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After 56 days of culture experiment, spotted seabass (Lateolabrax japonicus) (10 fish per
tank) fed diets with similar dietary iron levels (63, 188, and 554 mg/kg) were subjected to
a 24-hour nitrite stress challenge at 27 °C and 33 °C, respectively. Nitrite stress
significantly reduced the levels of hematocrit (HCT), red blood cell (RBC) and hemoglobin
(Hb). The reduction in the 33 °C group was greater than that in the 27 °C group, and the
decrease in the 63 mg/kg iron level group was the largest. The main impact analysis
revealed that when the dietary iron level rose from 63 mg/kg to 554 mg/kg, the contents

of red blood cell (RBC), white blood cell (WBC), and hemoglobin (Hb) in the blood and
the activities of total antioxidant capacity (T-AOC) and catalase (CAT) in the serum
significantly increased (P< 0.05). The group with an iron level of 188 mg/kg showed a
considerably lower serum malondialdehyde (MDA) content than the group with an iron
level of 63 mg/kg (P< 0.05). The 63 mg/kg iron level group observed substantial decreases
(P< 0.05) in hemoglobin (Hb) and total antioxidant capacity (T-AOC) under 27 °C, but
dietary 188 and 554 mg/kg iron mitigated this phenomenon.

Iron deficiency and high temperatures facilitated the formation of methemoglobin
(MetHb). This study demonstrated that spotted seabass is more susceptible to the
physiological harm caused by nitrite at 33 °C than at 27 °C. Iron deficiency exacerbated
the risk of hemocytopenia, oxidative stress and hypoxia. Dietary iron fortification could
enhance tolerance by enhancing antioxidant capacity and blood homeostasis.

INTRODUCTION

Nitrite is a common pollutant in aquatic environments and
is toxic to a wide range of aquatic organisms, even at low
concentrations naturally present in water bodies. However,
high-density farming and overfeeding in intense aquacul-
ture lead to the accumulation of nitrogen-containing or-
ganic compounds such as leftover feed and excrement in
water, which causes an imbalance between nitrification and
denitrification and the accumulation of nitrite.! Nitrite ex-
posure has been shown to adversely affect various physi-
ological processes in aquatic animals, including blood pa-
rameters, metabolic function, antioxidant defense
mechanisms, and immune responses. Studies on aquatic
animals such as grass carp (Ctenopharyngodon idellus ) and
Labeo rohita juveniles have shown that nutrients such as se-
lenium and vitamin C can improve nitrite-induced oxida-
tive stress and increase antioxidant capacity, thereby alle-
viating its toxicity.23

Iron is one of the essential trace mineral elements for
fish. Serving as the active center or cofactor for most pro-
teins, enzymes, and hormones in the body, iron plays an
important role in various physiological and biochemical
processes, such as material transport, energy metabolism,
and immune response.4 Studies have found that iron sup-
plementation in the diet of rainbow trout (Oncorhynchus
mykiss) can improve its growth performance and intestinal
tissue morphology.> When nitrite accumulates excessively
in the blood, the Fe?* in hemoglobin is easily oxidized by
nitrite ions (NO,") into methemoglobin (MetHb), which has
poor oxygen-carrying capacity, leading to tissue hypoxia.®

The entire life cycle of fish occurs within the aquatic en-
vironment, and temperature fluctuations constantly impact
the growth and development process of fish.” Studies on
pikeperch (Sander lucioperca) and African catfish (Clarias
gariepinus) have found that heat stress decreased fish
growth performance and caused immune dysfunction and
tissue damage.8? In natural water bodies, there are three
main forms of nitrogen: ammonia nitrogen, nitrite nitro-
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gen, and nitrate nitrogen, all of which are in a dynamic
equilibrium state. Once the water temperature rises, the
dynamic balance of nitrification is disrupted, and the con-
centration of nitrite nitrogen increases accordingly, causing
serious negative effects on aquatic animals and plants.0
The suitable temperature range for the growth of spotted
seabass (Lateolabrax japonicus) is 16-27 °C, while in the
main aquaculture areas in the south, the water temperature
often exceeds 30 °C in summer, which is detrimental to
the growth and health of spotted seabass.!! The ability of
spotted seabass to withstand nitrite stress when fed diets
containing different levels of iron at various temperatures
is worth exploring, and the interaction between tempera-
ture and iron on the resistance of spotted seabass to ni-
trite stress is still unknown. Therefore, the current study
was aimed to investigate the effects of temperature and di-
etary iron level on spotted seabass under nitrite stress.

MATERIALS AND METHODS

NITRITE CONCENTRATION DESIGN

Before the stress test, five nitrite nitrogen concentration
groups were set up (30, 60, 90, 120, and 150 mg/L), with
four replicate tanks per group (two replicates at 27 °C and
two at 33 °C). After being moved from holding tanks to ex-
perimental tanks (10 fish per tank), spotted seabass individ-
uals that were comparable in size to those on day 56 of the
culture experiment were counted within 24 hours. Feeding
was stopped during the experiment, and an LED-lit con-
tinuous aeration system (12L:12D) was employed. Two air
stones were installed in each tank to keep the recirculating
water’s dissolved oxygen content at > 7 mg/L and its pH be-
tween 7.0 and 7.5. The 24-hour 40 % LCj, values for spotted
seabass at 27 °C and 33 °C were determined by linear inter-
polation to be 29.2 and 22.8 mg/L, respectively.

NITRITE STRESS EXPERIMENT DESIGN

After the 56-day culture experiment and a 2-day acclima-
tion period, spotted seabass with similar sizes were selected
from the 63 mg/kg, 188 mg/kg, and 554 mg/kg iron groups
(10 fish per tank) for a 24-h stress test. Feeding was with-
held during the test. Sodium nitrite (NaNO,) is added with
water to prepare 10 g/L. NaNO, mother liquor for regulating
water quality. The nitrite concentration in water is mea-
sured by the national standard method, and the nitrite ni-
trogen concentration is maintained at 29.2 mg/L (27 °C
group) and 22.8 mg/L (33 °C group).

SAMPLE COLLECTION

After 24 h of stress, caudal venipuncture was performed on
two fish per tank, and whole blood was immediately trans-
ferred into 2 mL EDTA-containing tubes for hematological
analysis. Serum was obtained from remaining blood sam-
ples after overnight standing at 4 °C, followed by centrifu-
gation. Liver tissues were collected and stored at -80 °C for
subsequent RNA extraction. Blood samples from the cau-
dal vein were collected in sterile 1.5mL centrifuge tubes.
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The collected blood was left overnight at 4 °C, after which
serum was separated by centrifugation (4000 xg, 10 min)
and stored at -80 °C for later use. Viscera, liver, and abdom-
inal fat weight was measured to compute body parameters.
Additionally, liver and midgut tissues were placed in 5mL
cryovials and stored at -80 °C for further analysis.

DETERMINATION METHODS OF BLOOD ROUTINE
PARAMETERS

Red blood cell (RBC) count, hematocrit (Hct), and white
blood cell (WBC) count were measured using a Mindray
BC 5000vet hematology analyzer. Hemoglobin (Hb) and
(MetHb) content in the blood were determined using stan-
dard assay kits (Jiancheng Bioengineering Institute, Nan-
jing, China), following the manufacturer’s instructions.

DETERMINATION METHODS OF SERUM ANTIOXIDANT
PARAMETERS

Serum antioxidant biomarkers, including total antioxidant
capacity (T-AOC), superoxide dismutase (SOD), catalase
(CAT) enzymatic activities, and malondialdehyde (MDA)
concentrations, were quantified through colorimetric as-
says with commercial kits (Jiancheng Bioengineering Insti-
tute, Nanjing, China), strictly adhering to standardized pro-
tocols.

DETERMINATION METHODS OF LIVER HIF GENE
SEQUENCE AND EXPRESSION LEVELS

Total RNA was extracted from intestinal and liver tissues
using the FastPure Tissue Total RNA Isolation Kit (Vazyme,
China), following the manufacturer’s instructions. RNA
quality was assessed using a NanoDrop 2000 spectropho-
tometer (Thermo Fisher, Wilmington, USA).RNA integrity
was verified via agarose gel electrophoresis. cDNA was syn-
thesized using the All-in-One First-Strand cDNA Synthesis
Kit (TransGen Biotech, China). RT-qPCR was performed on
the ABI StepOne Plus system (Thermal Cycler, USA) using
the ChamQ Universal SYBR qPCR Master Mix (Vazyme,
China).he reaction system was 20 pL, with the following
conditions: Stage 1: 95 °C for 30 s; Stage 2: 95 °C for 10 s,
followed by 40 cycles at 60 °C for 30 s; Stage 3: 95 °C for 15
s. Primers for target genes were designed based on spotted
seabass transcriptome data, and their sequences are listed
in Tablel.Relative gene expression levels were calculated
using the 2-AACt method (Table 1).

DATA ANALYSIS

SPSS 22.0 was employed for conducting statistical analysis
of the experimental data. After confirming normality with
the Shapiro-Wilk test and homogeneity of variances with
Levene’s test, differences were examined using two-way
ANOVA followed by Tukey’s post-hoc test, with significance
set at P< 0.05. Different lowercase letters indicate signif-
icant differences before nitrite stress (P< 0.05). Different
capital letters showed significant differences after nitrite
stress (P< 0.05). “*” indicates that there was a significant
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Table 1. Sequences of the PCR primers of spotted seabass

Amplicon length

Genes Primers (5-3') (bp) Annealing temp (°C)
. F CAACTGGGATGACATGGAGAAG
B-actin 114 60
R TTGGCTTTGGGGTTCAGG
hifla F ACACAGGCAATGGCAGACTT 158 60
R TGGATGTCCTGTGTGACGTG

Table 2. Haematological parameters of spotted seabass after nitrite stress

Water Temperature ('C) zfﬁg”/tz)ve' RBC (10"12/1) Hb (g/L) HCT (1079 /1) WBC (109 /1)
27 63 2.05 50.93 41.10 1.53
188 2.37 69.62 51.83 321
554 2.75 70.05 59.87 442
33 63 1.68 53.01 32.23 1.06
188 2.28 72.74 49.40 2.40
554 2.53 70.90 56.83 3.42
Pooled S.E.M. 0.22 3.57 4.52 0.62
Water Temperature
27 2.39 63.53 50.93 3.05
33 2.16 65.55 46.16 229
Iron Level
63 1.86a 51.97a 36.67a 1.30a
188 2.32ab 71.18b 50.62b 2.80ab
554 2.64b 70.48b 58.35b 3.92b
P value
Water Temperature 0.273 0.530 0.274 0.188
Iron Level 0.024 <0.001 0.004 0.007
Water Temperature x Iron Level 0.852 0.957 0.789 0.921

Note: Different letters within a row indicate significant differences (P<0.05). RBC:red blood cell, Hb: hemoglobin, HCT: hematocrit, WBC: white blood cell.

difference before and after nitrite stress at the same tem-
perature and iron level (P< 0.05). “#” indicated that there
was a significant difference between the two water temper-
atures at the same iron level after nitrite stress (P< 0.05).

RESULTS

ROUTINE PARAMETERS IN THE SPOTTED SEABASS
BLOOD

The content of RBC, Hb, WBC, and HCT in the blood of
spotted seabass showed significant variation with dietary
iron levels (P< 0.05), whereas water temperature and the in-
teraction between water temperature and iron levels exhib-
ited no significant effects (P> 0.05). As dietary iron levels
increased from 63 mg/kg to 554 mg/kg, the contents of the
RBC, Hb, WBC, and HCT in the blood increased significantly
(P< 0.05) (Table 2).

Nitrite stress caused a decrease in the content of the
HCT, RBC, and Hb in the blood of spotted seabass across all
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treatment groups.The average reduction in the 33 °C group
was greater than in the 27 °C group, and among different
iron levels, the 63 mg/kg iron group showed the largest av-
erage decline. Compared to before stress, the content of the
Hb in the blood of the 63 mg/kg iron group decreased sig-
nificantly after the stress at 27 °C (P< 0.05), while this re-
duction was alleviated in the 188 mg/kg and 554 mg/kg iron
groups (P> 0.05) (Table 3) (Figure 1).

The blood MetHb content of spotted seabass in the 63
mg/kg iron group was significantly higher than in the 188
and 554 mg/kg high-iron groups at 27 °C following nitrite
stress (P< 0.05). However, no significant differences in the
blood MetHb content were observed among the iron groups
at 33 °C (P> 0.05). Moreover, compared to both 27 °C and 33
°C conditions, the blood MetHb content of each iron group
increased significantly (P< 0.05) (Figure 2).
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Table 3. The changes of haematological parameters before and after nitrite stress

Index x\éa)ter Temperature Iron Level(mg/kg) Average
63 188 554
27 -27.47 -32.80 -19.30 -26.52
RBC 33 -49.95 -43.37 -38.07 -43.80
Average -38.71 -38.08 -28.68
27 -25.00 -14.39 -11.60 -17.00
Hb 33 -39.85 -23.91 -27.32 -30.36
Average -32.42 -19.15 -19.46
27 -33.30 -20.44 -7.16 -20.30
Hct 33 -48.05 -24.48 -19.44 -30.66
Average -40.67 -22.46 -13.30
27 -58.96 -55.25 23.44 -30.26
WBC 33 -70.42 -52.24 -15.31 -45.99
Average -64.69 -53.75 4.06

Note: Change range (%) = (value after stress - value before stress)/value before stress x 100. RBC:red blood cell, Hb:

hemoglobin, HCT: hematocrit, WBC: white blood cell.
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Figure 1. Hematological parameters of spotted seabass under nitrite stress conditions.

Note: Different lowercase letters indicate significant differences before nitrite stress (P < 0.05). Different capital letters showed significant differences after nitrite stress (P < 0.05). “*”
indicates that there was a significant difference before and after nitrite stress at the same temperature and iron level (P < 0.05). Error bars represent the standard error of the mean

(SEM; n = 3). RBC: red blood cell, Hb: hemoglobin, HCT: hematocrit, WBC: white blood cell.

EXPRESSION OF HIF GENE IN LIVER OF SPOTTED
SEABASS

The content of hepatic hypoxia-inducible factor (hif) gene
expression in spotted seabass from the 63 mg/kg group was
significantly higher than in the 554 mg/kg group at the
same temperature (P< 0.05). At the same iron level, the con-
tent of hif gene expression was significantly higher in the 33
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°C group than in the 27 °C group (P< 0.05).Compared to be-
fore stress, the content of hif gene expression in the liver of
the 63 mg/kg iron group increased significantly after stress
at 27 °C (P< 0.05), while this increase was mitigated in the
188 mg/kg and 554 mg/kg iron groups (P> 0.05).Under 33
°C conditions, the content of hif gene expression in all iron
groups were significantly higher after stress than before (P<

0.05) (Figure 3).
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Figure 2. MetHb content in spotted seabass blood
under nitrite stress.

Note: Different lowercase letters indicate significant differences before nitrite stress (P <
0.05). “*” indicates that there was a significant difference before and after nitrite stress
at the same temperature and iron level (P < 0.05). Error bars represent the standard error
of the mean (SEM; n = 3). MetHb: methemoglobin.
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Figure 3. hif mRNA expression dynamics in spotted
seabass liver during nitrite stress exposure.

Note: Different lowercase letters indicate significant differences before nitrite stress (P <
0.05). Different capital letters showed significant differences after nitrite stress (P <
0.05). “*” indicates that there was a significant difference before and after nitrite stress
at the same temperature and iron level (P < 0.05). “#” indicated that there was a signifi-

cant difference between the two water temperatures at the same iron level after nitrite
stress (P < 0.05). Error bars represent the standard error of the mean (SEM; n = 3).

SERUM ANTIOXIDANT PARAMETERS OF SPOTTED
SEABASS

The content of serum MDA in the 33 °C group was signifi-
cantly higher than in the 27 °C group (P< 0.05), with water
temperature as the primary determinant, but serum T-AOC,
SOD, and CAT activity were not significantly impacted by
water temperature (P> 0.05). Iron level was the main driver,
and spotted seabass showed significant increases in serum
T-AOC concentration and CAT activity when dietary iron
levels increased from 63 mg/kg to 554 mg/kg (P< 0.05). Ad-
ditionally, the 63 mg/kg group’s serum MDA concentration
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was considerably higher than that of the 188 mg/kg group
(P< 0.05), but it did not change significantly from the 554
mg/kg group (P> 0.05). Dietary iron consumption had no
discernible effect on serum SOD activity (P> 0.05). The in-
teraction between water temperature and iron content did
not substantially affect the previously described antioxi-
dant measurements (P> 0.05) (Table 4).

Nitrite stress caused decreases in the serum SOD and
CAT activity and T-AOC across all treatment groups, with
the 33 °C group seeing a larger average decline than the
27 °C group. After stress at 27 °C, the 63 mg/kg group’s
serum T-AOC concentration dramatically dropped (P< 0.05)
in comparison to before stress, although this decline was
mitigated in the 188 mg/kg and 554 mg/kg groups (P> 0.05).
Furthermore, all iron groups saw an increase in serum MDA
level as a result of nitrite stress, with the average rise being
higher in the 27 °C group than in the 33 °C group. Serum
MDA levels in the 63 mg/kg and 188 mg/kg groups increased
considerably after stress at 27 °C (P<0.05) compared to be-
fore stress, although this rise was mitigated in the high-
iron group (554 mg/kg) (P>0.05). Nitrite stress had no dis-
cernible impact on the levels of the serum T-AOC and MDA
in any of the iron groups at 33 °C (P>0.05) (Table 5) (Figure
4).

DISCUSSION

Nitrite in water exists in two ways: external point source
pollution and internal nitrogen cycle disorder.12 Under nor-
mal conditions, the nitrogen cycle maintains a stable dy-
namic cycle, but high temperature will lead to the disorder
of nitrogen cycle of nitrite, thus increasing the concentra-
tion of nitrite. Nitrite ions (NO,") in water can enter fish via
chloride cell absorption sites on gill plates, accumulate in
the blood, and cause a series of physiological process dis-
orders and even death.!3 Following the method of Lin et
al.,14 an acute nitrite stress test was conducted on spotted
seabass after 8 weeks of culture, using 40% LC; nitrite con-
centrations for 24 h at two different temperatures, to assess
the effect of dietary iron levels on the resistance of spot-
ted seabass to nitrite stress. In this study, compared to be-
fore nitrite stress, the values of RBC, Hb, and HCT in the
blood of spotted seabass decreased after nitrite stress, in-
dicating the damaging effect of nitrite exposure on blood
cells, which is similar to the findings in studies on common
carp (Cyprinus carpio)'5 and yellow catfish (Pelteobagrus ful-
vidraco).16 After nitrite stress, the values of RBC, Hb, HCT,
and WBC in the blood of spotted seabass increased with in-
creasing dietary iron levels. Additionally, the decline in Hb
and HCT in the blood after stress was significantly atten-
uated in the 188 mg/kg group compared to the 63 mg/kg
group. These results suggest that supplementing the diet
with an appropriate amount of iron can mitigate the toxic
effects of nitrite on blood cells, which may be attributed to
the favorable effect of adequate iron intake on red blood
cell production in fish under external stress.

Nitrite ions entering the bloodstream oxidize Fe?* in he-
moglobin to Fe3*, forming MetHb with poor oxygen-car-
rying capacity, ultimately causing cellular hypoxia.l” The
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Table 4. Serum antioxidant parameters of spotted seabass before and after nitrite stress

Water Temperature (°C) :rmog/llz;/el T-AOC (mmol/L) SOD (U/mL) CAT (U/mL) MDA (nmol/mL)
27 63 0.70 24.89 1.67 23.56
188 1.03 25.00 3.54 16.98
554 1.05 2541 441 18.91
33 63 0.96 23.62 272 23.55
188 1.04 24.97 3.22 22.87
554 1.06 24.35 3.02 22.37
Pooled S.E.M. 0.05 0.59 0.43 1.02
Water Temperature
27 0.93 25.10 321 19.82A
33 1.02 24.32 2.99 22.93B
Iron Level
63 0.83a 2426 2.20a 23.56b
188 1.03b 24.99 3.38ab 19.92a
554 1.05b 24.88 3.71b 20.64ab
P value
Water Temperature 0.074 0.162 0.564 0.007
Iron Level 0.004 0.493 0.015 0.022
Water Temperature x lron Level 0.089 0.600 0.058 0.079

Note: Different letters within a row indicate significant differences (P<0.05). SOD: superoxide dismutase, MDA: malondialdehyde, T-AOC: antioxidant capacity, CAT: catalase.

Table 5. The changes of serum antioxidant parameters before and after nitrite stress

Index zlo\éa)ter Temperature Iron Level(mg/kg) Average
63 188 554
27 -18.72 -5.56 -1.35 -8.54
T-AOC 33 -12.00 -17.07 -13.80 -14.29
Average -15.36 -11.31 -7.57
27 -39.48 -44.43 -49.82 -44.58
SOD 33 -55.20 -63.23 -63.46 -60.63
Average -47.34 -53.83 -56.64
27 -60.65 -50.80 -52.75 -54.73
CAT 33 -50.60 -64.22 -68.33 -61.05
Average -55.62 -57.51 -60.54
27 58.66 29.44 13.39 33.83
MDA 33 20.63 1.78 2.92 8.44
Average 39.64 15.61 8.15

Note: Change range (%) = (value after stress - value before stress)/value before stress x 100. SOD: superoxide dismutase, MDA: malondialdehyde, T-AOC: antioxidant capacity, CAT:

catalase.

hif is the most critical signaling molecule in the cellular
hypoxia response,!8 and increased blood MetHb levels and
upregulated tissue hif expression have been confirmed in
fish under nitrite exposure.1? In this study, nitrite stress at
27 °C caused a significant decrease in blood Hb content and
hepatic hif expression in the 63 mg/kg iron group, but this
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reduction was alleviated in the 188 mg/kg and 554 mg/kg
iron groups. Additionally, blood MetHb content in the 188
mg/kg and 554 mg/kg iron groups was significantly lower
than in the 63 mg/kg iron group. These findings demon-
strate that dietary iron supplementation alleviates nitrite-
induced hypoxia, potentially attributable to the heightened
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Figure 4. Serum antioxidant parameter dynamics in spotted seabass under nitrite stress.

Note: Different lowercase letters indicate significant differences before nitrite stress (P < 0.05). Different capital letters showed significant differences after nitrite stress (P < 0.05). “*”
indicates that there was a significant difference before and after nitrite stress at the same temperature and iron level (P < 0.05). Error bars represent the standard error of the mean
(SEM; n = 3). SOD: superoxide dismutase, MDA: malondialdehyde, T-AOC: antioxidant capacity, CAT: catalase.

susceptibility of iron-deficient fish with low Hb levels to
MetHb formation upon nitrite exposure. Temperature is a
key environmental factor that influences nitrite toxicity.
Kroupova et al.20 exposed two groups of common carp to
water with high nitrite concentrations at 14 °C and 20 °C
for 48 h, and found that the plasma nitrite concentrations
of common carp were significantly higher at higher temper-
atures (20 °C). In present study, the decrease in blood RBC,
Hb, and WBC after stress was greater in the 33 °C group
than in the 27 °C group. Additionally, in the same iron level
group, blood MetHb content after stress was significantly
higher in the 33 °C group than in the 27 °C group. These
results suggest that nitrite has a greater negative impact
on spotted seabass at high temperatures, which may be due
to increased energy and oxygen consumption in fish at ele-
vated temperatures, as well as an increased rate of ion ex-
change, leading to greater nitrite uptake.2!

One of the toxicological effects of nitrite is its disruption
on the red blood cell membrane redox system, induction
of reactive oxygen species production, weakening of the
antioxidant capacity of whole blood, and induction of ox-
idative damage to proteins, lipids, and cell membranes.22
In this study, serum SOD and CAT activities and total T-
AOC decreased, and MDA content increased in each iron
level group after nitrite stress, indicating impaired antiox-
idant status. Similar results have been reported in studies
on grass carp?3 and spotted seabass.?* In this study, com-
pared to the 63 mg/kg iron group, serum T-AOC and MDA
content in the 188 mg/kg iron group increased significantly
after nitrite stress, indicating that iron supplementation
can help alleviate oxidative damage caused by nitrite stress.

Israeli Journal of Aquaculture - Bamidgeh

This may be attributed to the weakening of antioxidant sta-
tus and negative impact of oxidative stress in long-term
iron deficiency. In summary, supplementing feed with the
appropriate amount of iron can enhance the tolerance of
spotted seabass to nitrite.
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