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ABSTRACT
Aim: The aim of this study is to demonstrate the relation between the expression of liver alpha-amylase and obesity.
Background: Alpha-amylase catalyses the hydrolysis of 1, 4-alpha-glucosidic linkages in polysaccharides and has three main
subtypes, including: salivary, pancreatic, and hepatic. Hepatic alpha-amylase is involved in glycogen metabolism, and has a role in
obesity and its management. In this study, we aimed to analyze the expression of liver alpha-amylase in overweight and obese mouse.
Material and methods: In this study, NMRI male mice were randomly divided into two groups. The sample group (obese)
took a high-fat and carbohydrate diet, while the control group (normal) took a laboratory pellet chow for eight weeks.
During this period, their weight was measured. After eight weeks, liver hepatocytes were isolated using an enzymatic
digestion method. Immunocytochemistry (ICC) and flow cytometry analysis were performed to measure alpha amylase
protein expression in mouse liver hepatocyte cells.
Results: A significant difference in the body weight was observed between the two groups (p<0.05). The qualitative protein
expression of liver alpha-amylase was found to be higher in the obese group in both tests (immunocytochemistry and flow
cytometry). Animals from the test group presented higher alpha-amylase expression, which suggests that this hepatic protein may
constitute a potential indicator of susceptibility for fat tissue accumulation and obesity. The present data demonstrates an increased
expression of liver amylase in obese mice.
Conclusion: These results suggest that liver amylase secretion might be useful for predicting susceptibility to obesity
induced by consumption of a high-fat and carbohydrate diet.
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Introduction
1

Alpha-amylases
(1,
4-aD-glucan-4glucanohydrolase, EC 3.2.1.1) are widely found
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in microbial species, plants, and animals. They
are involved in the hydrolysis of amylum and
glycogen (1, 2). Three amylase isoforms were
found in humans and other animals. These
isoforms are secreted mainly by the salivary
glands and the pancreas, and partly by the liver.
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Alpha amylase plays an important role in the
digestion of amylum polysaccharides and is the
main source of glucose production in blood (3)
The prevalence of obesity has been increased
enormously worldwide due to an imbalance
between energy intake and output, and
consumption of high amounts of fat. A high-fat
diet increased plasmatic levels of triacylglycerol
and total cholesterol, as well as the risk of insulin
resistance and cardiovascular disorder (4).
Salivary amylase (SA) hydrolyses the alpha-1
and 4 glycosidic linkage of starch in the mouth
and converts it to oligosaccharides (5). The rest
will be digested in the intestine by pancreatic
amylase (PA) and hepatic alpha-amylase (HA)
hydrolysis activity to maltose, maltotriose, and
other oligomers that are eventually converted to
the glucose (6, 7).
The alpha-amylase genes cluster is a suitable
experimental tool for studying the tissue
specificity of gene expression. Members of this
cluster are expressed in different tissues, such as
the parotid gland, the pancreas, and the liver.
Two different types of alpha-amylase genes are
expressed in the mice of the inbred strain. The
single-copy gene Amy-l expresses two types of
mRNA with identical coding, but different 5´terminal non-coding sequences in the parotid
gland and the liver (8). The tissue-specific leader
sequences are specified by two separate Amy-1
exons, which contain the cap sites for the two
different mRNAs (9).
The parotid gland-specific mRNA has a
concentration that is at least 100-fold higher in
the parotid gland than in the liver tissue (10). The
different concentrations of Amy-l-related
mRNAs in the parotid gland and the liver are
regulated primarily at the transcriptional level by
two promoters with different activities (11). The
less active promoter directs the synthesis of livertype mRNA and is active in both tissues. An
approximately 30 times more active promoter
exists in the parotid gland. This promoter directs

the synthesis of mRNA with the parotid-type
leader sequence. Amy-2 specifies that pancreatic
alpha-amylase mRNA exists as a multiple. Amy2 has similar copies in the mouse genome (12).
The pancreas-specific mRNA is about 10 and
1,000 times more abundant than its parotid and
liver counterparts, respectively (10).
In obesity, a high glycogen content is hydrolysed
by the activity of pancreatic and salivary alphaamylase, which leads to an increased level of
glucose in the blood (13). The studies showed
that hepatic amylase might also have a role in the
metabolism of glycogen as it has a high affinity
to this carbohydrate. The level of blood glucose
increases in metabolic diseases such as obesity
and type 2 diabetes (14). Therefore, controlling
amylase activity could be an important approach
for diagnosis and treatment of high blood glucose
(15, 16). In this regard, amylase inhibitors
prevent the hydrolysis of starch into oligomers
(17). These inhibitors could ameliorate the
deleterious effects of low blood sugar after meals
to delay the glucose absorption in the blood (18).
Inhibition of
alpha-amylase
significantly
decreases the postprandial increase of blood
glucose after a mixed carbohydrate diet. Thus, it
can be used as a method to control postprandial
blood glucose levels in obese and type 2 diabetic
patients (19).
Obesity has a significant incidence in the world,
which has been led to clinical complications with
an economic cost to patients. Due to limited
studies in this research area, in this study, we
aimed to discuss the expression level of liver
alpha-amylase in obese mouse hepatocytes. In
this study, we compared the expression level of
alpha-amylase in obese mice and the control
group to evaluate the role of liver alpha-amylase
in obesity. The results of this study will be
important for treating obesity and reducing its
complications.
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Material and Methods
Animal Model
NMRI male mice (six weeks old) were
randomly divided into two groups (n=6). The
sample group (obese) took a high-fat and
carbohydrate diet for eight weeks. Meanwhile,
the control group (normal) took laboratory pellet
chow. Over an eight-week period, the rats’ body
weight was measured weekly. NMRI mice (25–
30 g) were kept in propylene cages at room
temperature for 12 h light/dark cycles with chow
and water. Experimental protocols were approved
by the ethical committee of Azad University on
Care and Use of Animals. This was in accordance
with the guidelines of the National Institute of
Health, USA (20).
Diet Composition
The commercial diets used for animal studies
consisted of 19% protein, 56% carbohydrate, 3.5%
lipids, 4.5% cellulose, and 5% vitamins and
minerals, with a total energy content of 17.03
kJ/gr. The standard high-fat and carbohydrate diet
used for the study comprised the following hypercaloric constituents: 15 g of laboratory animal
chow, 10 g of roasted groundnuts, 10 g of milk
chocolate, and 5 g of maize biscuits. These
ingredients were mixed and prepared in the form
of pellets containing 20% protein, 48%
carbohydrate, 20% lipids, 4% cellulose, as well as
5% vitamins and minerals. The total energy
content of this diet was 21.40 KJ/g. Thus,
compared to the normal diet, the high-fat and
carbohydrate diet was hyper-caloric with a net
energy difference of 4.37 kJ/g. To avoid lipid
peroxidation, the food stock was stored at 24◦C
(20).
Isolation and Culture of Mouse Hepatocytes
Liver tissue was washed with cold PBS
containing penicillin-streptomycin 2X in sterile
conditions, thus removing blood content. Further,
cool PBS with antibiotics was drawn into a 5 ml

syringe, and then the tip of the needle was inserted
into the hepatic vein to remove more blood. Then,
it was transferred into a DMEM medium. The
tissue was then cut into smaller parts using sterile
scissors and a surgical blade (21).
Next, the cells were harvested using an
enzymatic method. In short, 5 ml (Trypsin-EDTA)
was added to the samples followed by 5 min of
incubation at 37°C. To neutralize the proteolytic
activity of trypsin, a culture medium containing
10% FBS was added and cells were centrifuged
for 5 min at 1,500 RPM. After 5 min, the
supernatant was discarded and a fresh medium
containing 10% FBS was added. The cells were
then transferred to the culture flask. A small
amount of cell suspension was removed for the
cell count and investigating the percentage of cell
viability using the dye exclusion method (21).
Immunofluorescence Microscopy
Cultured cells on coated glass coverslips were
fixated with cold absolute ethanol for 10 min.
Given that the selected markers were cytoplasmic
proteins, Triton X-100 was used to permeablize
the cells for 15 min. To block the non-specific
binding, 5% goat serum was used, followed by 45
min of incubation at room temperature. After
washing with PBS thrice, the cells were incubated
with the rabbit anti- mouse alpha-amylase
antibody (1/100, Santa Cruz biotech) for 3 h. The
cells were then incubated with FITC-conjugated
anti-rabbit IgG (1/100, Santa Cruz biotech) for 1
h. The cells were protected from drying by adding
1 ml PBS to each well and keeping this at 4°C
until it was observed through an inverted
fluorescence microscope. The samples were
examined using a fluorescence microscope
(Nikon, Melville, NY) (22).
Flow Cytometry Assay
Flow cytometry assay was done as follow:
Suspend cell pellet in 5 ml of PBS and centrifuge
for 5 min at 1,500 RPM and fix with
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araformaldehyde 4% (4ºC), followed by 10 min of
incubation with Triton X-100.
The cells washed twice with goat serum and
incubated with a rabbit anti- mouse alpha-amylase
antibody overnight (1:50 Santa Cruz biotech).
After washing thrice, the samples were incubated
for 45 min with FITC-conjugated anti-rabbit IgG
(1/100, Santa Cruz biotech). Cell suspension
analyses were performed using BD flow
cytometry (23).
Statistical Analysis
The results are presented as means ± standard
deviation. The data was analysed by a student’s ttest or a one-way analysis of variance (ANOVA),
followed by Tukey’s test, using the GraphPad
Prism program (version 4.0). Differences were
considered significant at p<0.05.

Results

and visceral obesity (abdominal) confirmed the
incidence of obesity in mice taking a high-fat and
carbohydrate diet. The results showed a significant
difference between the weight of mice with a
high-fat and carbohydrate diet and control group
mice with a normal diet (p<0.05) (Figure 1). There
are limited studies on the isolation of the
hepatocyte primary cell culture. The mouse
hepatocyte primary cell was cultured as described
previously. The result is shown in Figure 2. The
viability percentage of the cells was assessed
using the trypan blue dye exclusion test. If the
viability was less than 85%, the cell was not
utilized in the test.
Flow cytometry analysis of amylase indicated
that the expression level of this gene in
hepatocytes derived from mice receiving a highfat and carbohydrate diet was 48% (Figure 3A).
However, the expression level of this gene in

Abdominal obesity was obtained in NMRI
mice after eight weeks of a high-fat and
carbohydrate diet. The body weights of the mice

Figure 1. The diagram of weight Change (obese & control groups) of mice under different diets composition; A
significant increase in weight mean change were observed in obese group (6mice) compared to the control group (6 mice).
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cytometry
was
confirmed
by
immunocytochemistry (ICC) staining. ICC results
revealed that amylase gene expression in
hepatocytes derived from the liver of mice
receiving a high-fat and carbohydrate diet was
higher than that of control mice receiving a normal
diet (Fig 4A, 4B).

Discussion

Figure 2. Mouse hepatocyte primary
Magnification; 10X (NIKON ECLIPSE E600).

cells.

Figure 3. Flowcytometry analysis showing expression
of Alpha amylase in hepatocyte of obese (A) and
normal mouse (B); the purple graft represented the
isotype control.

hepatocytes derived from control mice (normal
diet) was about 7% (Figure 3B). The results
showed a direct correlation between alphaamylase gene expression in the liver and the
increase of a high-fat and carbohydrate diet and
the resultant obesity. The data obtained by flow

The existence of individuals with a tendency
and individuals with a resistance to obesity has
been noted for both humans and animals. In rats,
this differential response to weight changes has
already been seen in individuals on high-fat diets,
and has been attributed to different causes, such as
overconsumption, or to the modulation of gene
expression related to lipogenesis (24-26).
The liver produces a variety of proteins with
important roles in the function of the body, some
of which have been suggested to influence
digestive behavior.
The interest in the study of liver proteins has
increased. These proteins are a source of
biomarkers of pathological disorder and may help
in the understanding the molecular mechanisms of
the disease.
Nonetheless, no studies were found on the
hepatic amylase function in the obesity.
The expression of alpha-amylase in the liver
and serum was studied for the first time in 1961.
This study showed that the enzyme in the liver has
an antigenic properties similar to the enzyme
expressed by saliva. Moreover, many studies have
stated that the existing amount of amylase in
serum is supplied by the liver rather than other
sources such as saliva or the pancreas in normal
physiological conditions (27).
McGeachin and Potter (1961) reported that
chemical damages to the liver tissue leads to a
considerable reduction of amylase activity in the
liver and serum in vivo (28). It has also been
reported that liver amylase in the blood of rats
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Figure 4. Immunoflurecent assay representing the low expression of amylase in the hepatocyte of normal mouse
(Fig 4A) and the high expression of amylase in the obese mouse (Fig 4B) amylase expression is obvious in FITC
stained cell (green) and nuclei are stained with DAPI (blue). Observation under the immunofluorescent microscope
Magnification; 20X(NIKON ECLIPSE E600).

receiving a nutritious diet is comprised of serum
amylase and glycogen (29). Although the amylase
expression by the liver has been proven and the
nucleotide sequence of this enzyme in mice has
been determined, no absolute performance has yet
been identified for this enzyme (8).
However, some studies have noted that this
enzyme plays a major role in glycogen
metabolism in the liver (30).
The role of hormones in liver alpha-amylase
activity is well known. It has been found that
adrenaline injections increase the activity of alphaamylase in serum. Meanwhile, glucagon has the
opposite effect, as it reduces the enzyme activity
of alpha-amylase (31). Studies showed that in
damaged hepatocytes of patients, glucagon would
not reduce the alpha-amylase activity. This
suggests a role for liver alpha-amylase in the
glycogen metabolism (32).
In 2001, while studying the alpha-amylase
gene expression in rat liver, Koyama et al. stated

that this enzyme is glycosylated with the
molecular mass of 50 kDa and has a strong
affinity to glycogen (33). There is a result
indicating that the liver is the major source of
serum amylase rather than the pancreas or the
parotid glands (27).
The serum amylase level is influenced by many
factors, such as hydration status, psychosocial
stress, and dietary habits. It has been shown that
the average copy number of the AMY1 gene is
higher in populations that evolved under highstarch diets versus low-starch diets, thus reflecting
an intense positive selection imposed by diet on
amylase copy number during the evolution. As
described earlier, AMY1 is a gene that specified
for coding of salivary and hepatic amylase (34).
According to the results of the present study, it
was demonstrated that the average expression
level of the liver alpha-amylase gene in the
hepatocytes of mice receiving a high-fat and
carbohydrate diet was higher than that of mice
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receiving a normal diet. This increase in the
protein expression was also confirmed by flow the
cytometry and immunocytochemistry. Our result
showed the high expression of liver alpha-amylase
in the hepatocytes of obese mice. The finding
indicates the role of this enzyme in glycogen
metabolism.
Up-regulated amylase in serum of mice
receiving a high-fat diet compared with the control
group might indicate that the liver iso-enzyme has
a direct correlation with obesity and glycogen
increase.
In conclusion, consumption of a high-fat diet
induced obesity in NMRI mice. It is concluded
that liver alpha-amylase (or serum amylase) may
be useful to predict susceptibility of obesity. Liver
alpha-amylase levels in animals are related to the
rate of future weight gain. However, the
mechanisms responsible for the expression of liver
alpha-amylase in line with obesity susceptibility
need to be investigated. This study suggested the
liver alpha-amylase gene as a molecular biomarker
of obesity. Therefore, liver alpha-amylase could
be considered as an indicator for the identification
of obesity and other metabolic diseases.

European perspective: a systematic review. BMC Pub
Health 2008; 8: 1.
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