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Effect of ulinastatin on paraquat-induced-oxidative
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BACKGROUND: Ulinastatin (UTI) is a urinary trypsin inhibitor extracted and purified from urine
of males. This study aimed to explore the effects of UTI on paraquat-induced-oxidative stress in
human type Il alveolar epithelial cells.

METHODS: The human type Il alveolar epithelial cells, A549 cells, were cultured in vitro. The A549
cells were treated with different concentrations of paraquat (200, 400, 600, 800, 1 000, 1 200 ymol/L) and
ulinastatin(0, 2 000, 4 000, 6 000, 8 000 U/mL) for 24 hours, the cell viability was measured by cell
counting kit-8 and the median lethal concentration was selected. In order to establish an in vitro model
of paraquat intoxication and to determine the safe dose of ulinastatin, we calculated LD50 using cell
counting kit-8 to determine the survival rate of the cells. A549 cells were divided into normal control
group, paraquat group and paraquat+ulinastatin group. The levels of malondialdehyde (MDA) and
myeloperoxidase (MPO) were detected by biochemistry colorimetry, while the level of reactive oxygen
spies (ROS) was detected by DCFH-DA assay.

RESULTS: The survival rate of A549 cells treated with different concentrations of paraquat
decreased in a concentration-dependent manner. Whereas there was no decrease in the survival rate
of cells treated with 0—4 000 U/mL ulinastatin. The levels of MDA, MPO, and ROS were significantly
higher in the paraquat group than in the normal control group after 24-hour-exposure. And the
survival rate of the paraquat+ulinastatin group was higher than that of the paraquat group, but lower
than that of the normal control group. The levels of MDA, MPO, and ROS were lower than those of
the paraquat group.

CONCLUSION: Ulinastatin can alleviate the paraquat-induced A549 cell damage by reducing
oxidative stress.
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INTRODUCTION
Paraquat (PQ) is a fast-acting contact herbicide. It

is highly lethal upon entry into human body with the
lungs being its major target organ."* After entering
the alveolar epithelial cells, PQ undergoes oxidative
reaction and subsequently triggers the reactive oxygen
cascade.” " The numerous reactive oxygen spies (ROS)
released from the cascade oxidize the unsaturated fatty
acids in various biomembranes, resulting in damages
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of the capillary endothelial and alveolar epithelial cells,
thus leading to pulmonary injury.” " Ulinastatin (UTI)
is a urinary trypsin inhibitor extracted and purified from
urine of males. Multiple studies have confirmed its effect
on stabilization of lysosome membranes, decrease of
inflammatory mediatorrelease and so on.!"'"” Clinical
studies have showed promising therapeutic effect of
UTI on PQ poisoning, but the exact mechanism remains
unclear."*"”) We suspect that UTI alleviates the clinical
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manifestation of PQ poisoning by reducing the level of
oxidative stress induced by PQ. Thus, we designed this
experiment where type II alveolar epithelium exposed to
PQ was treated with UTI and recorded the effect of UTI
on intracellular biomarkers for oxidative stress.

METHODS
Material and reagents
A549 cells were kept in the Central Laboratory of

Second Military Medical University. Others were used
as follows: standardized PQ 100 mg (Sigma Co. USA);
UTI (Guangdong Techpool Pharmaceutical Co.); bovine
fetal serum, DMEM (hyperglycemic) media, trypsin
(Gibco Co. USA); CCK-8, MDA, DCFH-DA, BCA kits
(Beyotime Institute of Biotechnology); MPO kit (Nanjing
Jiancheng Bioengineering Institute); centrifuge type
75005440 (Thermo, USA); Microplate Reader Synergy 2
(BioTek, USA), photographed with Gen5 1.10 software.

Culture of A549 cells
The A549 cells were cultured in DMEM (hyperglycemic)

media which contained 10% FBS. The media were put into
a 5% CO, incubator at 37 °C, with fluid changed every other
day. The cells were digested with 0.25% trypsin when they
covered 80%—-90% of the surface area, and divided into
subcultures with a ratio of 1:2. The cells in the log phase
were selected to undergo the experiment procedures.

Measurement of cell viability
CCK-8 is a fast and sensitive kit for measurement of

cell proliferation and intoxication using WST-8, which
could be reduced to formazan by intramitochondria
dehydrogenase in the presence of electron coupling
agents. Formazan is of an orange color, and will get lighter
as the cells get more intoxicated. The cells were put into
96- pole plates with a concentration of 5x107/L, incubated
till they covered 70% area, and subsequently treated with
media that contain different concentrations of PQ and UTI
(0, 200, 400, 600, 800, 1 000, 1 200 pmol/L and 0, 2 000,
4 000, 6 000, 8 000 U/mL respectively). There were four-
double poles in every group. After 24-hour incubation,
20 pL CCK-8 agent was added to each pole, and further
incubated for 1 hour, when absorbance (A) at 450 nm
wave-length was measured with a microplate reader. The
cell survival rate (%) = (the mean of A in experiment
group / the mean of A in control group) x100%.

Groups
The cells were put into a 96-pole plate with a
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concentration of 5x10°/L, incubated till they covered
70% area, treated with media that contain different
concentrations of PQ and UTI, and examined with
CCK-8. Different groups in this study included control
group, PQ-treated group, and groups treated with UTI of
different concentrations.

Changes of intracellular malondialdehyde (MDA)
MDA is the end product of polyunsaturated fatty

acid peroxide degeneration. It could react with TBA in
a relatively high temperature and low pH, producing a
red MDA-TBA compound, which could be detected with
colorimetry. The cells were kept in lysate on ice for 10
minutes, taken out with a spatula, mixed, and centrifuged
at4 °C 14 000 g for 15 minutes. The supernatant was then
treated with BCA kit to detect its protein concentration.
Subsequently, 100 pL protein sample was mixed with
200 uL operative solution, bathed in boiling water for
15 minutes, cooled, then centrifuged with 1 000 g for 10
minutes under room temperature. 200 pL. supernatant was
used to measure its absorbance at 532 nm using a 96-pole
plate and a microplate reader. The concentration of MDA
(umol/mg) was calculated according to the standard curve.

Change in the activity of intracellular
myeloperoxidase (MPO)

MPO is secreted by neutrophils, mononucleocytes and
macrophages in some tissues. It contains heme cofactor
and has the ability to reduce peroxide. It could react with
O-anisidine and produce a yellow compound. The cells
in all groups were digested by pancreatic enzyme after
respective procedures, then bathed in 37 °C water with
homogenate agent, after which chromogenic agent was
added and the solution was put in 60 °C water-bath for 10
minutes. The activity of the enzyme (U/g) was calculated
based on the absorbance of the solution at 460 nm.

Level of intracellular reactive oxygen (ROS)
using DCFH-DA

DCFH-DA has no fluorescence as for itself, but it
can freely cross the cytoplasm membrane and be lysed by
intracellular esterase and become DCFH which cannot
cross the cell membrane. Now the indicator is located
inside the cell, it can be oxidized by intracellular ROS to
produce DCF which is fluorogenic. The digested cells were
added to 1 mL agent with 10 pmol/L DCFH-DA, incubated
for 30 minutes, and washed three times. The level of ROS
was indicated by average cell fluorescence measured by a
microplate reader with the excitation wavelength of 488
nm and the emission wavelength of 525 nm.
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Statistical analysis
All data were analyzed with SPSS 11.0 software.

Measurement data were expressed as mean =+ standard
deviation. Student's ¢ test was used for comparison
between the two groups. o was set to be 0.05, with
P<0.05 indicating that the difference was statistically
significant.

RESULTS
Effect of PQ and UTI on the survival rate of

A549 cells

After incubation for 24 hours in PQ solutions with
concentrations of 200, 400, 600, 800, 1 000 and 1 200
umol/L, the survival rate of the cells decreased as the
concentration increased. As indicated by Figure 1, the
survival rate in groups of 400, 600, 800, 1 000, 1 200
pmol/L were significantly different from the control
group (P<0.05). For the purpose of this experiment,
we artificially set the PQ concentration of 800 pmol/L
where the survival rate was 57.01%, as the intervention
point. At the UTI concentration of 2 000 and 4 000
U/mL, the cell survival rates were 94.9%+4.3%,
91.1%+1.6% respectively. This indicated there
was no damage to the cells at these concentrations,
whereas the survival rate decreased significantly at the
concentrations of 6 000 and 8 000 U/mL (75.6%+3.2%
and 56.5%+1.1% respectively). Thus we chose 2 000 and
4 000 U/mL as the operating concentration in our study.
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Figure 1. Effect of different PQ concentrations on the cell survival
rate. The survival rate of the cells decreased as the concentration
increased. Compared to the control group, "P<0.05; compared to the
control group, ~ P<0.01.
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UTI reduced the PQ-induced decrease of
A549 survival rate

The cells were pretreated with UTI for 1 hour, and
then 800 pmol/L PQ was added for 24 hours. The result
showed that the survival rate in the UTI group was
higher than that in the group treated with PQ only. The
difference is statistically significant (Figure 2).

Changes of intracellular MDA, MPO activity,
and ROS

After treatment with 800 pmol/L PQ for 24 hours,
the levels of intracellular MDA, MPO activity, and ROS
increased significantly, whereas 1 hour pretreatment
with 2 000 or 4 000 U/mL UTI before PQ significantly
decreased the intracellular MDA level, MPO activity, and
ROS (Table 1).

DISCUSSION

In this study, we found that the survival rate of
A549 cells treated with PQ for 24 hours were decreased
as the concentration increased. There was no damage
of cells when the concentration of UTI was lower than
4 000 U/mL, whereas the survival rate decreased with
solutions of 6 000 and 8 000 U/mL. Thus the operating
concentrations were set to be 2 000 and 4 000 U/mL. The
A549 cells pretreatment with UTI for 1 hour significantly
decreased the PQ-induced cell death. This proved that UTI
could protect A549 cells from cellular toxicities induced

by PQ.
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Figure 2. Effect of UTI on PQ-induced decrease of survival rate.
Compared to the control group, "P<0.01.

Table 1. Comparison of intracellular fluorescence intensity, MPO activity and MDA level (mean+SD)

Groups ROS fluorescence intensity P value MPO activity (U/g) P value MDA (umol /uL) P value
Control 54.60+2.51 0.27+0.04 1.24+0.05

PQ only 211.20+4.76 0.000 0.65+0.03 0.012 2.17+0.04 0.016
PQ+2000 UTI 153.20+6.06 0.000 0.44+0.08 0.024 1.73+0.62 0.021
PQ+4000 UTI 108.20+4.44 0.000 0.3840.12 0.022 1.47+0.04 0.019
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After entering the pulmonary alveolar epithelium,
PQ undergoes oxidative-reductive reactions and activate
ROS cascade, producing massive ROS, which could
induce apoptosis by pathways such as peroxidation of
cellular lipids, damage of DNA molecular, modulate
apoptosis-related genes.!"" "™ The results of this study
showed that massive ROS was produced after exposure
to PQ, which indicated strong oxidative stress on the
cells. UTI could significantly reduce the increase of
ROS induced by PQ, and the effect was stronger as the
concentration of UTI increased. MDA is a lipidperoxide
produced during the metabolism of oxygen free radicals.
The intracellular level of MDA reflects the precedence
of lipid peroxide free radicals and the extension of
cellular lipid peroxidation."**”’ MPO is an important
peroxidase, which participates in the oxidative stress
reaction. Combined with MDA, it could help to better
indicate the level of oxidative stress.”"** In this study
the intracellular levels of MDA and MPO were both
significantly elevated after treatment with PQ compared
to the control group, and UTI could significantly lower
the extension of that increase induced by PQ, with some
concentration-dependent feature. The above results led
us to the conclusion that the pretreatment of UTI could
significantly reduce the oxidative stress on the cells, and
the effect was dose-dependent.

UTI is a wide-spectrum hydrolase inhibitor composed
of 143 amino acids. It is purified from male urine.” >
As it is a human body protein, it is not immunogenic, and
this is why it could be used safely and wildly. Multiple
studies have suggested that UTI has a protective effect
for pulmonary cells.”**” Possible mechanisms include
inhibition of inflammatory mediator release, elimination
of oxygen free radicals, anti-oxidation and so on.
Ito et al®” reported that UTI could inhibit the rapid
increase of pulmonary TNF-a and MPO in mice with
acute pulmonary injury, thus significantly reducing the
infiltration of inflammatory cells in the alveolar walls and
improving symptoms such as edema and hemorrhage.
Our study also confirmed the protective effect of UTI for
type Il human alveolar epithelium A549.

PQ poisoning could lead to a strong oxidative stress
on cells. UTI could protect cells against PQ-induced
cell damage, probably through mechanisms such as
elimination of oxygen free radicals, reduction of lipid
peroxidation, and subsequent inhibition of oxidative
stress reaction.
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