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The purpose of this study was to investigate the effects of vitamin E addition to the water column on immune response, antioxidant
capacity, and liver tissue structure of crucian carp (Carassius auratus) under acute cold stress. Crucian carp was placed in the
aqueous solution of control group (E1), negative control group (E2), and 100mg/L vitamin E (E3) and cooled from 20 to 5°C by
cold acclimation intelligent cooling device. Samples were taken at three temperature points of 20, 10, and 5°C, respectively, and the
samples were detected and analyzed. The results showed that the content of each index increased under acute cold stress. The
contents of white blood cell, red blood cell, hemoglobin, platelet, lysozyme, and glutathione peroxidase in E3 treatment group were
significantly lower than those in E1 and E2 treatment groups (P<0:05). The contents of cholinesterase, alkaline phosphatase, acid
phosphatase, hydrogen peroxide, superoxide anion, superoxide dismutase, peroxidase, and malondialdehyde in E3 treatment
group were significantly lower than those in E1 and E2 treatment groups (P<0:01). Under acute cold stress, the liver tissue
structure of crucian carp also changed, such as hepatocyte vacuolization, and the damage degree of E3 treatment group was lower
than that of E1 and E2 treatment groups. In summary, the addition of vitamin E in water to treat crucian carp can reduce the harm
caused by acute cold stress to its body and provide a theoretical reference for the application of vitamin E in water to alleviate
fish stress.

1. Introduction

Low-temperature waterless transportation is a new type of
green and safe living circulation mode, which has the advan-
tages of low cost, high survival rate, high carrying capacity,
and small quality change [1]. Low-temperature anhydrous
live transportation is a method of inducing a dormant state
in fish through low temperatures, packaging them anhydri-
cally, and placing them in a specific low-temperature envi-
ronment for live storage and transportation [2]. Temperature
is an important environmental condition that affects the
growth, development, and reproduction of fish. In the

process of low-temperature-induced fish dormancy, a sud-
den drop in temperature will adversely affect the normal life
activities of fish, and in serious cases, it may even cause the
death of fish [3, 4]. Studies have shown that fish can cope
with the oxidative damage caused by low-temperature stress
by activating the regulation of physiological processes such
as antioxidant enzyme activity, releasing neurotransmitters
and hormones [5]. For example, superoxide dismutase, cata-
lase, and glutathione peroxidase, as important enzymes with
antioxidant defense function, can effectively scavenge reac-
tive oxygen species (ROS) and maintain intracellular ROS
concentration at normal physiological levels [6]. In addition,
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the physiological and biochemical reactions of cells and tis-
sues caused by low-temperature environment may lead to
changes in tissue structure and function [7]. Therefore, it is
of great significance to study the methods to alleviate the
stress response induced by low temperature during fish dor-
mancy and to maintain the quality of fish without water.

Vitamin E is one of the most important fat-soluble vita-
mins, which can improve the fat metabolism and antioxidant
capacity of aquatic products, enhance the body’s immunity,
resistance to disease, and other important physiological
functions [8–10]. Vitamin E is an important free radical
scavenger in the body. It is beneficial to the metabolism of
substances by inhibiting lipid peroxidation in the body and
protecting biofilm from damage. Therefore, to a certain
extent, alleviate the body’s stress response caused by low-
temperature environment. The suitable survival temperature
of crucian carp is 15–25°C. When the temperature is lower
than the suitable survival temperature range of crucian carp,
it will cause the stress response of the body. Previous studies
have shown that the addition of vitamin E to the water body
can alleviate the stress response of the body caused by cool-
ing stress [11]. As a vitamin, vitamin E plays an important
role in the health of the body within the allowable dose range,
whether in the field of food or external use. Adding vitamin E
to water reduces the cost of making other bait materials. At
the same time, due to the significantly shortened time of
vitamin E action on fish and the improved survival ability
of waterless survival, the loss is reduced, and the actual sales
volume is largely maintained. Therefore, it is necessary to
add vitamin E to water. However, so far, there is still a lack
of research on the effects of vitamin E supplementation in
water on the immunity, antioxidant enzyme activity, and
histological structure of fish during stress. In this study, cru-
cian carp was used as the research object to study the effects
of vitamin E on the immune, antioxidant level and histologi-
cal structure of crucian carp under acute cold stress. The
purpose of this study was to provide a theoretical reference
for the application of vitamin E in water to alleviate fish
stress and improve the circulation efficiency of live fish.

2. Materials and Methods

2.1. Materials. Crucian carp was purchased from the seafood
market in Jinan and transported to the National Engineering
Research Center for Agricultural Products Logistic. Adult
fish with initial body weight (0.3Æ 0.1 kg), body length
(15.7Æ 1.1 cm), healthy body quality, no damage to the
body surface, intact scales, and uniform size were selected
and temporarily reared in the temperature-controlled recir-
culating water filtration system of aquatic products of the
National Engineering Research Center for Agricultural Pro-
ducts Logistic for use. The temporary culture conditions
were as follows: they were transported to the Research Center
for temporary breeding for 2 weeks, continuously inflated,
and fed with commercial compound feed once in the morn-
ing and once in the evening every day and treated with
sewage and water exchange. During this period, fish that
died or were in poor health were removed. Feeding was

prohibited 24 hr before the start of the experiment. Dissolved
oxygen ≥6mg/L, pH 7–8, and water temperature 20Æ 1°C.

2.2. Instruments and Equipment. BK-280 automatic bio-
chemical analyzer, Shandong Boke Biological Industry Co.,
Ltd., China; XT-1800IV Sysmex se-9500 blood cell analyzer,
Shenzhen Mindray Biomedical Electronics Co., Ltd., Shenzhen,
China; T9S ultraviolet spectrophotometer, Beijing Purkinje
General Instrument Co., Ltd., China; the intelligent cold accli-
mation/wake-up box for fresh aquatic products was indepen-
dently developed by the Key Laboratory of Agricultural
Products Storage and Transportation Technology in Shandong
Province (patent no. ZL201310447777.8); Artificial climate
chamber QHX-300BSH-III, Shanghai Xinmiao Medical
Device Manufacturing Co., Ltd., China; aquaculture and cir-
culating water treatment system, Qingdao Zhongke Seawater
Treatment Equipment Engineering Co., Ltd., China; jPB-607A
Portable Dissolved Oxygen Analyzer, Shanghai LeiMag Electric
Scientific Instruments Co., Ltd., China.

2.3. Test Method

2.3.1. Vitamin E Treatment. In the experimental group, vita-
min E was dissolved in anhydrous ethanol at a ratio of vita-
min E : anhydrous ethanol= 1 : 5 to make a reserve liquid.
The stock solution was added with water to prepare vitamin
E aqueous solution with a mass concentration of 100mg/L,
which was set as E3. Crucian carp without vitamin E (0mg/L)
treatment was used as the control group E1. A negative con-
trol group, E2, was set up, and E2 was a solution configured
with the same level of ethanol as “the amount of ethanol
required to dissolve vitamin E in E3.” The transiently reared
crucian carp was transferred to the cold domestication intel-
ligent cooling device (200× 120× 130 cm3) with aqueous
solutions (160 L) of E1, E2, and E3 treatment groups for
drug baths. The time was 2 hr, which was the duration of
the exposure. The total number of experimental crucian
carp is 54, with 18 for E1, E2, and E3, respectively. The exper-
iment was repeated three times with six fish per experiment.

2.3.2. Cold Acclimation Treatment. The cold acclimation of
crucian carp was completed by a self-designed cold acclima-
tion intelligent cooling device [12]. The device continues to
run the circulatory system during the cooling period. First,
the water temperature is reduced from 20 to 10°C at a cool-
ing rate of 10°C/hr, and then the water temperature is
reduced from 10 to 5°C at a cooling rate of 5°C/hr, which
takes 2 hr. During the cold acclimation, the feeding of cru-
cian carp was prohibited, and the temperature was recorded
in real time with a precision temperature detector. Six cru-
cian carps were randomly sampled at 20, 10, and 5°C,
respectively.

2.3.3. Determination of Indicators. All animal experiments
were performed in accordance with the British Animals (Sci-
entific Procedures) Act 1986 and the National Institutes of
Health Laboratory Animal Care and Use Guidelines (NIH
publication No. 8023, revised in 1978). After the crucian carp
was taken out from the cold acclimation intelligent cooling
device, more than 5mL of whole blood was taken from the
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tail vein with a 5-mL disposable syringe. The blood was taken
and placed in a refrigerator at 4°C for 2 hr. After centrifuga-
tion at 4,000 rpm for 20min at 4°C, the supernatant was
taken and stored in a refrigerator at −80°C. After having
taken the blood, six crucian carps were placed on a tray
containing ice for dissection, and its liver tissue was taken.
After liquid nitrogen treatment, it was placed in a refrigerator
at −80°C for storage. According to the method of Liu et al.
[13], an appropriate amount of liver tissue from two fishes
was randomly selected and separately infiltrated in 4% form-
aldehyde fixative in order to prepare paraffin sections.

(1) Determination of Blood Physiological Indexes. White
blood cell (WBC) (4–10× 109/L), red blood cell (RBC)
(120–160 g/L), hemoglobin (HGB) (101–200 g/L), and plate-
let (PLT) (100–300× 109/L) were measured by XT-1800IV
Sysmex se-9500 blood cell analyzer and a kit (Shenzhen
Mindray Biomedical Electronics Co., Ltd., Shenzhen, China).

(2) Determination of Serum Biochemical Indicators. Cho-
linesterase (CHE) (0.5–150U/mL) and alkaline phosphatase
(ALP) (0.05–50.0 Kim’s units/100mL) in serum were deter-
mined using an automatic biochemical analyzer (BK-280).
Acid phosphatase (ACP) (0.4–32.0 Kim’s units/100mL),
lysozyme (LZM) (5–1,000U/mL), hydrogen peroxide
(H2O2) (0.0097–1.5μmol/mL), and superoxide anion (O2

−)
(0.5–250U/L) were determined by using the kit fromNanjing
Jianjian Bioengineering Institute.

(3) Determination of Antioxidant Index. Superoxide dis-
mutase (SOD) (5.0–122.1U/mL), glutathione peroxidase
(GSH-Px) (20–330U), catalase (CAT) (0.2–24.8U/mL), and
malondialdehyde (MDA) (0–113.0 nmol/mL) contents in
liver were determined by using a kit from Nanjing Jianjian
Bioengineering Institute. Protein content in liver was deter-
mined by total protein assay kit (BCA, 20–2,000 μg/mL).

(4) Observation of Organizational Structure. The liver
tissue of E1 group at 20°C was used as the blank control
group, and the liver tissue structure of E1, E2, and E3 groups
at 10 and 5°C was observed. We carefully cut the liver into
5–6 µm thick slices with scalpel. Liver tissues in 4% formal-
dehyde fixative were dehydrated with ethanol and anhydrous
ethanol in volume fractions of 50%, 70%, 85%, and 95% for
2 hr each; after paraffin embedding, the histological features
were observed under a light microscope after the steps of
sectioning, hematoxylin and eosin (H&E) staining, and seal-
ing with neutral gum.

2.4. Statistical Analysis. All data are expressed as mean-
Æ standard deviation. Statistical analysis of the data was
performed in SPSS 22.0 software (version 22, IBM Corp.,
Armonk, NY, USA). Based on single-factor analysis of vari-
ance, Duncan’s multiple comparison method was used for
the analysis. In all cases, the minimum level of significance
was determined at both P<0:05 and P<0:01. The results
were plotted using Origin 2019 software.

3. Results

3.1. Effects of Vitamin E on Blood Physiological Indexes of
Crucian Carp under Acute Cold Stress. With the decrease of
temperature, the WBC content of E1, E2, and E3 treatment

groups increased, while the WBC content of E1 and E3 treat-
ment groups showed an upward trend, while the WBC con-
tent of E2 treatment group increased first and then decreased.
At 10°C, the WBC content of E3 treatment group was signifi-
cantly lower than that of E1 and E2 treatment groups
(P<0:05) (Figure 1(a)). During the cooling process, the
RBC content of E1 and E2 treatment groups increased with
the decrease of temperature, while the RBC content of E3
treatment group decreased first and then increased. At 5°C,
the RBC content in E3 treatment group was significantly
lower than that in E1 and E2 treatment groups (P<0:05)
(Figure 1(b)). During the cooling process, the HGB content
of the E1 treatment group increased with the decrease of
temperature, while the E2 and E3 treatment groups increased
first and then decreased. At 5°C, the HGB content of E3
treatment group was significantly lower than that of E1 and
E2 treatment groups (P<0:05) (Figure 1(c)). During the cool-
ing process, the PLT content of the E1 and E2 treatment
groups increased first and then decreased with the decrease
of temperature, while the PLT content of the E3 treatment
group decreased with the decrease of temperature. At 10°C,
the PLT content of E3 treatment group was significantly
lower than that of E1 and E2 treatment groups (P<0:05)
(Figure 1(d)).

3.2. Effects of Vitamin E on Serum Biochemical Indexes of
CrucianCarp under Acute Cold Stress.As shown in Figure 2(a),
the ALP concentration of E1 and E2 treatment groups
increased first and then decreased with the decrease of tem-
perature, while the ALP concentration of E3 treatment group
decreased first and then increased. At 10°C, the ALP concen-
tration of E3 treatment group was significantly lower than that
of E1 and E2 treatment groups (P<0:01). During the cooling
process, the ACP concentration of E1 and E2 treatment
groups increased with the decrease of temperature, while the
ACP concentration of E3 treatment group decreased with the
decrease of temperature. At 5°C, the ACP content of E3 treat-
ment group was significantly lower than that of E1 and E2
treatment groups (P<0:01) (Figure 2(b)). During the cooling
process, the LZM concentration of the E1 and E2 treatment
groups increased first and then decreased with the decrease of
temperature, while the E3 treatment group decreased first and
then increased. At 10°C, the LZM concentration in the E3
treatment group was significantly lower than that in the E1
and E2 treatment groups (P<0:05) (Figure 2(c)).

As shown in Figure 3(a), the content of CHE in E1, E2,
and E3 treatment groups increased with the decrease of tem-
perature. When the temperature decreased to 5°C, the con-
tent of CHE in E3 treatment group was significantly lower
than that in E1 and E2 treatment groups (P<0:01). As
shown in Figure 3(b), the content of H2O2 in E1 and E2
treatment groups increased first and then decreased with
the decrease of temperature, while the content of H2O2 in
E3 treatment group decreased with the decrease of tempera-
ture. At 5°C, the H2O2 content of E3 treatment group was
significantly lower than that of E1 and E2 treatment groups
(P<0:01). As shown in Figure 3(c), the O2

− content of the E2
treatment group increased with the decrease of temperature,
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and the O2
− content of the E1 and E3 treatment groups

increased first and then decreased with the decrease of tem-
perature. At 5°C, the O2

− content of E3 treatment group was
significantly lower than that of E1 and E2 treatment groups
(P<0:01).

3.3. Effects of Vitamin E on MDA, CAT, SOD, and GSH-Px in
Liver of Crucian Carp under Acute Cold Stress. With the
decrease of temperature, the MDA content of E1 and E2
treatment groups increased first and then decreased, while
the MDA content of E3 treatment group decreased with the
decrease of temperature. At 5°C, the MDA content of E3

treatment group was significantly lower than that of E1
and E2 treatment groups (P<0:01) (Figure 4(a)). As shown
in Figure 4(b), during the cooling process, the CAT content
of the E1 and E2 treatment groups increased with the
decrease of temperature, while the CAT content of the E3
treatment group decreased first and then increased. At 10°C,
the CAT content of E3 treatment group was significantly
lower than that of E1 and E2 treatment groups (P<0:01).
During the cooling process, the SOD content of E1, E2, and
E3 treatment groups increased with the decrease of temper-
ature, and when the temperature decreased to 5°C, the SOD
content of E3 treatment group was significantly lower than
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FIGURE 1: Effects of vitamin E on blood physiological indexes of crucian carp under acute cold stress: (a) white blood cell (WBC), (b) red blood
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that of E1 and E2 treatment groups (P<0:01) (Figure 4(c)).
During the acute cold process, the GSH-Px content of E1, E2,
and E3 treatment groups increased first and then decreased
with the decrease of temperature. At 5°C, the content of GSH-
Px in E3 treatment group was significantly lower than that in
E1 and E2 treatment groups (P<0:05) (Figure 4(d)).

3.4. Effects of Vitamin E on Liver Tissue Morphology of
Crucian Carp under Acute Cold Stress. Under the light
microscope, the hepatocytes in the liver tissue of the blank

control group were closely arranged, and a small amount of
vacuoles were distributed in the cytoplasm (Figure 5(a)). At
10°C, there was no obvious abnormality in the basic struc-
ture of the liver in the E1 treatment group, and the amount of
vacuoles increased relatively (Figure 5(b)). The basic struc-
ture of the liver in the E2 treatment group was relatively
complete at 10°C, but the amount of vacuoles was relatively
increased (Figure 5(c)). At 10°C, the hepatocytes in the liver
tissue of the E3 treatment group were closely arranged and
the cytoplasm was relatively slightly increased (Figure 5(d)).
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As shown in Figure 6, the liver tissue structure of the
blank control group was complete, and a small amount of
vacuoles appeared in the cytoplasm (Figure 6(a)). At 5°C, the
hepatocytes in the E1 treatment group were closely arranged
and the vacuoles were relatively increased (Figure 6(b)). The
structure of the liver tissue in the E2 treatment group was
relatively complete at 5°C, and the vacuoles were relatively
increased (Figure 6(c)). At 5°C, the basic structure of the
liver in the E3 treatment group was not significantly abnor-
mal, but the cytoplasm was relatively increased (Figure 6(d)).

4. Discussion

4.1. Effects of Vitamin E on Blood Physiological and
Biochemical Indexes of Crucian Carp under Acute Cold
Stress. The WBC is involved in the regulation of immune
work in various organisms, and related studies have shown
that stress treatment can lead to an increase in WBC content
in organisms [14–16]. In this study, the increase of WBC
content in E1, E2, and E3 treatment groups after cold stress
treatment was the result of the body’s immune system
responding to cold stress. However, the WBC content in
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the E3 treatment group was significantly lower than that in
the E1 and E2 treatment groups. This indicates that vitamin
E treatment alleviates fish stress, and the body’s immune
system responds to cold stress to a corresponding decrease.
The RBC is the most important component in the blood,
which mainly carries and transports oxygen. Under stress,
the physiological mechanism of the body is activated, thus
promoting the production of more RBCs to meet the needs
of physiological activities and exercise [17, 18]. The HGB is
the direct carrier of oxygen in the blood. Studies have shown
that with the increase of stress, hemoglobin tends to increase,
which may be to enhance the oxygen carrying capacity of the

blood to cope with the increase of energy demand under
stress [19–21]. In this study, under the cooling stress, in
order to cope with the stress, the crucian carp increased
the content of RBC and HGB, so as to enhance the oxygen
carrying capacity of the blood and provide energy for the
body. However, the RBC and HGB contents in the E3 treat-
ment group were significantly lower than those in the E1 and
E2 treatment groups. This indicated that the effect of low-
temperature stress on crucian carp treated with vitamin E
was smaller than that of E1 and E2 treatment groups, and the
body consumed less energy to resist cold than that of E1 and
E2 treatment groups. Therefore, the effect of oxygen carrying
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and energy supply was weaker than that of E1 and E2 treat-
ment groups, and the RBC and HGB contents of E3 treat-
ment group were also reduced accordingly. The role of PLT
in the blood of fish is to coagulate and stop bleeding and
repair damaged blood vessels. Under stress, the PLT content
of the body shows an increase [22, 23]. In the study of juve-
nile Chinese sea bass (Lateolabrax maculatus), the PLT con-
tent increased significantly under hypoxia stress [24]. In this
study, the PLT content in the blood of crucian carp increased
under cooling stress, but the PLT content in the E3 treatment
group was significantly lower than that in the E1 and E2
treatment groups, indicating that vitamin E treatment could
alleviate the negative effects of stress. Compared with the
nonvitamin E treatment, the PLT of crucian carp treated
with vitamin E had less effect on its body.

The LZM, ALP, and ACP play an important role in the
immune response of fish. The LZM is one of the important
nonspecific immune factors in organisms, and its level and
activity are directly related to the immune ability and health
of fish. Related studies have found that after the body under-
goes stress, the activity of LZM will increase, thereby activat-
ing the body ’s protective mechanism to maintain the body’s
own balance [25–27]. In this study, the content of LZM in
fish increased under cooling stress, but the content of LZM in
E3 treatment group was significantly lower than that in E1
and E2 treatment groups, indicating that vitamin E treat-
ment could alleviate stress and reduce immune response.
The ALP is produced by intrahepatic bile duct cells and is
an important marker of liver dysfunction [28–30]. In the

study of rohu (Labeo rohita), it was found that the ALP
activity of rohu was significantly increased under DEP tox-
icity stress [31]. In this study, the ALP activity of crucian carp
increased under acute cold stress, but the ALP activity of E3
treatment group was significantly lower than that of E1 and
E2 treatment groups, indicating that vitamin E treatment
could alleviate the cooling stress of fish and reduce the
ALP activity, which was similar to the results of Sarma
et al. [32]. The ACP is one of the important indicators to
measure the body’s immune function and health. The fish
body regulates the metabolism of the body through phospha-
tase catalysis. After being stressed, the ACP activity in the
fish body increases, and the body responds to environmental
changes by dephosphorylating the stress response [33, 34]. In
this study, under acute cold stress, the ACP activity of E1 and
E2 treatment groups increased, and the ACP activity of E3
treatment group was significantly lower than that of E1
and E2 treatment groups, indicating that vitamin E-treated
crucian carp can alleviate stress, enhance immunity, and
dephosphorylation stress response is weaker than that of
crucian carp without vitamin E treatment.

The CHE is mainly derived from liver cholinesterase
(CHE), which can reflect the function of liver protein syn-
thesis [35]. In the study of medaka, it was found that the
enzyme activity of CHE increased and induced oxidative
stress under sewage stress [36]. In this study, after the three
groups of crucian carp were subjected to acute cold stress, the
activity of CHE enzyme increased, but the activity of CHE
enzyme in serum of crucian carp treated with vitamin E was
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FIGURE 5: Effects of vitamin E on liver tissue structure of Carassius auratus under acute cold stress at 10°C: (a) blank control group; (b) E1
group; (c) E2 group; (d) E3 group. VS, vacuole structure; CM, cytoplasm.
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significantly lower than that without vitamin E treatment,
indicating that vitamin E treatment could reduce the nega-
tive effects of stress on the body. When fish is under stress, a
large amount of ROS will be accumulated in the body, such
as H2O2 and O2

−. If it is not cleaned up in time and effec-
tively, it will react with biological macromolecules in the
body, resulting in lipid peroxidation, which will affect the
normal physiological activities of fish [37–39]. In this study,
after cooling stress treatment, the content of H2O2 and O2

−

increased, and the body began to accumulate a large amount
of ROS. If it is not cleaned up, it will cause oxidative damage
to the body. The accumulation of ROS in the vitamin E
group was significantly lower than that in the nonvitamin
treatment group, which slowed down the degree of oxidative
damage to the body.

4.2. Effects of Vitamin E on Antioxidant Indexes of Crucian
Carp under Acute Cold Stress. The MDA is the most abun-
dant active aldehyde in the secondary products of lipid per-
oxidation. It can affect the structure and function of proteins
in the body and cause damage to cells by damaging mito-
chondrial respiratory function and related dehydrogenases.
It is one of the important markers of lipid peroxidation
[40–42]. Studies have found that under stress treatment,
the content of MDA in the blood and tissues of fish will
increase significantly [43]. In this study, the MDA content
in the liver of crucian carp increased after exposure to cool-
ing stress, while the MDA content in the liver of crucian carp
treated with vitamin E was significantly lower than that in

the untreated group, indicating that vitamin E-treated cru-
cian carp can alleviate the stress and the body induced the
degree of oxidative stress is low. When fish are stressed, the
body will initiate an antioxidant defense system to remove
ROS such as H2O2 and O2

− and reduce oxidative damage
[44]. The enzymatic system is composed of antioxidant
enzymes such as CAT, SOD, and GSH-Px. It is one of the
antioxidant defense systems, which can effectively clean up
H2O2 and O2

−. The change of its activity can also indirectly
reflect the degree of oxidative damage in the body [45, 46].
Studies have found that the activities of CAT and SOD in
liver tissue of fish increased significantly under stress [47].
Studies have shown that the activities of GSH-Px, CAT, and
SOD in fish liver increased significantly under high tempera-
ture and hypoxia stress [48]. In this study, the activities of
CAT, SOD, and GSH-Px in the liver of crucian carp were
increased under cooling stress, but the activities of CAT,
SOD, and GSH-Px in the liver of crucian carp treated with
vitamin E were significantly lower than those in the untreated
group, indicating that vitamin E can reduce the oxidative
damage of the body and alleviate the adverse effects of stress.

4.3. Effects of Vitamin E on Histopathological Changes of
Crucian Carp under Acute Cold Stress. The liver bears impor-
tant physiological functions such as metabolism, excretion,
and detoxification. Its state in the body can best reflect the
nutritional physiology and pathological state of the body
[49–51]. Many studies have shown that various environmen-
tal stresses can cause changes in liver structure and even
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FIGURE 6: Effects of vitamin E on liver tissue structure of Carassius auratus under acute cold stress at 5°C: (a) blank control group; (b) E1
group; (c) E2 group; (d) E3 group. VS, vacuole structure; CM, cytoplasm.
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affect its function. For example, persistent heat stress causes
liver damage in barracuda, including cytoplasmic vacuolar
degeneration [52]. In the study of catfish, heat stress can lead
to some pathological changes in the liver, including vacuoli-
zation [53]. In this study, under cooling stress, the liver tissue
of E1 and E2 treatment groups caused liver damage, while
the liver tissue damage of E3 treatment group was smaller
than that of E1 and E2 treatment groups, indicating that
vitamin E treatment can alleviate liver damage.

5. Conclusion

This study shows that acute cold stress treatment can
increase the content of WBC, RBC, HGB, PLT, CHE, ALP,
ACP, LZM, H2O2, O2

−, MDA, CAT, SOD, and GSH-Px.
Changes in tissue structure were observed in the liver, which
showed adverse effects on crucian carp under cooling stress,
and the liver tissue was seriously damaged. However, vitamin
E treatment can reduce the content of physiological and
biochemical indexes, alleviate liver injury, and improve his-
tological changes. In summary, this study revealed the phys-
iological response level of vitamin E in water on crucian carp
under acute cold stress. This will undoubtedly help to pro-
vide a theoretical reference for the study of the effects of
vitamin E treatment on fish under low-temperature stress.
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