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ABSTRACT
We examined the effects of loach paste (LP) on liver and immune
organs of D-galactose (DG)-induced aging mice. The results showed
that LP can alleviate the atrophy of spleen and thymus, and restore
the blood glucose levels. LP was particularly beneficial to liver. Liver
indices and activities of aspartate aminotransferase, alanine
aminotransferase, and alkaline phosphatase reduced with high
doses of LP. Moreover, LP can improve the antioxidant system in
liver by increasing the activities of total superoxide dismutase,
glutathione peroxidase, and catalase, reducing malondialdehyde
concentration. Furthermore, LP can improve immunity and reduce
the inflammation of liver. The swelling of liver cells was alleviated
and the cell arrangement returned to normal in the LP group. In
addition, gene expressions of HSP70 and tumour necrosis factor-α
(TNF-α) in liver which can promote inflammatory cytokine decreased
significantly. Thus, regular LP intake effectively relieved DG-induced
oxidative stress and alleviated liver and immune organs damage.

ARTICLE HISTORY
Received 29 July 2017
Accepted 1 September 2017

KEYWORDS
Loach paste; oxidation
resistance; liver damage;
gene expression

1. Introduction

Ageing is a complex process of degenerative changes in tissues and organs and a gradual
decline in physiological functions. The accumulation of reactive oxygen species (ROS) can
damage cell membranes, proteins, lipids, and DNA (Szeto et al., 2014), and exacerbate age-
related chronic diseases, such as inflammation, atrophy of immune organs, cancer, and
heart disease (Zitka et al., 2012). Cells have complex endogenous defense mechanisms
to eliminate ROS, including enzymes such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GSH-Px) (Gong et al., 2016). The rates of production
and clearing of free radicals from the body maintain a dynamic equilibrium. However,
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once the balance is disrupted, excess free radicals can destroy the body’s normal functions,
and even induce a variety of diseases (Labat-Robert & Robert, 2014).

Oxidation resistance usually refers to the ability of a substance to scavenge free radicals
(Halliwell, 2011). Many food and herbs are rich in antioxidants (Chen et al., 2012; Kasote et
al., 2015). The oxidation-resistant properties of foods have been a topical area of research for
several years, and antioxidants intake can reduce the occurrence of immune disease and
inflammation (Arunachalam, Parimelazhagan, & Saravanan, 2011).

The loach (Misgurnus anguillicaudatus) is an important freshwater fish in East Asian
countries, including China, Japan, and Korea. It has been a culinary favourite since
ancient times because of its delicious taste and rich nutritional qualities. Traditional
Chinese medicine also regards it as an important medicine (You et al., 2011). Many sub-
stances in the loach have an antioxidant capacity and may have protective effects on
human health (You et al., 2010a). In modern medicine, the spermidine in loach is
thought to be a precursor of arginine, and high arginine intake can reduce the risk of car-
diovascular and hepatopathy, reduce ageing, and improve the reproductive capacity
(Kumar, Prakash, & Dogra, 2011). In recent years, many studies have demonstrated a
variety of pharmacological properties in the loach, including anti-inflammatory, antican-
cer, and hypoglycaemic activities, and an ability to enhance the immune system, in vivo
and/or in vitro (You et al., 2010b; You et al., 2011).

A large number of studies have demonstrated that the long-term injection of D-galac-
tose (DG) causes the accumulation of excessive ROS (Jeong, Liu, & Kim, 2017), enhancing
oxidative stress, liver and immune organ damaging the body (Wei et al., 2005). The aim of
the present study was to evaluate the effects of loach meat paste on the physiological func-
tions of mice in which ageing was induced with DG.

2. Materials and methods

2.1. Preparation for loach paste

Loach (M. anguillicaudatus, 15 ± 1.5 g) was purchased from a market inWuxi City, China.
The head and purtenances of the fresh loach were removed, and the fish was cut into small
pieces of 2 cm2 and then minced with an RL-22S meat grinder (Wuhan Ruili Food
Machinery Co., Ltd, Wuhan, Hubei Province, China). The loach paste (LP) was prepared
by grinding the minced loach with a JML-100 colloid mill (Hangzhou Huihe Machinery
Co., Ltd, Hangzhou, Zhejiang Province, China), which was then passed through 100 mesh.
The LP was then cooked at 100°C for 20 min. Before the animal experiments, the LP was
freeze-dried and ground again.

2.2. Animals and drug administration

Male ICR mice were obtained from Suzhou Xinuosai Biological Technology Co., Ltd
(Suzhou, Jiangsu Province, China). The mice were aged 9–11 weeks, weighed 37 ± 2 g, and
were housed at 24 ± 2°C, with 60 ± 10% humidity, under a 12-h light/dark cycle. The mice
had access to feed and water ad libitum. After a 1-week adaptation period, the mice were ran-
domly divided into 4 groups consisting 15 animals each: control group (NC), model group
(MG), low LP (L-LP) group, and high LP (H-LP) group. Except for the NC group, the mice

FOOD AND AGRICULTURAL IMMUNOLOGY 317



were subcutaneously injected with DG at a dose of 500 mg/kg bodyweight once daily for
6 weeks (Salehpour et al., 2017). The NC mice were treated with the same volume of phys-
iological saline. At the same time, the L-LP and H-LP groups of mice were administered
LP dissolved in physiological saline at doses of 100 and 500 mg/kg bodyweight, respect-
ively, by oral gavage after the injection of DG. The mice in the NC and MG groups
were administered the same volume of physiological saline. The mouse bodyweights
were recorded at the beginning of the experiment, and just before the mice were killed.

2.3. Blood and tissue sample preparation

At the end of the feeding trial, the mice were fasted overnight. All surgery, including orbital
eye bleeding and euthanasia, were performed under anaesthesia induced with a continuous
inhalation of 2% isoflurane via a nose cone. The blood samples were collected and centri-
fuged at 3000 × g at 4°C for 15 min, and the supernatants were stored at−80°C for biochemi-
cal and antioxidant analyses. The livers were removed quickly, weighed, and stored at−80 °C
until analysis. The whole spleens and thymuses were removed and weighed accurately.

Calculation of liver index: The liver indices, spleen indices, and thymus indices were
calculated with the formulae (Huang et al., 2012; Peng et al., 2014):

Liver index (%) = Mouse liver weight
Mouse final bodyweight

× 100,

Spleen index (%) = Mouse spleen weight
Mouse final bodyweight

× 100,

Thymus index (%) = Mouse thymus weight
Mouse final bodyweight

× 100.

2.4. Haematological biochemical assays

One half of each serum sample was analysed for the biochemical parameters: blood
glucose, total protein (TP), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN), creatinine, and blood
lipid profiles, including triglycerides (TG), total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C), with a biochemi-
cal autoanalyzer (Eurolyser, Leuven, Belgium). The other half was stored at −80°C for the
later determination of antioxidant-related parameters.

2.5. Determination of antioxidant parameters

The activities of SOD, GSH-Px, and CAT, and the malondialdehyde (MDA) concentration
in the liver and serum were examined using commercial kits (Nanjing Jiancheng Bioengi-
neering Research Institute, Nanjing, Jiangsu Province, China) according to the manufac-
turer’s protocol.

2.6. Histopathology

The mouse liver samples were fixed in 10% neutral formalin buffer for 48 h, dehydrated in
ethanol, and embedded in paraffin. Liver sample sections (5 μm thick) were cut with a
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microtome. The sections were dewaxed, rehydrated, stained with haematoxylin–eosin, and
observed under an XSP-13CC optical microscope (Caikang Optical Instrument Co., Ltd,
Shanghai, China).

2.7. RNA extraction and gene expressions analysis

The total RNAs from the liver samples were used to analyse the expression of the heat
shock protein 70 gene (HSPa1b) and the tumour necrosis factor-α (TNF-α) gene (Tnf-
α). Total RNA was extracted from the liver with TRIzol Reagent (Invitrogen, Carlsbad,
CA, USA), according to the manufacturer’s instructions. The RNA concentration and
quality were evaluated with spectrophotometry and agarose-gel electrophoresis. The
total RNA (3.0 μg) from each sample was reverse transcribed to cDNA with the RevertAid
First Strand cDNA Synthesis Kit (TaKaRa Bio Inc., Tokyo, Japan), according to the
instructions of the manufacturer.

Real-time quantitative PCR was performed with SYBR Premix Ex Taq™ (TaKaRa Bio
Inc.) in a QuantStudio™ 6 Flex Real-time PCR System (Applied Biosystems, Foster City,
CA, USA). The primers for real-time amplification are shown in Table 1. The PCR cycling
programme was: 95°C for 10 min; 40 cycles of 95°C for 10 s and 60°C for 60 s. The quan-
tities of the target transcript relative to the chosen reference gene transcript (Actb) were
calculated with the 2−ΔΔCT method (Zhang et al., 2017).

2.8. Statistical analysis

Data are expressed as means ± SD and were analysed with the SPSS software (version 20;
SPSS Inc., Chicago, IL, USA). Duncan’s multiple range test was used to detect the differ-
ences among groups. Statistical significance was set at p < .05.

3. Results and discussion

3.1. Effects of LP on bodyweight

Table 2 shows that the mouse bodyweights did not differ significantly among the groups
throughout the whole experiment. The injection of DG had no effect on the bodyweights
of the mice. This is consistent with the results reported by Peng et al. (2014). LP also had
no effect on the mouse bodyweights, but the increase in weight was greater in the NC and
H-LP groups than in the MG and L-LP groups.

Table 1. Primers used for the detection of the expressions of HSPa1b and TNF-α in mice.
Gene name Primer sequence Product length (bp)

CYC F:5′ATGTGGTTTTCGGCAAAGTTCTA3′
R:5′GGCTTGTCCCGGCTGTCT3′

82

HSPa1b F:5′GCCAAACGGTTCATCGGGA3′
R:5′AGGTGCTATTACCAGCAAGGT3′

298

TNF-α F:5′GGAACACGTCGTGGGATAATG3′
R:5′GGCAGACTTTGGATGCTTCTT3′

213
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3.2. Effects of LP on blood glucose and lipid levels

3.2.1. Effect of LP on blood glucose level
The MG group displayed a significant reduction in blood glucose (Figure 1). However,
after treatment with LP by oral gavage for 6 weeks, the blood glucose was higher in the
L-LP and H-LP groups than in the MG group. The blood glucose level in the H-LP
group differed significantly from that in the MG group, but was the same as that in the
NC group.

Blood glucose is the main factor providing energy to the body. When subjected to a
specific stress stimulus, the body consumes more energy to withstand the external
stress (Narne, Pandey, & Phanithi, 2017), reducing the blood glucose level. Therefore, pro-
longed oxidative stress reduces the blood sugar level (Nia, Khorram, Safaiyan, Tarighat-
Esfanjani, & Rezazadeh, 2017). In this study, the blood glucose level in the MG group
was significantly reduced, indicating that the body had consumed a part of its energy
supply to resist the stress imposed by DG. However, the blood glucose levels of the LP-
treated groups were higher, indicating that LP improves hypoglycaemia.

3.2.2. Effect of LP on serum lipid level
Table 3 shows that neither DG nor LP had a significant effect on the serum TP, LDL-C, or
HDL-C levels in the mice. However, the serum TG levels were significantly reduced in the
L-LP and H-LP groups. Similar changes were observed for TC, which were also reduced in
the two LP groups. TC was significantly lower in the H-LP groups than in the NC group.

Table 2. Effect of LP on body weight of D-galactose-treated mice (g, n = 15 mice per group).
Group The dosage of LP (mg/kg body weight) Initial weight (g) Final weight (g) Weight gain (g)

NC 0 38.85 ± 1.52 44.93 ± 1.93 6.07 ± 2.22
MG 0 38.95 ± 2.38 43.42 ± 2.59 4.47 ± 3.06
L-LP 100 39.01 ± 2.11 43.98 ± 3.05 4.97 ± 2.55
H-LP 500 38.31 ± 1.85 43.93 ± 1.93 5.63 ± 2.00

Notes: NC: normal control group; MG: model group; L-LP: the low LP group; H-LP: the high LP group; Means within a row
were all no significantly different (p .05); Values are means ± S.D.
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Figure 1. Effect of LP on blood glucose level of mice. NC, normal control group; MG, model group; L-LP,
low dose of loach meat paste; H-LP, high dose of loach paste. Values are mean ± S.D (n = 15); means
with different letters (a–d) differ significantly (p < .05).
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High serum lipid levels correlate positively with the risk of cardiovascular disease
(Kunnen & Van, 2012). The serum levels of TC, TG, LDL-C, and HDL-C are commonly
used in the diagnosis of diseases associated with lipid metabolic disorders. Abnormally
high or low levels of serum TG or TC can contribute to cardiovascular diseases and
liver dysfunction (Wooton & Melchior, 2017). Our results suggest that LP enhances the
lipid metabolism. However, the consumption of LP had no effect on serum TP, LDL-C,
or HDL-C.

3.3. Effect of LP on liver, spleen, and thymus

3.3.1. Effect of LP on visceral indices
As shown in Figure 2(a), compared with the NC mice, the MG mice displayed a signifi-
cantly increased liver index. The L-LP liver index decreased, but was not significantly
different from that of the MG group. However, the liver index was significantly lower
in the H-LP mice than in the MG mice. As shown in Figure 2(b), the MG spleen index
did not differ significantly from the NC spleen index. There was no significant difference
between the LP-treated and NC groups, but the L-LP and H-LP groups spleen indices were
significantly higher than the MG spleen index. As shown in Figure 2(c), the MG group had
a lower thymus index than the NC group. The thymus index was improved in the mice
treated with LP, but did not differ significantly from the thymus index in the MG group.

The liver is an important organ for the metabolism (Zhao et al., 2017). The invasion of
toxic substances can lead to liver cell damage and necrosis, triggering a series of pathologi-
cal changes in the liver. In this study, the injection of DG damaged the livers of the MG
mice by inducing the excessive accumulation of free radicals (Zhang et al., 2010). Patho-
logical changes then occurred in their livers, which may have included hyperplasia, liver
lumps, and other phenomena, leading to a high liver index. However, the liver index
decreased in the LP groups, indicating that LP effectively alleviated the DG-induced
damage to the mouse livers. The spleen and thymus are important immune organs in
the body, controlling the production of antibodies and immune cells (Liu & Zhao,
2017). The spleen and thymus indices directly reflect the body’s immune capacity
(Peng et al., 2014). In this study, the spleen and thymus indices were restored to
normal levels in the LP-treated groups, confirming that LP alleviates oxidative damage
and enhances the immunity of mice.

3.3.2. Effect of LP on liver function
As shown in Figure 3, the same trends in serum ALT, AST, and ALP were observed in the
four groups. Compared with the NC group, the three indicators were significantly

Table 3. Effect of LP on the content of serum protein and lipid of D-galactose-treated mice (n = 15 mice
per group).
Group TP (g/L) TG (mmol/L) TC (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L)

NC 59.94 ± 3.26 1.79 ± 0.34a 3.27 ± 0.55a 0.66 ± 0.19 4.07 ± 0.58
MG 58.09 ± 4.73 1.68 ± 0.54ab 3.14 ± 0.41ab 0.76 ± ± 0.26 4.24 ± 0.96
L-LP 58.46 ± 2.69 1.37 ± 0.19b 2.83 ± 0.41ab 0.73 ± 0.43 3.88 ± 0.95
H-LP 57.67 ± 2.38 1.02 ± 0.31c 2.73 ± 0.40b 0.75 ± 0.24 4.55 ± 0.74

Notes: NC: normal control group; MG: model group; L-LP: the low LP group; H-LP: the high LP group; means within a row
with different letters are significantly different (a–c) (p < .05); Values are means ± S.D.
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Figure 2. Effect of LP on liver indices (a), spleen indices (b), and thymus indices (c) in each group. NC,
normal control group; MG, model group; L-LP, low dose of loach meat paste; H-LP, high dose of loach
paste. Values are mean ± S.D (n = 15); means with different letters (a–d) differ significantly (p < .05).
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increased in the MG group, but tended to be lower in the L-LP and H-LP groups than in
the MG group. However, the differences in ALT, AST, or ALP between the LP-treated and
NC groups were not significant.
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Figure 3. Effect of LP on the activities of ALT (a), AST (b), and ALP (c) in serum of mice. NC, normal
control group; MG, model group; L-LP, low dose of loach meat paste; H-LP, high dose of loach
paste. Values are mean ± S.D (n = 15); means with different letters (a–d) differ significantly (p < .05).
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ALT, AST, and ALP are normally present in hepatocytes and their levels in the blood
are usually consistent with the degree of liver damage (Zhang, Chen, Sun, & Zhao, 2014).
During liver inflammation or dysfunction, these enzyme activities increase. In this study,
the three enzyme activities increased in the MG group to varying degrees, mainly in
response to the damage caused by the accumulation of ROS induced in the liver by
DG. The enzyme activities in the LP-treated groups were reduced, probably because the
loach polysaccharides, peptides, and other ingredients of LP ameliorate liver injury.

3.3.3. Effects of LP on liver histomorphology
Haematoxylin–eosin-stained liver tissue sections from the mice are shown in Figure 4. The
NC group showed a normal liver tissue structure, with the polygonal, uniformly sized liver
cells arranged neatly. The nuclei were round, clear, and located in the cell centres. The cell
sizes did not differ greatly and the cytoplasm was evenly stained (red). The liver sinus
structure was clear and wide (Figure 4(a)). In the MG group, the arrangement of the
liver cells was disordered, the sizes of the cell nuclei varied, and some of the cell nuclei
had dissolved. The swelling of local hepatocytes resulted in the infiltration of inflamma-
tory cells, but no obvious necrosis was detected (Figure 4(b)). In the L-LP group, the swel-
ling of the liver cells was reduced, the hepatic sinusoids were widened, the cell nuclei still
varied in size, and the infiltration of inflammatory cells was detected (Figure 4(c)).
However, in the H-LP group, the swelling of the liver cells was alleviated and the cell
arrangement had returned to normal, and did not differ from that of the NC group
(Figure 4(d)).

Figure 4. The liver morphological structure of mice in each group. (a) NC, normal control group; (b) MG,
model group; (c) L-LP, low dose of loach meat paste; (d) H-LP, high dose of loach paste.
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3.4. Effects of LP on antioxidant ability and immunity of DG-induced ageing mice

3.4.1. Effects of LP on serum and liver antioxidants
The activity of serum SOD was significantly lower in the MG group than in the NC group
(Figure 5(a)). The serum concentration of MDA was significantly higher in the MG group
than in the NC group (Figure 5(b)). Figure 5(c) shows that the activity of serum GSH-Px
was significantly lower in the MG group than in the NC group. Therefore, the consump-
tion of LP had an impact on the antioxidation indicators in mice insofar as the serum SOD
and GSH-Px activities were higher and the MDA contents were lower in the LP groups
than in the MG group.

The liver SOD activity was significantly reduced in the MG group compared with the
NC group (Figure 6(a)). The concentration of liver MDA was significantly higher in the
MG group than in the NC group (Figure 6(b)). CAT activity was higher in the livers of
the LP groups than in the MG group, but the differences were not significant (Figure 6
(c)). The injection of DG also clearly reduced the GSH-PX level in the MG group
(Figure 6(d)).

SOD, GSH-PX, and CAT are important antioxidant enzymes in the body, with impor-
tant roles in removing the excess ROS produced by oxidative stress (Castro-Alférez, Polo-
López, Marugán, & Fernández-Ibáñez, 2017). Reductions in the activities of these three
enzymes indicate that the body has been damaged by ROS and its antioxidant capacity
has decreased. The accumulation of large numbers of free radicals seriously damages
body tissues, further injuring the antioxidant system. Therefore, the status of an
animal’s free-radical-scavenging capacity can be evaluated from the activities of SOD,
CAT, and GSH-Px. MDA is a direct product of lipid peroxidation, which is closely
related to the cell damage caused by oxidative stress (Chowdhury et al., 2017). It is
often used as an indicator of the degree of peroxidation. When external oxidative stress
intensifies, the body’s MDA content increases significantly.

Our results show that LP intake reduced the MDA content and increased the activities
of antioxidant enzymes. Therefore, regular LP intake effectively relieved the oxidative
stress on the body. This comprehensive analysis of the microstructure of the liver and
the changes in antioxidant indicators demonstrate that LP alleviates liver damage and pro-
tects the liver.

3.4.2. Effects of LP on HSP70 and TNF-α mRNA expression in liver
As shown in Figure 7(a), the hepatic expression of HSPa1b was significantly higher in the
MG group than in the NC group, whereas the expression of HSPa1b was significantly
lower in the LP groups than in the NC group. As shown in Figure 7(b), compared with
the NC group, the expression of Tnf-α in the MG group was significantly elevated,
whereas that in the L-LP and H-LP groups was significantly lower than in the MG
group, and did not differ significantly from that in the NC group.

HSP70 is one of the heat shock proteins (HSPs) which plays an important role in the
regulation of innate immune response. It is also involved in the immune response under
stress, in intracellular trafficking, anti-apoptosis, and antigen processing (Zhang et al.,
2015). HSP70 can promote the immune system to produce pro-inflammatory cytokines
by stimulating the innate immune cells. The HSP70 multigene family contains HSPa1a,
HSPa1b, and HSPa1l. HSPa1b plays an important role in folding newly synthesized
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proteins and refolding denatured proteins (Jiang et al., 2012). The expression of HSPa1b
changes during liver injury, and was significantly higher in the livers of the MG group than
in those of the NC group. However, it was significantly lower in the LP groups than in the
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Figure 5. The serum levels of SOD (a), MDA (b), and GSH-Px (c) in each group. NC, normal control
group; MG, model group; L-LP, low dose of loach meat paste; H-LP, high dose of loach paste. Values
are mean ± SD (n = 15). means with different letters (a–d) differ significantly (p < .05).
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Figure 6. The liver levels of SOD (a), MDA (b), CAT (c), and GSH-Px (d) in each group. NC, normal control
group; MG, model group; L-LP, low dose of loach meat paste; H-LP, high dose of loach paste. Values are
mean ± SD (n = 15). Means with different letters (a–d) differ significantly (p < .05).
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MG group, but it did not differ significantly between the LP and NC groups. This indicates
that the injection of DG, an exogenous oxidative stimulant, increased HSPa1b expression,
whereas LP had an antioxidant function, alleviating the exogenous oxidative effect,
improving immunity, and did not stimulate the expression of HSPa1b.

TNF-α is a pro-inflammatory cytokine secreted by T lymphocytes and activated macro-
phages, which plays an important role in regulating cellular immunity and resisting viral
and bacterial invasion. It is also involved in tumour progression, ageing, and other patho-
physiological processes (Vimala, Hussain, & Wan Nazaimoon, 2012). In this study, a sig-
nificant increase in TNF-α gene (Tnf-α) expression in the MG group showed that the
injection of DG caused the accumulation of large amounts of ROS, which induced the
excessive expression of Tnf-α. Our results show that LP eliminated some of the ROS,
maintaining the balance of the body’s oxidative system, improving immunity, and thus
restoring the stable expression of Tnf-α.

b

a

b

b

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

NC MG L-LP H-LP

R
el

at
iv

e 
ex

pr
es

si
on

 o
f 

H
SP

a1
b 

m
R

N
A

a

b

a

b b

0.0

0.5

1.0

1.5

2.0

2.5

NC MG L-LP H-LP

R
el

at
iv

e 
ex

pr
es

si
on

 o
f 

T
N

F-
α 

m
R

N
A

b

Figure 7. Liver genes expression of HSPa1b (a) and TNF-α (b) in each group. NC, normal control group;
MG, model group; L-LP, low dose of loach meat paste; H-LP, high dose of loach paste. Values are mean
± SD (n = 15). Means with different letters (a–d) differ significantly (p < .05).
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4. Conclusion

The biological activities of LP were studied in a DG-induced ageing mouse model. Our
results indicate that LP has antioxidative activity in vivo and alleviates the liver damage
caused by oxidative stress. The loach has been a favourite Chinese traditional medicine
and food for thousands of years. This study provides new evidence of its biological
activities.
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