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Abstract This paper aims to explore the effect of soybean trypsin inhibitor（STI） on oxygen free radicals levels
in pancreatic mitochondria of mice. 36 male KM mice were randomly divided into three groups and fed with
different diets as follows: control group was fed on control diet, STI group was fed on control diet containing STI,
and VC (vitamin C) group was fed on STI diet supplemented with vitamin C. Mice were sacrificed by decapitation
after being fed for 3 weeks. Pancreas was quickly removed and mitochondria were prepared for determining the
oxidative and antioxidative index. The results showed that, compared with mice fed with control diet,
malondialdehyde (MDA) content and activity of nitric oxide synthase (NOS) in pancreatic mitochondria of mice fed
with STI diet were significantly increased (P < 0.05), the content of glutathione (GSH), total antioxidant capacity (TAOC), the activities of glutathione peroxidase (GSH-Px), catalase(CAT) and superoxide dismutase (SOD) were
significantly dropped. After STI diet was supplemented with antioxidant, the contents of oxidation parameters were
significantly decreased (P < 0.05), but their values were still higher than those of control group; the activities of
antioxidant parameters in pancreatic mitochondria were significantly increased (P < 0.05), but still lower than those
of control group. These results supported that STI could cause oxidative stress in pancreatic mitochondria. In
addition, vitamin C could interfere with the role of STI on the organism and effectively improve the status of
oxidative stress.
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1. Introduction
Being a good resource of vegetable protein, soybean is
of highly nutritive value. It is rich in a good balance of
proteins, amino acids and essential lipids, which confer a
good nutritional value. But soybeans contain antinutritional factors which affect the development and
utilization of soybean [1]. Early studies found that
soybean contains more than ten kinds of anti-nutritional
factors [2]. Among them, trypsin inhibitor is the major
anti-nutritional factors (ANFs) in soybean seeds [3], and it
could result in a serious obstacle when human being
consume soybean. It was reported that trypsin inhibitors
accounted for 30-50% of the growth inhibition effect and
almost all of the hypertrophic response in the pancreas of
animals fed with raw soybean meal. Bau et al. (2001) also
discovered that trypsin inhibitor could reduce protease
activity and stimulate the synthesis and secretion of the
pancreas, which led to hypertrophy and hyperplasia of
pancreas [4]. STI also has a negative role under certain
circumstances, it will reduce digestibility of nutrients and
feed conversion, decrease feed intake and weight, cause
mouse and chicken pancreas swelling, and the degree was
related with STI levels in the diet [5,6,7,8].

Mitochondria are the main production place of free
radicals. It is estimated that approximately 0.2–2% of the
oxygen taken up by a cell is converted by mitochondria to
reactive oxygen species (ROS), mainly through the
production of superoxide anion radical（O2•−）[9]. It also
considered the most equal important cellular organelle to
contribute to the aging process, mainly through formation
of reactive oxygen species and respiratory chain
dysfunction that result in the damage of mitochondrial
proteins, lipids, and DNA [10]. Therefore, mitochondria
are the main site of cellular biological oxidation and
energy conversion. It is not only a major source of ROS,
but also the main target of ROS injury. The early studies
indicated that STI could do harm to pancreas by
increasing the formation of lipid peroxidation [11], but the
mechanism remains unclear. So this paper aims to explore
the effect of STI on the generation of free radicals in
pancreatic mitochondria. Meanwhile, vitamin C (VC) was
supplemented to diet in order to further study the change
trend of free radicals under the antioxidant intervention.

2. Material and Methods
2.1. Animals and Treatment
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36 male KM mice were all housed in a temperaturecontrolled (20-22°C) room with a 12-h lightedark cycle
and had free access to drinking water. After acclimation
for 1 weeks, all animals were randomly divided into three
groups as follows: control group, STI group and STI+VC
group. The mice in control group was fed a control diet.
The mice in STI group was fed a control diet containing
4.8mg/g STI. The mice in STI+VC group was fed a STI
diet supplmented with 1500mg/kg Vitamin C. The
composition of the control diet was shown in Table 1. All
mice were fed for 3weeks. Soybean trypsin inhibitor
specific activity was 4600U/mg. The care and use of the
mice followed the institutional guideline of Jilin
Agricultural University.
Table 1. Composition of the diets (g/kg) a
Ingredient

Diet

b

Protein

Casein

Carbohydrates

Corn starch b

2.3.2. Determination of NOS Activity
Nitric oxide synthase (NOS) activity was measured by
the NOS assay kit (Biotech Nanjing Chinese built Society)
with absorbance of organic layer observed at 530 nm
(Specord 200, Germany) with a spectrophotometer [15].
NOS activity was expressed as unit per gram, one
unit/gram meaning 1 μmol of nitric oxide (NO) formed
per gram of protein per minute.

2.4. Assessment of Antioxidative Parameters

200
660

c

Fat

Soybean oil

Fibers

Cellulose powder b

Others

Lipid peroxidation was determined by estimating the
level of thiobarbituric acid reactive substances. Contents
of malondialdehyde (MDA) of isolated mitochondria were
measured essentially as described by Koca et al.’s method
[14] and the reaction was followed on a spectrophotometer
at 532nm conditions.

50
30

Mineral mixture

d

50

Vitamin mixture

e

10

Note:
a
The diets were semipurified, isoenergetic (16.33 MJ/kg).
b
Changchun, China.
c
The commercial product (50 g/kg) provides 11.81% of energy. The
soybean oil provides the following fatty acids: 14:0, traces; C16:0, 10.3;
C16:1 ω-7, 0.1; C18:0, 3.9; C18:1 ω-7 + ω-9, 22.1; C18:2 ω-6, 54.8;
C18:3 ω-3, 7.5; C20:0, 0.4; C20:1 ω-9 + ω-11, 0.2; C22:0, 0.4; C22:5 ω3, traces; C24:0, traces; sum of saturated fatty acids (S), 15; sum of
monounsaturated, 22.4; sum of polyunsaturated fatty acids (P), 84.7; P/S,
5.65; Σω-6/Σω-3, 7.3.
d
The salt mixture provides the following amounts (g/kg diet-1): Ca, 4; K,
2.4; Na, 1.6; Mg, 0.4; Fe, 0.12; trace elements: Mn, 0.032; Cu, 0.005; Zn,
0.018; Co, 0.00004; I, 0.00002.
e
The vitamin mixture provides the following amounts (mg/kg diet-1):
retinol, 12; cholecalciferol, 0.125; thiamin, 40; riboflavin, 30;
pantothenic acid, 140; pyridoxine, 20; inositol, 300; cyanocobalamine,
0.1; ascorbic acid, 1600; (dL) α-tocopherol, 340; menadione, 80;
nicotinic acid, 200; paraaminobenzoic acid, 100; folic acid, 10; biotin,
0.6; choline, 2720.

2.2. Preparation of Mitochondria
At the end of the experimental period and 12 h after the
last feeding, the mice were sacriﬁced by decapitation and
the pancreatic samples were obtained. Mitochondria of
pancreas in mice were isolated according to Brustovetsky
and Dubinsky [12] with some modifications. Pancreas was
moved to preparation buffer including 250 mM sucrose, 1
mM ethylenediaminetetraacetic acid (EDTA), 20 mM
triethanolamine hydrochloride (TRAP), pH 7.4 to
isolation. After homogenization, the nuclei and cell debris
were separated by centrifugation at 700×g for 10 min.
Pancreatic
mitochondria
were
obtained
after
centrifugation of the supernatant at 8000×g for 10 min.
The mitochondrial pellets were resuspended in ice-cold
buffer. All the above procedures were performed at 4°C.
The mitochondrial protein content was determined
according to Lowry et al. using bovine serum albumin as
standard [13].

2.3. Assessment of Oxidative Parameters

2.4.1. Determination of GSH Content
The non-enzymic antioxidant reduced glutathione (GSH)
was analyzed by the method of Tietze [16]. The GSH
content was measured using the 5,5'-Dithiobis-(2nitrobenzoic acid) (DTNB) reductase recycling assay for
total glutathione, based on reduction of DTNB and
formation of a yellow colored anionic product monitored
by spectrophotometer at 412 nm.
2.4.2. Determination of GSH-Px Activity
Glutathione peroxidase (GSH-Px) activity was
measured according to Sabuncu et al. [17]. One unit of
GSH-Px was defined as a decrease in the log of mmol
GSH per minute and was expressed in unit per mg protein.
The automatic decrease of GSH without enzyme (control
reaction under same condition) was subtracted from the
calculation.
2.4.3. Determination of SOD Activity
The activity of antioxidant superoxide dismutase (SOD)
was detected by use of the previously reported method of
Beauchamp & Fridovich [18]. The optical density of red
product was read at 550 nm. One enzyme unit of SOD
activity was defined as the amount of SOD causing 50%
inhibition in 1 mg protein of tissue.
2.4.4. Determination of CAT Activity
Colorimetric estimation of catalase (CAT) activity was
finished according to the method of Aebi [19]. The
principle of the assay is based on the determination of the
H2O2 decomposition rate at 240 nm. One unit of enzyme
activity was deﬁned as the amount of enzyme required for
monitoring the disappearance of H2O2 in 1min.
2.4.5. Determination of T-AOC Activity
Total anti-oxidative capacity (T-AOC) was determined
according to Koc et al's method [20]. Brieﬂy, potent free
radical reactions were initiated with the production of a
hydroxyl radical via Fenton reaction and rate of reactions
was monitored by following the absorbance of colored
dianisidyl radicals. Using this method, antioxidative effect
of the sample against potent free radical reactions was
measured at 550nm.

2.3.1. Determination of MDA Content

2.5. Statistical Analyses
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1000

SOD（U/mgprot）

SPSS 18.0 statistical software was used for data
analysis. Data from different assay treatments were
analyzed by one-way analysis of variance (ANOVA); The
Student-Neuman-Keuls post-hoc test was used to
determine signiﬁcance for individual experimental
conditions. Differences with P < 0.05 were regarded as
significant.
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Figure 3. Change of SOD activity in pancreatic mitochondria

3.1. MDA Content and NOS Activity in
Pancreatic Mitochondria of Mice
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The content of MDA in pancreatic mitochondria was
shown in Figure 1. Compared with the control animals,
MDA content in pancreatic mitochondria was significantly
increased in STI group (P < 0.05). After antioxidant was
added to STI diet, MDA content was significanlty
decreased (P < 0.05), but still higher than that of control
group.
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Figure 4. Change of CAT activity in pancreatic mitochondria
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Figure 1. Change of MDA content in pancreatic mitochondria
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Figure 6 showed that, STI could significantly decrease
non-enzyme antioxidant, GSH content in pancreatic
mitochondria (P < 0.05). After vitamin C was
supplemented, GSH content was significanlty increased (P
< 0.05), but its value was still low compared with that of
control group.
0.25
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Figure 2 demonstrated the effect of STI on NOS
activity in pancreatic mitochondria. Compared with the
control group, NOS activity in pancreatic mitochondria of
STI group was significantly increased (P < 0.05). The
activity of NOS in STI+VC group was significantly lower
(P < 0.05) than that of STI group, but still higher than that
of control group.
a

1

Figure 5. Change of GSH-Px activity in pancreatic mitochondria

STI+VC Group

0.8
0.6

a

0.2
0.15

a

0.1
0.05

0.4
0.2

b

0

b

b

Control Group

0
Control Group

STI Group

STI+VC Group

70

T-AOC（U/mg）

As shown in Figure 3-Figure 5, compared with the
control animals, the activities of enzyme antioxidants
(SOD, CAT and GSH-Px) in pancreatic mitochondria
were significantly decreased in STI group (P <0.05). The
supplement of vitamin C could significantly improve the
antioxidative capacity in mitochondria (P <0.05), but
activities of SOD, CAT and GSH-Px were still lower than
those of control group.
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Figure 6. Change of GSH content in pancreatic mitochondria

Figure 2. Change of NOS activity in pancreatic mitochondria

3.2. The levels of Antioxidative Parameters in
Pancreatic Mitochondria of Mice
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Figure 7. Change of T-AOC activity in pancreatic mitochondria

The result of T-AOC was shown in Figure 7. The
comparison among three groups was different and
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statistically significant (P < 0.05) except for no
significance between control group and STI+VC group.

4. Discussion
Mitochondria have been described as “the powerhouses
of the cell” because they link the energy-releasing
activities of electron transport and proton pumping with
the
energy
conserving
process
of
oxidative
phosphorylation, to harness the value of foods in the form
of adenosine triphosphate (ATP) [10]. The mitochondrial
respiratory chain is followed by production of ROS during
energy metabolism [21,22]. If electrons stop ﬂowing
through the chain, the proton motive force dissipates and
ATP production cannot continue. Nicotinamide adenine
denucleotide reduced form (NADH), nicotinamide
adenine denucleotide phosphate reduced form (NADPH),
and flavin adenine dinucleotide reduced (FADH2) are
produced almost exclusively via the aerobic metabolism
of protein, fat, and glucose, an increase in dietary energy
intake enhances mitochondrial free radical production,
which results in oxidative stress [23]. The mitochondrial
free radical theory of aging [24] indicated that
mitochondria provide most of the energy to the cells, but
also are the main source of reactive oxygen species. When
rates of free radical production are greater than the
scavenging rates, oxidative damage likely occurs in cells
and tissues. It is reported that redox imbalance between
plasma and liver mitochondria might become a major
threat to chronic diabetic rats [25]. Early study showed
that doxorubicin causes significant cardiotoxicity
characterized increases in oxidative stress and
mitochondrial dysfunction [26]. It is reported that
malathion has been shown to induce oxidative stress, lead
to the lipid peroxidation of brain mitochondria [27].
Lipid peroxidation has been suggested to be a main
mechanism of oxidative stress [28]. MDA is a product of
multiple unsaturated fatty acid peroxidation, often used as
a reliable marker of lipid peroxidation [29]. In our
investigation, MDA content in pancreatic mitochondria of
mice fed STI diet was significantly increased (P < 0.05),
which demonstrated that lipid peroxidation were increased
by STI. Similar results were observed in naphthalenetreated rats, free radicals levels of mitochondria in liver
and kidney were increased, lipid peroxidation was
increased and glutathione content was decreased [30].
NOS produces NO by catalyzing the conversion of Larginine to Lcitrulline, with the concomitant oxidation of
NADPH, which have slow down the velocity of the
electrons in the respiratory chain to inhibiting the breath
and reducing the consumption of oxygen, causing a state
of stress leading to mitochondrial lipid peroxidation
[31,32]. In our study, NOS activities in mitochondria of
STI group were signiﬁcantly increased (P < 0.05).
Prasenjit Manna et al. also found that hyperglycemia
increased production of ROS, increased lipid peroxidation,
and increased activity of inducible nitric oxide synthase
(iNOS) [33]. All above results demonstrated that STI can
lead to the increase of free radicals levels in pancreatic
mitochondria.
The main antioxidant defense system includes
enzymatic reaction system and non enzymatic reaction
system, enzymatic system mainly for SOD, CAT and

GSH-Px; non enzymatic system mainly for vitamins
( vitamin C, vitamin E etc.), amino acid and so on [34].
SOD molecules mediate scavenging of ROS to H2O2 and
molecular oxygen. They belong to a large family of
isoenzymes that mediate cellular response to oxidative
stress and represent the main enzymatic source of
peroxides [35,36]. CAT is an important antioxidant
enzyme that protects life against harmful effects of H2O2
through disproportionating it into molecular oxygen and
water [37]. GSH-Px by reduction of GSH to catalyze the
hydrogen peroxide and organic peroxides, is an important
component of antioxidant system [38]. Our results showed
that activities of SOD, CAT and GSH-Px in STI group
were signiﬁcantly decreased compared with those of the
control animals. Similar results could be observed that
SOD activity in pancreatic mitochondria of diabetes was
decreased by oxidative stress [39]. Hilaire Bakala et al.
found that the key role of mitochondrial catalase of rat
liver in antioxidant action was recently demonstrated by
decreasing catalase activity [40]. It is reported that the
activities of SOD and GSH-PX were decreased by
endosulfan-induced oxidative stress, which lead to
mitochondrial energy metabolism dysfunction involved in
reproductive toxicity of mice [41]. These results suggested
that the excessive free radicals induced by STI consumed
a large number of antioxidant and caused the antioxidative
capacity weakened in organism.
GSH is the important part of non enzymatic
antioxidants. GSH can remove peroxynitrite (ONOO-)
with the formation of oxidized glutathione (GS-SG),
which is converted back into GSH by the NADPHdependent glutathione reductase [42]. T-AOC can
eliminate free radicals and reactive oxygen species (O-2),
blocking peroxidation chain, to avoid the occurrence of
lipid peroxidation and can remove the catalytic metal ion
[43]. It is reported that in heart mitochondria the T. cruziinduced oxidative stress occurred by activation of
glutathione antioxidant defenses to control the oxidative
damage which decreased the GSH content of mice [44].
Samir Mandal et al. found that enhanced hepatotoxicity
might result in oxidative stress in liver, and GSH content
was decreased in antioxidant defense system [45]. In our
study, it was found that GSH content and T-AOC level in
STI group were significantly decreased compared with
those of the control animals (P <0.05). Taken together,
these results suggested that excessive production of free
radicals in pancreatic mitochondria consumed a large
number of enzymatic antioxidants and non enzymatic
antioxidants so these antioxidants were significantly
decreased, which is consistent with the results of previous
reports [40,41].
Vitamin C (ascorbic acid), as a very powerful
antioxidant agent, can act both, directly, via scavenging of
reactive oxygen species, and indirectly, through
regeneration of other antioxidant systems [46]. This
vitamin was shown to protect effect against free radicalinduced oxidative damage [47]. In our investigation,
vitamin C could reduce excessive production of free
radicals caused by STI, thus protect the body from the
damage of endogenous oxygen free radical.

5. Conclusions
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In summary, the results of our study suggested that
soybean trypsin inhibitor exhibited harmful effect on
pancreatic mitochondria, which induced oxidative stress
by increasing the formation of lipid peroxidation and
overall impairing enzymatic and nonenzymatic
antioxidant defenses in mice. Treatment with supplement
vitamin C in soybean trypsin inhibitor diet significantly
reduced extent of oxidative stress in pancreatic
mitochondria of mice, which further demonstrated that
soybean trypsin inhibitor may destroy the balance of
oxidant and antioxidant in organism by inducing
generation of free radicals.
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