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This study aimed to evaluate the impacts of wild and breeding juvenile rice field eel under conditions of ammonia and heat stress. The growth performance (FBW, WGR, SGR, and FCR) of 360 wild (24.22 ± 0.30 g) and 360 breeding (24.16 ± 0.27 g) strains was significantly hindered by ammonia and heat stress. The inhibitory effects were more obvious when the two stresses were combined. The growth performance and survival rates of the breeding strains outperformed that of the wild strains under identical stress conditions, this was explained by the expression of the growth-related gene (gh). They have increased the enzyme activity (CAT and GSH-Px) and expression of immune-related genes (cat, gpx3, and hsp90α) in response to oxidative stress. However, the results of certain indicator enzymes indicate the presence of oxidative damage in their tissues. The presence of an inflammatory response in the tissues was suggested by the up-regulation of genes associated with pro-inflammatory cytokines (il-1β and il-8) and the down-regulation of genes related to anti-inflammatory cytokines (il-10). Additionally, the presence of tissue damage was shown by the up-regulation of genes connected to apoptosis (cas2, cas8, and cas9) and the down-regulation of genes connected to tight junctions (zo-1). Nevertheless, it is noteworthy that breeding strains exhibited superior adaptability to ammonia and heat stress in comparison to wild strains.
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1 Introduction

Rice field eel (Monopterus albus) is a common freshwater fish in Asian countries that taxonomically belongs to Osteichthyes, Synbranchiformes, and Synbranchidae. Due to its delicious taste, rich nutrition, and officinal value, eel is considered to be one of the most economically valuable fish in China, with a yield up to 334,215 tons in 2022. However, this yield is far from meeting consumer demands. One of the important reasons to restrict this yield is the scarcity of breeding fry and the abuse of wild fry. Meanwhile, the efficiency of breeding and wild fry has been the focus of debate in the industry.

In China, the traditional net-cage farming mode has been adopted by more than 95% of eel farmers. Due to their open farming environment, the eels are highly vulnerable to extreme climate changes, such as high temperatures and typhoons. Moreover, with the increase in rearing density, ammonia in water will become one of the main threats to eel rearing, may exhibit toxic effects on fish, and can result in widespread fatalities (Ip and Chew, 2010; Bucking, 2017). In order to break the restrictions of natural conditions, a novel method of recycled water rearing was proposed. However, since few studies have focused on the physiological effects of environmental factors on M. albus larvae, the popularization of this technology may be subject to certain resistance.

Water temperature is one of the important environmental factors affecting the growth of aquatic animals (Rebl et al., 2013; Reid et al., 2019; Wu et al., 2021). A latest study demonstrated that the breeding strains of eel larvae showed the best growth performance under a temperature of 34°C (Mao et al., 2024). Nevertheless, the wild strains do not encounter such elevated water temperatures in their natural habitat. Excessively high-water temperatures can have devastating consequences for aquatic organisms, leading to reduced growth and increased mortality in fish (Dominguez et al., 2004; Zhang et al., 2014). Moreover, high water temperatures may also cause other environmental problems, such as the occurrence of ammonia, nitrogen, and nitrite, because part of the beneficial bacteria will be inactivated at high temperatures, making it harder for residual erbium and feces to be degraded (Li et al., 2022). When exposed to a certain concentration of nitrite, aquatic animals often show significant oxidative stress and even exhibit inflammatory responses (Li et al., 2020). In addition, prior research has demonstrated that elevated concentrations of ammonia in the water column hinder the development and immune response of aquatic species (Kim et al., 2015; Cui et al., 2022; Ou et al., 2022). However, no studies have focused on the effects of nitrite on eel larvae. In aquaculture, high temperatures are often accompanied by multiple negative environmental factors. In this study, a comparative study was conducted to detect the differences in growth performance, antioxidant, immune, and apoptosis indices between wild and breeding strains of eel larvae under the combined exposure of heat and ammonia. These results will provide a reference for the factory farming of swamp eels.




2 Materials and methods



2.1 Experimental fish

Wild strains of juvenile eels (WS) obtained from nearby rice farms or ponds in their natural habitat were transported to be temporarily reared under laboratory conditions for one week to continuously check the fish’s health status. During this period, aeration of the water was maintained constantly, and one-third of the water volume was replaced on a daily basis. Over the next two weeks, WS were adapted to the feeding experiment until commercial feed (Hubei Zhaoliang Biotechnology Co., Ltd., Hubei, China) could be consumed. After two weeks of acclimatization, a total of 360 healthy fish with a similar weight (24.22 ± 0.30 g) were selected for the experiment. The fish were placed in a random and equal manner throughout 12 cylindrical tanks (r = 0.5 m, h = 0.3 m), with 30 fish per tank.

Breeding strains of juvenile eels (BS) were obtained from the Zhuanghang Comprehensive Experiment Station of the Shanghai Academy of Agricultural Sciences, and acclimation was completed according to the same method. Similarly, a total of 360 healthy fish with a similar weight (24.16 ± 0.27 g) were selected for distribution in 12 cylindrical tanks.




2.2 Experimental design and sample

The test site was a greenhouse at the Zhuanghang Comprehensive Experiment Station of the Shanghai Academy of Agricultural Sciences, which had a thermostatic heating system. The initial temperature of the experimental group was 26°C, which corresponds to room temperature, and this was used as a constant water temperature for the control and unheated groups. The heat stress (HS) groups were set at 34°C and warmed at 1°C/h (the error is within ± 0.1°C). Ammonium chloride (NH4Cl) is a compound used as a source of ammonia to attain the appropriate concentration of ammonia in a solution. The actual concentration of nitrite-N in test solutions is measured using spectrophotometry. The ammonia concentration in the ammonia stress (AS) groups was maintained at 12.0 ± 0.5 mg/L. Eels in 12 tanks from WS were divided into four experimental groups (WS-CT, WS-HS, WS-AS, and WS-HS+AS), and each group consisted of three replicates. Eels from BS follow this method as (BS-CT, BS-HS, BS-AS, and BS-HS+AS).

For the WS and BS feeding experiments, growth performance was accomplished over an eight-week period, where the temperature was maintained at the same stress temperature (the error is within ± 0.3°C). The fish were manually fed at 16:00 each day with an amount of food equal to 4-5% of their body weight. Any food that was not eaten was collected within 30 min of feeding. It was then dried until it achieved a constant weight and finally weighed to determine the amount of food consumed. During the feeding trial, the aeration of the water was maintained constantly, and the rest of the water conditions were kept constant (dissolved O2 ≥ 5.8 mg/L, pH 7.2 ± 0.2). The tank’s water quality is regularly assessed six times a day using a portable water quality analyzer (model HQ40D, HACH, Colorado, USA) to measure water temperature, pH levels, and dissolved oxygen. After feeding was completed, the concentration of nitrite-N in the water was measured spectrophotometrically and adjusted to the same concentration as the preset concentration within two hours.

After fasting for 24 h, the survival rate of each tank was counted, and the weight and length of each fish were measured accurately. Then, a total of 144 fish were randomly selected (six fish per tank), after being anesthetized with 100 mg/L of MS-222 (Shanghai Reagent Corp., Shanghai, China), the liver and viscera were accurately weighed. A total of 72 fish were randomly selected (three fish per tank), the muscle, intestine, and liver tissues were stored at -80°C after being snap-frozen in liquid nitrogen.




2.3 Growth performance

The growth performance indices in this experiment were calculated using the following formula:

	

	

	

	

	

	

	

	

	




2.4 Biochemical analysis

Intestine and liver tissues from three fish in each tank were rinsed with ice-cold phosphate buffered saline (PBS) and then sliced into minute fragments. Tissue homogenates were obtained by utilizing a freshly made ice-cold saline solution (1:10 w/v). Afterwards, the homogenate was centrifuged at a speed of 4,000 rpm for 10 min at a temperature of 4°C. The liquid portion that settled at the top, known as the supernatant, was collected and stored for further measurement.

Commercially available kits (Nanjing Jiancheng Biotechnic Institute, Nanjing, China) were utilized to quantify the biochemical indicators of antioxidant enzyme (superoxide dismutase, catalase, and glutathione peroxidase) and biochemical indicators of body injury (alkaline phosphatase, acid phosphatase, and malondialdehyde) in the liver and intestine. Digestive enzymes (amylase, trypsin, and lipase) in the intestine were determined in the same way.




2.5 RNA extraction and quantitative polymerase chain reaction

Total RNA was extracted from intestine and liver tissues from three fish in each tank by Trizol reagent (Sigma, Burlington, USA). The reverse transcription was performed following the instructions provided by the cDNA synthesis kit (TaKaRa, Kusatsu, Japan). The gene sequence was acquired from GenBank, and qPCR primers (Table 1) were produced by Sangon Biotech Co., Ltd. (Shanghai, China).


Table 1 | Primer sequence for qPCR.



The Roche LightCycler®480 II Real-Time System (Roche, Basel, Switzerland) was used to perform qPCR, and the SYBR Green PCR Master Mix Kit (TaKaRa, Kusatsu, Japan) was utilized for this purpose. Each reaction system consisted of 10 µl of SYBR mix, 6.4 µl of ddH2O, 0.8 µl of forward primer, 0.8 µl of reverse primer, and 2 µl of cDNA as the template. A two-step PCR reaction procedure was used: pre-denaturation at 95°C for 30 s, 40 cycles of denaturation at 95°C for 5 s, and annealing at 60°C for 20 s. Following each qPCR experiment, a melting curve analysis was conducted on the products to verify their specificity. The relative abundance of target gene mRNA was calculated by R=2−ΔΔCt, β-actin was utilized as a calibration standard to standardize the expression of the target genes, each sample was replicated three times.




2.6 Statistical analysis

The data were calculated using Microsoft Excel and analyzed using SPSS 22.0 software. Differences in the same strain under different stress conditions were assessed by one-way analysis of variance (ANOVA) followed by Tukey’s test. Validation of differences between wild and breeding strains under the same stress conditions using independent-sample t-tests. The results were reported as means ± SD (standard deviation), and statistical significance was assessed using a P-value< 0.05.





3 Results



3.1 Survival rates and growth performance

Table 2 displays the growth performance of each group of eels in WS and BS under varying stress conditions. Under the same strain, the survival rate was lowest under the combined stress condition, followed by the ammonia stress condition, and highest under the heat stress condition. Under identical stress conditions, the survival rate of BS was higher than that of WS.


Table 2 | Effects of varying stress conditions on the growth performance of M. albus after 8 weeks.



Between WS and BS, the effects of stress conditions on growth performance were in ascending order: HS, AS, and HS+AS. But BS showed better growth performance in FBW, SR, WGR, SGR, and FCR compared to WS under the same stress conditions. HSI under combined stress showed a significant decrease (P< 0.05) compared to single-factor stress.




3.2 Antioxidant enzyme activity

The hepatic SOD activity exhibited a decreasing trend in response to stress (Figure 1A), while the activities of CAT and GSH had an increasing trend, with both significantly elevated (P< 0.05) under combined stress (Figure 1B, C). There was no significant change (P > 0.05) in the activity of SOD in the intestine (Figure 1D), but the activities of CAT and GSH exhibited an overall increasing trend, and both increased significantly (P< 0.05) under combined stress (Figure 1E, F).




Figure 1 | Effect of varying stress conditions on the antioxidant enzyme activity of M. albus after 8 weeks. Superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH). (A-C) SOD, CAT, and GSH activity in the liver, (D-F) SOD, CAT, and GSH activity in the intestine. Different letters indicate significant differences (P < 0.05), while the same letters indicate no significant differences (P > 0.05). Lowercase letters indicate differences between wild and breeding strains under the same stress conditions, uppercase letters indicate differences between stress conditions under the same strain.






3.3 Injury-indicating enzyme activity

The liver and intestine activities of AKP and ACP showed different trends of decrease, with the lowest levels observed under combined stress in the WS and ammonia stress in the BS (Figure 2A, B, D, E). The levels of MDA showed an increase in both the liver and the intestine, and in general, the BS exhibited lower activity compared to the WS (Figure 2C, F).




Figure 2 | Effect of varying stress conditions on the injury-indicating enzyme activity of M. albus after 8 weeks. Alkaline phosphatase (AKP), acid phosphatase (ACP), and malondialdehyde (MDA). (A-C) AKP, ACP, and MDA activity in the liver, (D-F) AKP, ACP, and MDA activity in the intestine. Different letters indicate significant differences (P < 0.05), while the same letters indicate no significant differences (P > 0.05). Lowercase letters indicate differences between wild and breeding strains under the same stress conditions, uppercase letters indicate differences between stress conditions under the same strain.






3.4 Growth-related gene expression

The mRNA expression of gh in muscle exhibited a significant decrease (P< 0.05) in both WS and BS, with both reaching a minimal level under combined stress (Figure 3).




Figure 3 | Effect of varying stress conditions on the growth-related gene expression of M. albus after 8 weeks. Different letters indicate significant differences (P < 0.05), while the same letters indicate no significant differences (P > 0.05). Lowercase letters indicate differences between wild and breeding strains under the same stress conditions, uppercase letters indicate differences between stress conditions under the same strain.






3.5 Immune-related gene expression

The levels of mRNA expression of genes (il-1β, il-8, il-10) associated with immunity in the liver and intestine were measured to investigate intestinal health under varying stress conditions. Across all stress conditions, the expression of il-1β and il-8 was markedly elevated under the same strain. However, the increase in BS expression was not as pronounced as the increase in WS expression under the same stress conditions (Figure 4A, B, D, E). Conversely, the levels of il-10 expression exhibited a declining pattern; furthermore, when subjected to identical stress circumstances, the decline in BS expression was less pronounced compared to WS (Figure 4C, F).




Figure 4 | Effect of varying stress conditions on the immune-related gene expression of M. albus after 8 weeks. Interleukin-1 β (il-1β), interleukin-8 (il-8), and interleukin-10 (il-10). (A-C) Relative mRNA expression of il-1β, il-8, and il-10 in the liver, (D-F) Relative mRNA expression of il-1β, il-8, and il-10 in the intestine. Different letters indicate significant differences (P < 0.05), while the same letters indicate no significant differences (P > 0.05). Lowercase letters indicate differences between wild and breeding strains under the same stress conditions, uppercase letters indicate differences between stress conditions under the same strain.






3.6 Antioxidant-related gene expression

The analysis of antioxidant-related gene expression revealed that, with the exception of cat in the liver and sod1 in the liver and intestine, all genes (hsp90α and gpx3) exhibited elevated expression to varying extents, with the maximum expression observed under combined stress (Figure 5).




Figure 5 | Effect of varying stress conditions on the antioxidant-related gene expression of M. albus after 8 weeks. Heat shock protein 90-α (hsp90α), superoxide dismutase 1 (sod1), catalase (cat), and glutathione peroxidase 3 (gpx3). (A–D) Relative mRNA expression of hsp90α, sod1, cat, and gpx3 in the liver, (E–H) Relative mRNA expression of hsp90α, sod1, cat, and gpx3 in the intestine. Different letters indicate significant differences (P < 0.05), while the same letters indicate no significant differences (P > 0.05). Lowercase letters indicate differences between wild and breeding strains under the same stress conditions, uppercase letters indicate differences between stress conditions under the same strain.






3.7 Apoptosis-related gene expression

Under each stress condition, the expression of cas2, cas8, and cas9 in the liver and intestine was up-regulated. In contrast, zo-1 showed a down-regulated expression pattern (Figure 6). In general, the patterns of expression between WS and BS were similar, with no notable discrepancies.




Figure 6 | Effect of varying stress conditions on the apoptosis-related gene expression of M. albus after 8 weeks. Caspase 2 (cas2), caspase 8 (cas8), caspase 9 (cas9), and tight junction protein-1 (zo-1). (A–D) Relative mRNA expression of cas2, cas8, cas9,  and zo-1 in the liver, (E-H) Relative mRNA expression of cas2, cas8, cas9, and zo-1 in the intestine. Different letters indicate significant differences (P < 0.05), while the same letters indicate no significant differences (P > 0.05). Lowercase letters indicate differences between wild and breeding strains under the same stress conditions, uppercase letters indicate differences between stress conditions under the same strain.







4 Discussion

Aquatic organisms might experience growth inhibition or death when exposed to ammonia and elevated temperatures for an extended period (Paust et al., 2011; Chen et al., 2019; Dettleff et al., 2022). Hence, it is crucial to investigate the growth performance of fish under such stress conditions and elucidate the underlying factors contributing to it.

The current study shows that after eight weeks of feeding experiments, the FBW, WGR, and SGR of eels experienced a substantial decrease when subjected to either HS or AS stress individually. Furthermore, this suppression was further intensified when the eels were exposed to combined stress (HS+AS) together. This was verified by its impact on survival, as both WS and AS exhibited elevated death rates when exposed to the combined exposure. This phenomenon could be attributed to the reduction in the rate of food intake experienced by the fish when subjected to stressful circumstances, a finding that has been corroborated in other fish species, including yellow catfish (Pelteobagrus fulvidraco) (Wang et al., 2024), tra catfish (Pangasianodon hypophthalmus) (Lee et al., 2023), and largemouth bass (Micropterus salmoides) (Du et al., 2024). This phenomenon can be more intuitively explained by the significant decrease in the expression of growth-related genes in muscle.

Tissue damage has been identified as the cause of impaired one of growth performance in aquatic species exposed to heat stress and ammonia stress in the water column. Aquatic species experienced altered metabolic, immunological, and oxidative processes, leading to decreased growth and elevated rates of death and morbidity (Kolarevic et al., 2013; Zhang et al., 2019; Esam et al., 2022). Oxidative stress in fish is a reaction to external environmental conditions, including temperature, low oxygen levels, salinity, ammonia concentration, and other stressors. It serves as a crucial detoxification mechanism for aquatic species in response to environmental stresses (Birnie-Gauvin et al., 2017; Zhang et al., 2020). Reactive oxygen species (ROS) are products produced under physiological or pathological conditions, and the balance of ROS is thought to be relevant in apoptosis, control of signaling, and maintaining homeostasis in vivo (Ye et al., 2023). In typical circumstances, oxygen-free radicals are normal products of tissue metabolism, but oxidative stress arises when the formation of ROS surpasses the cellular antioxidant capability, resulting in structural harm caused by ROS (Horssen et al., 2008).

SOD, CAT, and GSH-Px play a crucial role in combating ROS by transforming them into harmless metabolites, thereby efficiently avoiding the buildup of ROS (Rahimnejad et al., 2020; Zhu et al., 2023). Our investigation revealed that the activities of CAT and GSH in the liver and intestine were elevated in response to oxidative stress induced by various stressors, but there was no significant change in SOD. The explanation was elucidated through studies on the expression of related antioxidant genes. The organism up-regulated the expression of cat and gpx4 in response to long-term environmental stress. The decrease in sod expression was likely caused by the inhibitory effects of ammonia and heat stress, which were especially noticeable under combined stress. Heat shock proteins are biomarkers of a stress response that carry out distinct protective roles in all living species (Wan et al., 2020). hsp90α, as a member of the heat shock protein family, can enhance immunological and antioxidant abilities in reaction to environmental stress by activating both innate and adaptive cellular immunity (Hoter et al., 2018). This gene’s expression is also increased in the liver and intestines, indicating its role in the body’s antioxidant response. AKP and ACP, functioning as biomarker enzymes, are crucial components of lysosomal enzymes. They are widely present in tissues and play a significant role as hydrolytic enzymes in immune defense, and their activity levels reflect the strength of tissue immunity (Song et al., 2006; Elabd et al., 2016). MDA also functions as a biomarker enzyme, and its concentration can indirectly indicate the antioxidant capability of lipids (Kanner and Lapidot, 2001). The findings of our study demonstrated that the levels of AKP and ACP were decreased to different extents in both the liver and intestine, whereas MDA was dramatically elevated, indicating the occurrence of oxidative stress in the tissues. Remarkably, BS outperformed WS in its ability to counteract oxidative damage under the same stress conditions.

The expression of mRNAs associated with intestinal and liver immunity in eels further revealed that environmental stress can modify immune responses. Activation of inflammatory cytokines induces a range of pro-inflammatory cytokines (il-1β and il-8) (Luissint et al., 2016). In innate immunity, these cytokines are recruited by macrophages, neutrophils, and lymphocytes to infected tissues and ultimately trigger inflammation as a response to pathogen infection (Yusuf et al., 2020). il-1β is primarily released by activated macrophages and activates diverse pro-inflammatory transcription factors in various target cells, leading to the release of other inflammatory molecules (Zhu et al., 2013). il-8, a chemokine, primarily stimulates the movement of neutrophils towards the gastrointestinal mucosa as a result of inflammation, damage, and infection (Lemme-Dumit et al., 2022). il-10 has demonstrated efficacy in suppressing the production of pro-inflammatory chemicals, hence safeguarding the integrity of the intestinal mucosal barrier, known as an anti-inflammatory cytokine (Zhao et al., 2020). The results of our study showed a large increase in the expression of il-1β and il-8 in both the liver and intestine under various stress conditions; conversely, the expression of il-10 showed a considerable decrease. This indicates that the tissue experiences an inflammatory response when exposed to the environment. zo-1 is a tight junction protein, plays a vital role in preserving the structural integrity and optimal functioning of intact epithelial cells (Turner, 2009). Caspase activity serves as a reliable indication of apoptosis in fish cells (Zhang et al., 2023). cas2, cas8, and cas9 have significant functions in the processes of apoptosis and immune response (Fu et al., 2020; Cui et al., 2023). The current work demonstrates that the expression of cas2, cas8, and cas9 was increased in response to ammonia and heat stress, whereas the expression of zo-1 was decreased. This suggests a potential association between apoptotic pathways that rely on caspase activity and these two types of stress.




5 Conclusion

In summary, the presence of ammonia and heat stress seemed to inhibit the growth performance of both wild and breeding eels; these inhibitory effects were more noticeable when combined with stress. In response to oxidative stress, they have upregulated the activity and gene expression of immune-related enzymes, while the results of some indicator enzymes suggest the occurrence of oxidative damage in their tissues. The presence of an inflammatory response in the tissues was suggested by the up-regulation of genes associated with pro-inflammatory cytokines and the down-regulation of genes related to anti-inflammatory cytokines. Furthermore, the up-regulation of genes connected to apoptosis revealed tissue damage. Nevertheless, it is worth noting that breeding strains exhibited superior adaptability to ammonia and heat stress in comparison to wild strains.
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FBW : Final body weight (g).
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FCR : Feed conversion rate = feed intake/(FBW — IBW)
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IBW : Initial body weight (g).
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SGR :Specific growth rate( % /d) = 100 x (In FBW -In IBW)/56 d.
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VSI: Viscerosomatic index( %) = 100 % x viscera weight/ FBW.
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WGR : Weight gain rate( %) = 100 x (FBW — IBW)/IBW.
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Genes

Primers (5’ - 3)

Accession No.

hsp90ax F: 5 GTAGGCTGGGCTTTCTCGAAT 3 XM_020603713.1
R: 5’
GTGTGCTTCAGGCATCTCTATC 3’

il-1p F: 5" AGCACTGAAGCCAGACCA 3’ XM_020585780.1
R: 5 GAACAGAAATCGCACCATA 3’

il-8 F: 5" CGCTACTGGTTCTGCTTAC 3’ XM_020597092.1
R: 5 CAGGATTCACCTCCACATT 3’

il-10 F: 5" CTGTCCATCCTGGTTCTCC 3’ XM_020593115.1
R: 5" CGCCGTGTCTAGGTCATT 3’

zo0-1 F: 5" TGGCAGTCAAAGAAGTCG 3’ XM_020621576.1
R: 5 GTCCAGGCTGAGCATACA 3’

gpx3 F: 5 TACAAATACCAGGCAAAGA 3 XM_020593355.1
R: 5> AATCCAAGAACGGTGAGT 3

cat F: 5> CCTACCCAGACACCCAT 3’ XM_020624985.1
R: 5 TTATCAAATACGCACATCG 3’

sodl F: 5> AGATCATGTTGCCAAGATAG 3’ XM_020598412.1
R: 5> ACTCCACAAGCCAGACG 3’

ghl F: 5> TCCTGCTATCAGTCCTATCT 3’ XM_020621687.1
R: 5 AGTTGACGCTGCTCCTC 3’

cas2 F: 5> GAAGAGCGAGGGTCAGT 3’ XM_020610781.1
R: 5 TCCTGGGTTGGAAATGG 3’

cas8 F: 5 GAGGGTTTGGGAGCATA 3’ XM_020596453.1
R: 5 CAATCTTTATCAGTCGCAGT 3’

cas9 F: 5> AAGTCACAACCGCTTCC 3’ XM_020612566.1
R: 5> CTCTTTCACCTCCTCCAC 3’

PB-actin F: 5" GCGTGACATCAAGGAGAAGC 3’ XM_020621264.1
R: 5 CTCTGGGCAACGGAACCTCT 3’

hsp90at, heat shock protein 90-0; il- 1, interleukin-1 f; il-8, interleukin-8; il-10, interleukin-
10; zo-1, tight junction protein-1; gpx3, glutathione peroxidase 3; cat, catalase; sodl,
superoxide dismutase 1; ghl, growth hormone 1; cas2, caspase 2; cas8, caspase 8; cas9,
caspase 9.
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CF:Condition factor( %)
100% x 100 x (body weight)/ (body length)3.






