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HIGHLIGHTS

® Surgical stress induces depressive and anxiety like behavior in aged mice.

® Elevation of brain oxidative stress was observed in mice following surgical stress.
® Dapsone suppressed surgical stress induced brain oxidative stress.

® Dapsone improved surgical stress induced depressive and anxiety like behavior.
o Effect of dapsone on surgical stress was mediated by inhibiting NADPH oxidase.
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in the etiology of stress induced depression and anxiety. Dapsone possesses antioxidant properties, how-
ever, whether dapsone is effective in modulating surgical stress induced brain oxidative damage remains
uncertain. The present study aimed to investigate the effect of dapsone on surgical stress induced depres-
sive and anxiety like behavior, and brain oxidative stress in a well-established surgical stress model.
Depressive and anxiety like behavior accompanied by elevated brain oxidative stress were observed in
aged mice underwent abdominal surgery. Pretreatment with 5 mg/kg dapsone significantly improved the
behavioral disorder and ameliorated brain oxidative stress in this model. Further investigation, revealed
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Dapsone that surgical stress increased brain NADPH oxidase level, while pretreatment with dapsone abrogated the
Oxidative stress elevation of NADPH oxidase triggered by surgical stress. These findings suggest that dapsone is effective
NADPH oxidase in improving surgical stress induced brain oxidative damage via down-regulating NADPH oxidase level

in aged mice.
© 2014 Published by Elsevier Ireland Ltd.
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is not totally understood why aged individuals are more suscep-
tible to surgical stress than young individuals, evidences indicate
that progressive loss of resilience to stress response during aging
may be responsible for higher susceptibility of aged to surgical
stress [5].

Depression and anxiety are common mood disorders among
individuals; while the underlying mechanisms are not fully clar-
ified. Recent studies demonstrated that accumulation of oxidative
stress was involved in the pathogenesis of stress induced depres-
sion and anxiety [6,7]. Mice underwent repeated restraint stress
showed significantly increased brain oxidative stress characterized
by excessive levels of reactive oxygen species (ROS) and accu-
mulation of malondialdehyde (MDA), a lipid peroxidation product
caused by the attack of ROS on lipid components of cell membranes
[6,8]. ROS and MDA levels are recognized oxidative stress markers
in stress related mood disorders [8]. NADPH oxidase (NOX) is the
key enzyme that mediates the generation of oxidative stress [6].
Researches revealed that stress response could up-regulate brain
NOX expression and further increase brain oxidative stress level
[6]. Eliminating oxidative stress by anti-oxidants or NOX inhibitor
was reported to provide beneficial effects against depression and
anxiety [6,7].

Dapsone (DDS), a traditionally used anti-leprosy agent [9], has
been demonstrated to possess antioxidant activity recently. For
example, DDS is able to suppress ROS production in neutrophils
and diploid fibroblasts [10,11]; it can also inhibit lipid perox-
idation in ischemia models [12,13]. The mechanism by which
DDS decreases ROS generation was partially due to its inhibition
on NOX expression based on previous researches [10,14]. How-
ever, whether DDS could mitigate stress induced brain oxidative
damage in aged mice is to be elucidated, and the effect of DDS
on stress induced depressive and anxiety like behavior is also
unclear.

The present study aimed to investigate whether DDS is effec-
tive in improving surgical stress induced depressive and anxiety
like behavior and the underlying mechanisms in a well-established
surgical stress model. We hypothesized that DDS may miti-
gate surgical stress induced depressive and anxiety like behavior
via modulating brain NOX and oxidative stress levels in aged
mice.

2. Materials and methods
2.1. Animals and surgical stress procedure

Aged (20 months old) male C57BL/6 mice were kept in groups
of 3-4 mice per cage at standardized housing conditions with free
access to food and water under a 12/12 hlight/dark cycle. All experi-
mental procedures were approved by Peking University Biomedical
Ethics Committee Experimental Animal Ethics Branch. Mice were
divided into 4 groups (n=7 for each group): sham control group
(sham control), DDS group (DDS), surgical stress group (stress),
surgical stress + DDS group (stress + DDS).

The surgical stress procedure was performed according to pre-
vious report with a minor modification [15]. Mice were deeply
anesthetized by intraperitoneal (i.p.) injection of 5% chloral hydrate
prior to the surgery. The surgical site was sterilized and a
1.5 cm incision was made in the upper left quadrant of abdomen
through the skin and muscle wall. The internal organs were gen-
tly manipulated for 1 min by inserting a sterile probe into the
body cavity. The muscle and skin were then closed and mice
were placed back to their home cages. The duration of abdomi-
nal surgery was 20-25 min. Animals in sham control group were
anesthetized and treated in the same manner except for the
surgery.

2.2. Drug administration

DDS was purchased from Sigma-Aldrich (St. Louis, MO, USA).
DDS was dissolved in dimethyl sulfoxide (Sigma-Aldrich, St. Louis,
MO, USA) and diluted with saline solution before administration.
The final concentration of dimethyl sulfoxide in vehicle was lim-
ited to 0.05% (v/v). The following treatment paradigm was applied:
sham control group: i.p. injection of vehicle; stress group: i.p. injec-
tion of vehicle 1h prior to the surgery; DDS group: i.p. injection
of 5mg/kg body weight DDS; stress+DDS group: i.p. injection of
5 mg/kg body weight DDS 1h prior to the surgery. The dosage of
DDS was applied as reported previously [16].

2.3. Behavioral tests

Forced swim test (FST) and elevated plus maze (EPM) were per-
formed 2 days after the surgery (1 day for recovery and 1 day for
adaption to test environment). All tests were performed in light
phase of activity cycle. For FST test, mice were individually placed
into a polycarbonate cylinder (25 cm in height, 10 cm in diameter)
containing 10 cm of water maintained at 24-26 °C. The movement
in the cylinder was monitored by video for 6 min, and the total
immobility time during the last 4min was recorded. Immobility
was defined as lack of active, escape-directed behaviors except the
necessity to keep floating [17].

The EPM test was performed as described previously to mea-
sure anxiety level [18]. Movement of mouse in EPM was tracked
for 5min via an overhead camera. The ratio of open arm time to
total arm time and the open arm entries to total entries were cal-
culated and analyzed. All behaviors were evaluated by experienced
raters blind to the treatment.

2.4. Detection of oxidative stress

Brain tissues containing hippocampus and cerebral cortex were
dissected immediately after mice finished the behavioral tests.
To measure ROS level, we conducted 2’-7’-dichlorofluorescein-
diacetate (DCFH-DA) assay as previously described [19]. Briefly,
tissues containing hippocampus and cerebral cortex were homog-
enized in phosphate buffer at pH 7.4 (10% wt/vol) and centrifuged
at 11,000g for 15min at 4°C. Supernatants were collected and
DCFH-DA (Sigma-Aldrich, St. Louis, MO, USA) was added to a final
concentration of 100 WM. The mixture was incubated in 37°C in
darkness for 30 min and then the reaction was stopped by cooling
down on ice and fluorescence intensity (Aexc485 nm, Aem525 nm)
was read in a flexstation 3 microplate reader (Molecular devices,
Sunnyvale, CA, USA), the results were normalized to protein con-
centration and expressed as % of the value of sham control [19].
To measure lipid peroxidation products, we quantified the brain
MDA level through a spectrophotometer method according to the
description of the assay kit (Nanjing Jiancheng Bioengineering
Institute, China). MDA contents were corrected for protein concen-
tration [20].

2.5. Western blot analysis

Western blots were performed as described previously [21].
Brain tissues (containing hippocampus and cerebral cortex) were
lysed in RIPA buffer and protein concentration was quantified
by BCA kit (Pierce). 60 g proteins were separated by SDS-PAGE
electrophoresis and were transferred to 0.45 wm polyvinylidene
difluoride (PVDF) membranes (Millipore, Bedford, MA). Primary
antibodies against NOX2 (1:3000, Santa Cruz), NOX4 (1:4000,
Abcam), and [3-actin (1:5000, Sigma) were reacted with the mem-
branes in 4°C overnight. The membranes were incubated with
peroxidase-conjugated secondary antibodies, respectively, and
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