significantly reversed these changes. These findings suggest that
Spirulina platensis confers hepatoprotection in fish, likely via enhancement of antioxidant
defenses,

Keywords : Acetaminophen, spirulina, hepatotoxicity, Cyprinus carpio

1. Introduction

The liver is a vital organ involved in the metabolism, detoxilication, and excretion of various
xenobiotics and endogenous compounds. Hepatotoxicity, induced by chemical substances such
as pharmaceuticals, poses a significant threat to aquatic organisms and is a major concern in
both environmental toxicology  and  agquaculture  health  management.  Acetaminophen
(paracetamod), a widely wsed over-the-counter analgesic and antipyvretic drug, 5 known 1o
cause dose-dependent hepatotoxicity in humans and experimental animals due to the formation
of toxic metabolites and subsequent oxidative stress [1]. Although its presence in aguatic
environments 18 less studied, emerging research has identified pharmaceutical pollutants,
mcluding acetaminophen, as contributors to sub-lethal toxicity in hish, potentially affecting
their liver function and physiological homeostasis [2].

Oxidative stress is a key mechanism underlying acetaminophen-induced liver injury. The
excessive generation of reactive oxygen species (ROS) overwhelms the antioxidant defense
system, leading to lipid peroxidation, mitochondrial dysfunction, DNA damage, and ultimately
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cell death [3]. Liver enzymes such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP) serve as sensitive biomarkers of
hepatic injury and are routinely measured to assess the extent of hepatocellular damage [4].

In recent years, there has been growing interest in the use of natural antioxidants as
protective agents agamst drog-induced oxidative liver damage. Spirulinag platensis, a blue-
green microalga, s rich in bwactive compounds such as phycocyamin, f-carotene, vitamins,
and essential fatty acids, and has been shown to possess potent antioxidant, anti-inflammatory,
and hepatoprotective properties [5]. Several studies have reported that Spirulina
supplementation can mtigate oxidative stress and improve hver function in varnous animal
models of hepatotoxicity, including those induced by acetaminophen and other xenobiotics [6].

Given the increasing ecological exposure of aquatic organisms to pharmaceutical
contaminants, and the potential utility of Spirulina as a functional dietary supplement in
aguaculture, this study aims to evaluate the protective effects of Spirulina against
acetaminophen-induced liver damage in ko lish { Cyprinus carpio). The study focuses on the
assessment of oxidative stress biomarkers and liver enzyme levels (o elocidate the ameliorative
role of Spirulina in counteracting acetaminophen toxicity.

2. Material and methods

2.1. Experimental Animals and Husbandry

Sixty healthy juvenile koi fish (Cvprinus carpio), averaging 40-50 g in body weight and
10-12 cm in length, were procured from a certified aquaculture facility. Prior to the initiation
of the experiment, fish were acclimatized for a period of 14 davs in aerated 200-hter fiberglass
tanks under controlled environmental conditions: temperature 22 + 2°C, dissolved oxygen >6
mg/L, and pH 7.5+£0.2. A 12:12 h light-dark cycle was maintained throughout the study.
During acclimation and throughout the experiment, fish were fed a commercial basal diet at
2% of therr body weight per day, admimistered in two equal portions. Partial water renewal
{30% ) was conducted daily to ensure optimal water quality. All procedures were performed in
accordance with institutional guidelines for the ethical treatment of animals in research.

2.2, Experimental Design and Group Allocation
Following acclimatization, fish were randomly assigned into five experimental groups (n =
12 per group) in a completely randomized design:

+  Group [ {Control): Fish received the standard basal diet without any treatment.

«  Group II {Acetammophen): Fish were administered acetammmophen orally at a
dose of 100 mg/kg body weight once daily for 7 consecutive days.

«  Group [II (Spirulina only): Fish were fed a diet supplemented with Spirulinag
platensis at 10 g/kg feed for 14 days.

«  Group TV (Spiruling pre-treatment + Acetaminophen): Fish received the
Spuulina-supplemented diet for 14 days. Beginming on day 8, acetaminophen was
administered for 7 consecutive days (days 8-14).

« Group V (Concurrent Spirulina + Acetaminophen): Fish received both
Sprulina-supplemented diet and acetamimophen from day 1 to day 7, alter which only
Sprulina supplementation continued for the remaning 7 days.

The dosage of acetaminophen and spirulina in groups I'V and V is the same as the dosage
of groups Il and I (respectively).
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The Spirulina-supplemented diet was prepared by uniformly blending powdered Spirulina
platensis into moistened commercial pellets, followed by air drying at room temperature,

2.3, Sampling Procedures

At the conclusion of the experimental penod (day 15), Tish were fasted for 24 hours and
then anesthetized with bulfered tricaine methanesulfonate (MS-222) at a concentration of 1040
mg/L to minimize stress during handling. Blood samples were collected aseptically from the
caudal vein using sterile heparinized syringes. Serum was separated by centrifugation at 4000
rpm for 10 minutes at 4°C and stored at —20°C for subsequent biochemical assays.

Following blood collection, fish were euthanized by prolonged immersion in an overdose
of MS-222 (=300 mg/L). Livers were promptly excised under sterile conditions, rinsed in ice-
cold phosphate-buffered saline (PBS), blotted dry, snap-frozen in liquid nitrogen, and stored
at =80°C, Liver tissues were later transported on dry we to a certified and accredited
biomedical laboratory specializing in agquaiic toxicology Tor analysis of oxidative stress
biomarkers.

2.4, Biochemical Analyses

2.4.1 Hepatic Enzyvme Assays: Serum levels of hepatocellular injury markers—alaning
aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP)—
were measured using validated standard enzymatic colorimetric methods according to
established clinical chemistry protocols. Enzymatic activities were determined
spectrophotometrically and expressed in units per liter (U/L) .

2.4.2 Oxadative Stress Biomarker Assessment: To evaluate hepatic oxidative stress, the
following indices were measured in homogenized liver tissue:

« Malondialdehyde (MDA): As a marker of lipid peroxidation, MDA was
quantified wsing the thiobarbituric acid reactive substances (TBARS) method, with
results expressed in nmol'mg protemn.

+  Superoxide Dismutase (SOD): Activity was determined based on the inhibition
of pyrogallo] auto-oxidation, and expressed as U/mg protein.

« Catalase (CAT): Activity was assessed via the rate of decomposition of

hydrogen peroxide, and expressed as U/mg proten.

2.5, Statistical Analysis

All data are presented as mean + standard deviation (SD). Statistical analysis was conducted
using SPSS software (Version 25.0). Normality of data distribution was confirmed vsing the
Shapiro-Wilk test. One-way analysis of variance (ANOVA) was performed to detect
significant differences among groups, followed by Tukey's multiple comparison test as a post
hoc analysis. A p-value of less than (0.05 was considered statistically significant.

3. Results and Discussion

The present study evaluated the hepatoprotective and antioxidative effects of Spirulina
platensis against acetaminophen-induced liver toxicity in koi fish (Cyprinus carpio).
Biochemical analyses revealed that exposure to acetaminophen sigmficantly elevated the
serum activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and
alkaline phosphatase (ALP) compared to the control group (p < 0.05), indicating marked
hepatocellular damage (Table 1). Concurrently, hepatic malondialdehyde (MDA) levels—a
biwomarker of hpid peroxidation—were significantly increased, while the activities of key
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antioxidant enzymes, superoxide dismutase (SOD) and catalase (CAT), were notably
diminished in the acetarminophen-treated group relative to controls (p < 0L03), reflecting the
onset of oxidative stress (Table 2).

In contrast, fish administered Spirulina platensis, either as a prophylactic or co-treatment
with acetarminophen, exhibited a sigmificant reduction in serum liver enzyme levels and hepatic
MDA content compared to the acetaminophen-only group (p < 0.05). Imponantly, both 50D
and CAT activities were significantly restored in these groups, suggesting a substantial
modulation of the hepatic oxidative state. Notably, the pre-treatment regimen (Spirulina —
Acetaminophen) resulted n greater bwochemical normahzation than the concurrent
admimistration group (Spiruling + Acetaminophen), underscoring the superior efficacy of
prophylactic application in mitigating hepatotoxic insult.

Table 1. Serum Liver Enzyme Activities (U/L) in Experimental Groups (Mean = 5D)

Crromp ALT (U/L) AST (LI/L) ALP(LYL)
contril 213+24 43.7+3.1» 58445
Acetaminophen 48.6 +£ 4.9 91.2+6.7¢ 113.5 £ 7.8
Spirulina 221+£2.1= 45035 507+ 52
Spiruling — Acetaminophen 20.4 +£3.2b 60.8 £ 5.1% Th.1 £ 6.30
Spiruling + Acetaminophen 330+£3.°m 66.4 + 4.8 84.9 + 5.6*

Different superscript letters (a, b, ¢) within each column indicate statistically significant
differences (p < (L.05) according to one-way ANOVA followed by Tukey's post hoc test.

Table 2. Hepatic Oxidative Stress Biomarkers in Experimental Groups (Mean + 5D)

Grrongp MDA{nmol/mg protein)  SODNUimg protein)  CAT{Uimg protein]
control | 182004 12511 197+ 160
Acetaminophen 436 £0,25 6.2 + .8 10,3+ 1.2¢
Spirulina 1.75£0.11" 129+ 1.3 205£17
Spiruling — Acetaminophen | 2.51 £0.17" 10.4 = 1.2% 15.8 £ 1.4b
Spirulina + Acetaminophen | 2.89 £ 0,21 9.1+1.0 14.2 + 1.5¢

Different superscript letters (a, b, ¢) within each column denote statistically significant
differences (p < (1.05) as determined by one-way ANOVA followed by Tukey's multiple
COMPArisons lest,

These findings are consistent with the known mechanisms of acetaminophen
hepatotoxicity, which involve the generation of reactive oxygen species (ROS), depletion of
endogenous antioxidants, and hipid peroxidation, ultimately leading to hepatocellular mpury.,
The observed hepatoprotective effects of Spiruling are hkely mediated through s rich
repertoire of bioactive constituents, including phycocyanin, phenolic compounds, and
carotenoids, which are well-documented for their radical-scavenging and antioxidant enzyme-
enhancing properties [7].

The Spirulina-only group exhibited biochermcal profiles comparable to the control
group across all measured parameters, confirming the non-toxic nature of Spirulina platensis
at the administered dose and supporting its safety for dietary inclusion.
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These findings are in line with earlier studies demonstrating the antioxidant and
hepatoprotective capabilities of Spirulina in various models. For example, Sharoud (2015) [8]
and Mahmoud et al. (2018} [9] reported similar protective effects against drug-induced hepatic
oxidative stress in rats and Nile tilapia, respectively. The cross-species reproducibility of these
outcomes remforces the potential of Spirulina as a functional feed additive m aquaculture and
potentially other animal health contexts,

4. Conclusion

The findings of this study demonstrate that Spieeding platensiy sigmilicantly mitigzates
acetaminophen-induced hepatic injury in Cyprinus carpio, primarily through modulation of
oxidative stress and restoration of antioxidant enzyme activity. Pre-treatment with Spirulina
proved more effective than concurrent administration, highlighting its potential as a
prophylactic dietary supplement for protecting liver function in agquatic species.
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Evaluating Resource-Efficiency for Sustainable Animal Feed Production

Raziye Rashidi Tzo leh’ and Vahid Akmali
1. Department of Biology, Faculty of Science, Raxm University, Kermanshah, Iran,
rashidireprobaod gmail.com
2. Depariment of Biology, Faculty of Science, Razi University, Kermanshah, Iran, v_akmali@ razi.ac.ir

Abstract

The rising global demand for sustainable protein sources has increased interest in using
insects, particularly the vellow mealworm ( Tenebrio molitor), in animal feed. Known for its
rich nutritional profile, including high protein and hipid content, T. maolitor 15 used in pouliry,
aquaculture, and companion pet nutrition. However, industrial-scale production of mealworms
faces challenges, particularly in maintaining synchronized growth and managing production
flow. One potential solution is short-term cold storage (4°C), which can temporarily halt larval
development without compromising long-term viability, This study investigates the effects of
d-week cold storage on the early-instar larvae of T. molitor. Key indicators, such as growth
rate, developmental duration, and size and weight of the insect at different stages, were
assessed. Results showed that cold exposure significantly reduced the larval period and body
length, as well as adult hfespan. However, other parameters, such as larval weight, pupal
weight, and beetle body weight, remained unaffected. These findings suggest that short-term
cold storage can be used as an effective management strategy to optimize production, with
minimal negative impact on the viability of larvae. The study highlights the potential of cold
storage to manage surplus larvae and align production cycles with market demand, providing
a viable tool for insect farming in commercial settings. While cold exposure affects certain
developmental aspects, the overall impact on production efficiency remains modest, suggesting
that cold storage can be integrated into commercial insect farming operations to maintain
productivity and sustainability.,

Keywords: Mealworm, Cold storage, Sustainable animal feed, Insect farming, Larval
growth performance.

L. Introduction

The increasing global demand for sustainable, high-quality protein sources has driven
imterest in insect-based feed ingredients, particularly in commercial animal production systems.
Among edible nsect species, the vellow mealworm (Terebrio molitor L., 1758; Coleoptera:
Tenebrnionidae) has gamed substantial attention due to its nch composition of proteins, hipads,
and essential nutrients [1-2]. This species has a complete life cycle consisting of four distinct
stages: egg, larva, pupa, and adult. The duration of this cycle varies depending on
environmental conditions such as temperature, humdity, and diet composition, and under
optimal thermal conditions (25 to 30°C), it lasts between 3 to 4 months, The larvae, commonly
known as mealworms, are highly valued due to their high nutritional content—especially their
rich protein levels—and are widely used as feed for captive mammals, birds, reptiles, and
amphibians [3]. These larvae have been widely utiized in the poultry and aguaculture
industries, More recently, they have seen growing otilization in 2oo animal management and
companion pet nutrition due to their exceptional feed conversion ratios and high protein
digestibility [4-5]. Their nutrient profile aligns well with the dietary requirements of poultry,
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particularly in terms of amino acid composition and energy content [2]. Recent Studies have
reported that msect-based diets can enhance broiler growth performance by over 3% and
improve egg production in layers by more than 5% [6]. Additionally, mealworm farming offers
significant environmental advantages, including reduced greenhouse gas emissions, lower
water and land use, and munimal energy mputs compared to conventional hivestock systems
[7]. As the commercial production of T. molitor expands, there is increasing interest in
developing practical storage solutions that support supply chain flexibility while maintaining
larval viability and nutritional quality [8]. However, as ectothermic organisms, insects are
sensitive to temperature changes, and cold storage can nfluence several physiological and
developmental parameters. Prior studies have shown that exposure (o low temperatures can
delay development, reduce energy reserves, and increase mortality or deformities, particularly
under starvation conditions or when storage exceeds 20 days [9-11]. Notably, these cold-
mduced effects vary based on larval size and developmental stage. Larger larvae tend to exhibit
greater tolerance due to higher lipid and protein reserves, while smaller larvae are more
viulnerable to prolonged cold stress [11-12]). Short-term storage of T. molitor larvae at
refrigerator temperature can lead to an increase in mortality rate and a decrease in
metamorphosis rate; however, it does not have a significant effect on fertility and reproductive
parameters [13]. Despite the well-documented ecological and economic potential of T, maolitor,
large-scale production stll faces challenges, particularly in the early developmental stages
when larvae are highly sensitive to environmental conditions. A major concern in industrial
insect farming is maintaining synchronized growth and managing production flow amid
infrastructure limitations or unfavorable rearing conditions. Short-term cold storage (e,
refrigeration at 4°C) has been proposed as a strategy to temporarily slow or halt larval
development without compromising long-term viability. This approach could help manage
rearing capacity, reduce overcrowding, and improve the timing of larval harvests. Therefore,
this study aims to evaloate the impact of short-term refrigeration at 4°C for 4 weeks on ecarly-
instar T, meditor larvae, focusing on key performance indicators such as growth rate,
developmental duration, and size and weight at various stages. The findings will assess the
feasibility of using cold storage as a management tool in commercial insect farming for animal
nutrition apphications,

2. Materials and methods

1.2. Mealworm rearing and diet preparation

The T. melitor larvae were obtained from the Ecology laboratory at the Department of
Biology, Faculty of Science, Raz Umiversity, Kermanshah province, Iran. The insects were
maintained at stable rearing conditions, i.e., continuous darkness, and 28 £1 °C, 65 £ 5%
relative humidity, in a warm room equipped with a thermostat (VWR Environmental Chamber,
Model No. 2020, Shelden Manufacturing Company Inc., Cornelius, Oregon) [14]. Wheat bran
was nsed as feed, and camots were used as a source of moisture and vitamins.  In thas study,
the effects of short-term cold exposure on the biological traits of T, moliter were examined
using a completely randomized design with two main treatments and three replications per
treatment. The control group (Treatment A) was continuously reared at an optimal temperature
of 27+ 1°C, while the experimental group (Treatment B) was exposed to 4°C for four weeks
before being returned to standard rearing conditions. Each replication included 30 age-
synchronized larvae. Throughout the rearing period, key indicators such as initial and final
body weight, food consumption, the feed conversion efficiency, larval development duration,
and adult emergence time were recorded, To isolate the thermal effects, all other environmental
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parameters - including relative humidity, photopeniod, and diet composition were rigorously
controlled and maimtained wdentically across all treatments,

2.2. Biological parameters

For experimental trials, we randomly selected 30 late-instar larvae (4th-6th instar stages) from the
colony, ensuring uniform size distribution (mean weight = SI; XX + XX mg) to minimize
developmental variability. Initially, the total weight of the larvae was measured, and they were
subsequently transferred to new contmners containing experimental feed, where they were
maintained in a heated chamber [14], The biological parameters evaluated mcluded the
duration of the larval stage from the beginning of the experiment, pupal stage duration, final
weights of larvae, pupae, and adults, as well as adult lifespan. The duration of the larval stage
for each larva was recorded from the stant ol the experiment until the onset of pupation. The
pupal stage duration was measured by calculating the time from the emergence of the pupa to
the emergence of the adult insect. To minimize the risk of cannibalism among pupae,
individuals were carefully separated and transferred to individual containers immediately after
pupation [15]. The hfespan of adults was determined from the time of emergence from the
pupa until the last day of survival. The weight of all larvae at the final larval stage was
measured, as well as the weight of pupae immediately after pupation and the weight of adult
beetles after emerging from the pupal stage. All weights were recorded using a digital precision
balance with an accuracy of (L001 g, The collected data were analyzed using statistical methods
to compare the treatments [14]. The recorded data were analyzed using SPSS software.
Independent Samples t-test was used to compare the means of two independent groups.

3. Results and Discussion

Independent samples t-tests were conducted to compare the effects of short-term cold
exposure on various developmental and morphological traits of the beetle species. The results
showed a statistically significant reduction in the larval period in the cold-exposed group
(M =82.66, SD="T.40) compared to the control group (M =388.07, SD=6.13), n(178)=5.34,
p=<.001. Sumlarly, the larva body length was significantly shorter in the treatment group
(M=2.19cm, SD=10.19) than in the control group (M=2.33 cm, SD=0.21), #(178)=4.71,
p=.001. The beetle life span was also significantly reduced under cold exposure (M =51.14
days, SD = 10.65) compared to controls (M = 58.90 days, SD=7.72), #(164)=5.43, p<.001.
However, there were no statistically significant differences between groups in pupal period
{p=.738), larval weight {p = .075), pupal weight (p = .189), beetle weight (p = .550), or beetle
body length (p = .079). These findings suggest that short-term cold exposure significantly alters
certain aspects of development and adult longevity, while having limited impact on others such
as body mass and pupal development, The present study demonstrates that short-term cold
exposure induces statistically significant alterations in several biological and physiological
traits of T. melitor larvae. Specifically, reductions were observed in larval period, body length,
and adult longevity. However, despite these statistical significances, the actual differences in
mean values between control and treatment groups were modest, For instance, the larval period
decreased by approximately 5.4 days, and larval body length reduced by 0.14 em. These
findings suggest that while cold exposure elicits measurable physiological effects, the
magnitude of these changes may not be biologically critical under practical rearing conditions,
Importantly, several parameters remained unalffected by cold exposure, including pupal period,
larval weight, pupal weight, beetle weight, and beetle body length. This indicates a degree of
physiological resilience in T. molitor larvae to short-term cold stress, supporting the viability
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of cold storage as a management strategy in commercial rearing operations. A comparison with
existing literature supports these findings. Previous research has shown that prolonged cold
storage (over 20) days) increases mortality and causes developmental disruptions in T, malitor
larvae, especially under starvation conditions [2]. Conversely, our short-term exposure did not
result in such negative effects, which is consistent with studies indicating that refrigeration for
limited periods does not sigmbcantly affect ferulity or reproductive outcomes [13].
Additionally, another study found that T. melitor larvae can be kept alive at 10°C for up to 120
days with minimal impact on survival and development, provided that proper nutritional
suppon 18 mantamed [16]. This underscores the importance ol storage duration and nutritional
status in determining the owtcomes of cold storage (Figure 1).

100
80
g 60
= o ® larval period {day)
" ® Pupil period (day)
! = Beetle lif D
Control Short-Term Cold celelnte span (Lay )
Exposure
treatment

Figure 1. Effect of short-term ¢cold storage on the life cycle (mean + 5.E.) of Tenebrio molitor,

4. Conclusion

This study shows that short-term cold exposure significantly reduces the larval period, body
length, and adult lifespan of T, molitor larvae, without major impacts on pupal development or
body mass. Cold storage effectively regulates growth and development in commercial insect
farming, offering flexibility in rearing and harvest synchronization while maintaining larval
quahty, Imtegrating cold storage into rearing protocols supports the sustainable scaling of
insect-based feed production, balancing ecological benefits with operational needs in poultry
and aquaculture nutrition. Overall, short-term cold exposure is a practical tool for managing
surpluses and aligning production cycles with market demands in mealworm farming.
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Abstract

This study mms to elucwdate protein interactions (PP involved in the bwosynthesis of
androgen hormones within the testicular tissue of trout. In this rezards, 2 DNA microarray data
{accession number: GSE16030), was extracted from the GEO database using GeoQuery.
Ditferentially expressed genes (DEGs) was obtained using LIMMA package, an add-on R
package, Using DEGs the PPI network was reconstructed using the STRING database, and
protein modules were dentified using the MCODE extension. Enrichment analysis of DEGs
revealed that the primary categories of active biological processes for most genes were cellular
processes, metabolic processes, and responses to stimuli. Reconstruction of the PPI network
identified intramodular genes HSDIB, CYPLICIH, CYPITAL, DMRTI, and STAR as influential
in the biosynthesis of androgen hormones in festicular tissue.

Keywords Trout, Androgen, DNA microarray, PPl network

1. Introduction

Androgens are natural or synthetic compounds that, by binding to androgen receptors,
stimulate, control, develop, or maintain male characteristics in vertebrates [1]. The primary and
most well-known androgen s testosterone, In Osh, androgens promote the proliferation and
differentiation of spermatogonia, as well as meiotic division and spermatogenesis [1]. The 11-
Ketotestosterone, produced in the steroidogenesis pathway, is recognized as the principal
androgen for reproduction in fish. Secreted by Levdig cells, 11-Ketotestosterone initiates
spermatogomal divisions in mitosis by activating B and inhabits anti-Miillerian function,
thereby initiating meiosis, Despite the extensive DNA microarray information available in the
GEOQ database in the field of aquaculture, there has been limited research on the bioinformatics
analysis of genes encoding hormones affecting maturation in aquatic species. Therefore,
wdentifying DEGs and pathways is crucial and warrants investigation.

This research was conducted to deepen our understanding of the role and regulation of
androgen hormones in the reproductive biology of fish, particularly focusing on the molecular
mechanisms  that govern testicular  development  and  maturation,  Androgens, such as
testosterone and 1 1-Ketotestosterone, are crucial for the development and mamntenance of male
characteristics m  vertebrates, including the promotion of spermatogomal proliferation,
differentiation, and spermatogenesis in fish. Despite the availability of extensive genetic data
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through technologies like DMNA microarrays., there has been himited exploration into how
specilic genes and theirr pathways influence maturation in aguatic species, The motivation
behind this study stems from the need to bridge this gap in knowledge. By emploving advanced
bivinformatics tools and methodologies, such as gene expression network analysis and gene
set wentification, this research aims to identifly differentially expressed genes (DEGs) and their
associated pathways. Understanding these genetic components and ther interactions at the
transcriptome level is essential for uncovering the hidden mechanisms that drive critical
biological processes. This investigation not only enhances our comprehension of cellular
processes influenced by androgen hormones but also holds potential Tor significant economic
mmphications in aquaculture by improving reproductive efliciency and health i farmed fish,
Through the use of comprehensive gene annotation and enrichment analysis, this study seeks
to elucidate the complex interplay of genetic factors that contribute to reproductive success in
fish, thereby offering insights that could lead to advancements in both scientific understanding
and practical aquaculture apphcations.

2. Material and methods

DNA microarray data were extracted from the GEO database with accession number
GSE160360 [2] vsing the GEOquery software package in R. Supplementary information
related to the GSE1 6030 DNA mucroarray experiment is provided in Table 1. To wdentily DEGs
in each tissue, samples were initially divided into three groups according to the experimental
design: control (14 samples), testosterone injection (14 samples), and 11-Ketotestosterone
injection (7 samples) [3]. DEGs were wdentified vsing the GEOZR ool on the GEO website
{nchi.nlm.nih. gov/geo/geo2r) with a significance level of 0.05 and the Benjamini and Hochberg
method for correcting the P-value. DEGs were identified based on the logarithm of the fold-
change of greater than one and a significance level of 0L05. After identifying and combining
DEGs, ontology [4] and identification of related pathways were performed using the DAVID
tool (https:/david.neiferf.gov) with a threshold level of 0.01 [5]. Ontology was examined to
identify the function of biological enrichment in three independent categories of biological
processes. KEGG analysis was also used to identify associated pathways. Only ten ontology
terms in three pathways of biological processes, cellular components, molecular function, and
pathways with the lowest statistical significance were used for further analyses. Hub gene
classification based on biological processes was performed using the Panther online software
(http:) !

To investigate the interactions between the DEGS in the network, the STRING tool
(hups:/string-db.oreg) was used to reconstruct the PPI network [7]. Relationship pairs with a
score higher than 0.07 were extracted, and unrelated genes in the network were hidden.
Cytoscape software was used to graphically plot the network. Gene association classification
and identification of important gene modules were performed using the MCODE plugin [8].
The selection criteria for protein modules were determined as follows: MCODE scores > 2 and
number of nodes = 5. MCODE scores = 5, cut degree = 2, node cut score = (L2, maximum
depth = 1(M), and k-score = 2. The significance level of the p-value was considered to be 0.05.

Test Tissue Species Platform Mumber of arravs®
GSE16030  Trout  testis AGENAE TroutGeneric? 92]6 35 (V14414
*Number (control'testosterone injection/ /11-Ketotestosterone injection)
3. Results and Discussion
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The PPI network resulting from the DEGs in the GSE 16030 study i1s depicted in Figure 1. The
reconstructed PPT network was sparse, with no interactions found for most of the DNEGs,
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Figure 1: PPI network of DEGs caused by androgen hormone on testicular tissue. Circles represent
genes (proteins), and lines represent connecticns and relationzhips

According 1o the two groups (control-testosterone and control-11-Ketotestosterone), the
number of DEGs (53 unique genes and 16 common genes) was relatively low (76). This could
be due to the specific grouping of samples and the type of platform used in generating DNA
microarray data (AGENAE_TrouwtGeneric2_9216) and the GPL3650 platform. Additionally,
the enteria considered for dentifying DEGs (corrected P-value = .05 and log of the fold
change > 1) could also affect the number and type of these genes. Other factors include the
percentage of matching between annotation information and probe mapping to the gene. In the
case of GSE16030 data, about 60% of the probes did not have gene annotation information, so
their gene expression information was removed from the final matnx, The number of deletions
will be effective in wWentifying DEGs. Figure 2 shows the metabolic pathway resulting from
the DEGs (both treatment comparisons {11-Ketotestosterone)) and the gene enrichment in the
category of biological processes due to the effect of androgen hormone on testis tissue in trout.
Simlar results were obtained for the metabolic pathways of the common genes between the
two treatment comparison groups. However, no metabolic pathways were obtained for the
genes unique to the control-testosterone treatment group.
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Figure 2: Metabolic pathway (right) and enrichment (left) in the category of biclogical processes identified
by DEGs due to the effect of androgen hormone on the testis
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As illustrated, all pathways are present in the same proporion, and the androgen biosynthesis
pathways, apoptosis signaling pathway, beta and T cell activation, CCKR signaling map, FAS
and PDGF signaling, TGFB and Toll receptor pathways; inflammation by chemokine-
cytokines and gonadotropin hormones, Huntington's disease, and response to oxidative stress
are among the metabohc pathways affecting testicular cells under the influence of androgen
hormones i salmonids, Most of the unique and common genes in the bwlogical process
category were active in the cellular, metabolic, and biological regulatory processes categories.
However, for all DEGs, the response to stimuli category was considered among the most
enriched categones. Considering that the man data of this study, GSE16030, were conducted
on testicular cells in early puberty of trout (high mitotic and meiotic activity to reach sexuval
maturity and tissue development of testicular cells), the significance of metabolic pathways
and biological processes can be justified. In metabolic pathways, the androgen biosynthesis
pathways, apoptosis signaling pathway, B and T cell activation, CCKR signaling map, FAS
and PDGF signahng, TGFB and Toll receptor pathways, mflammation by chemokine-
cytokines and gonadotropin hormones, and response to oxidative stress are active. Activation
or increased activity of genes in the mentioned pathways due to androgen hormone treatment
in trout indicates an increase in metabolic activities due to cell proliferation and the need of
testicular cells to consume energy to produce these types of cells, Since the biological processes
category also included cellular metabolic processes and responses to stimuli, these results in
the metabolic pathways category indicate the need for increase in the body’s basal metabolism
to compensate for these processes. Considering the severe metabolic pressure on testicular
tissue cells for proliferation and energy requirements, the presence of immune cell groups and
related metabohc pathways, such as B and T cell activation and inflammatory response
mediated by chemokines and cytokines, can be partially justified. Since the activated metabolic
pathway is another gonadotropin hormone receptor pathway, it may be possible to understand
the significance of the PDOGFEF pathway. The activation of the RAS pathway 15 also justified,
given that this pathway represents the transmission ol messages from the extracellular space to
the nucleus for cell growth, proliferation, and differentiation. Since this study showed that the
activation of the aforementioned signaling pathways is essential for the biosynthesis of
androgen hormones and cell proliferation and differentiation, the metabolic pathways of B and
T cells also indicate that these cells are prolhiferating when they generate immune cells, which
can be partly explained by the activation of programmed cell death, accompanied by the
degradation and loss of some testicular cells. CYPJ I C/ is a gene encoding the enzyme 11-beta-
hydroxylase and is mainly expressed in Leydig cells in the testis and anterior interstitial cells
of salmon [9]. CYPIICT 1s responsible for the catalysis of testosterone to 11-alpha-beta-
hydroxytestosterone and also the catalysis of 11-deoxycortisol o cortisol, Zheng et al. (2020)
showed that CY¥PIICI is important for testicular development and the initiation of
spermatogenesis [9]. CYPIICI also plays an important role in the production of 11-
ketotestosterone and cortisol,

4. Conclusion

In conclusion, this study provides valuable insights into the molecular mechanisms
underlving androgen regulation of testicular development during sexual maturation in trout, By
leveraging DNA microarray technology and advanced bioinformatics tools, we have identified
key DEGs and pathways that play crucial roles in the reproductive processes of fish. The
identification of genes such as HSD3B, CYPIICI, CYPI7AI, DMRTI, and STAR highlights
their significance in androgen bosynthesis and testicular tissue development. Understanding
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these genetic components and their interactions not only enhances our knowledge of cellular
processes influenced by androgen hormones bt also ofTers potential economic benefits for
aquaculture by improving reproductive efficiency and health in farmed fish. This research
underscores the importance of integrating bioinformatics with traditional biological studies to
uncover hidden mechanisms and advance both scientific understanding and  practical
apphcations in aquatic species management. Future studies should aim to validate these
findings through laboratory techniques such as RT-PCR, paving the way for the development
of biomarkers for sexual maturation traits in trout and other farmed fish species.
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