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Abstract

Noisy environment often occurs in hospitals. We set out to determine whether noisy environment
induces neuroinflammation and impairment of learning and memory and whether the effects of
noise contribute to the development of neurcinflammation and impairment of learning and
memory during the perioperative period. Seven-week old CD-1 male mice were exposed to noisy
environment in the presence or absence of surgery (right carotid artery exposure). Noisy
environment was 75 db, 6 h/day, for 3 days or 5 days. Minocycline (40 mg/kg), an antibiotic with
anti-inflammatory property, was administered intraperitoneally 1 h before surgery or each episode
of noise. The learning and memory of mice were assessed by Barnes maze and fear conditioning
tests. Brain was harvested for the determination of interleukin (IL)-1p and IL-6 and for
immunohistochemical staining. We found that noise induced learning and memory impairment.
Noise also increased IL-1pB, IL-6 and ionized calcium binding adapter molecule 1 (Iba-1) in the
hippocampus. The combination of noisy environment and surgery induced dysfunction of
additional domains of learning and memory and a higher expression of Iba-1 in the hippocampus.
The effects of noisy environment or the combination of noisy environment and surgery were
attenuated by minocycline. These findings suggest that noisy environment induces
neuroinflammation and impairment of learning and memory. These effects may contribute to the
development of neuroinflammation and dysfunction of learning and memory during the
perioperative period. Neuroinflammation may be an underlying pathophysiological process for
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cognitive dysfunction induced by noise or the combination of noise and surgery. Minocycline may
be effective in attenuating these noise-induced effects.
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Hippocampus; mice; minocycline; neuroinflammation; noisy environment; postoperative cognitive
dysfunction

1. Introduction

Postoperative cognitive dysfunction (POCD) is a common clinical syndrome that includes
disturbance of learning, memory, and information processing after anesthesia and surgery
(Bedford, 1955, Monk et al., 2008, Terrando et al., 2011a). POCD is associated with an
increase of postoperative morbidity, mortality, length hospital stay and cost of care (Moller
etal., 1998, Monk et al., 2008, Steinmetz et al., 2009). The pathogenesis of POCD is not
fully understood and may involve many perioperative factors (Newman et al., 2007, Monk et
al., 2008, Tang et al., 2011). Thus, it is imperative to identify risk factors and determine
effective strategies to reduce the occurrence of POCD.

Many studies have shown that comfortable environment improves sleep quality and reduces
pain and anxiety during the postoperative period (Salimpoor et al., 2011, Croom, 2012,
Dobek et al., 2014). Comfortable music and good sleep help learning and memory function
in hospitalized patients (Xu et al., 2010, Zhao et al., 2010, Aleisa et al., 2011). However,
noisy environment often occur in critical care unit or general ward, especially in countries
and regions with limited medical resource (Basner et al., 2014). It is clear that noisy
environment causes dysfunction of learning and memory in healthy humans (Basner et al.,
2014, Wright et al., 2016). Noisy environment also induces learning and memory
impairment in senescence-accelerated prone mice (Cui et al., 2018). However, the role of
noisy environment in the development of POCD is not known.

Neuroinflammation may be an underlying pathophysiological process for POCD (Cibelli et
al., 2010, Cao et al., 2012). These neuroinflammatory responses include increased
proinflammatory cytokines, such as interleukin (IL)-1p and IL-6, and ionized calcium
binding adapter molecule 1 (Iba-1), a microglial marker (Cao et al., 2012, Zhang et al.,
2014b). Sleep disturbance can induce neuroinflammation and dysfunction of learning and
memory (Zhu et al., 2012). Since noisy environment can cause sleep disturbance (Basner et
al., 2014, Wright et al., 2016), it is possible that noisy environment can cause
neuroinflammation. However, it is not known yet whether noisy environment induces
widespread neuroinflammation.

Based on the above information, we hypothesize that noisy environment induces
neuroinflammation and dysfunction of learning and memory, which aggravates these
pathological changes induced by surgery. This study was aimed to address this hypothesis.
We subjected mice to noisy environment and surgery. Their learning and memory were
determined by Barnes maze and fear conditioning tests. Minocycline, an anti-inflammatory
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agent (Tan et al., 2015), was used to determine the role of neuroinflammation in the learning
and memory dysfunction after being exposed to noisy environment.

Materials and Methods

The animal protocol was approved by the institutional Animal Care and Use Committee of
the University of Virginia (Charlottesville, VA, USA). All animal experiments were carried
out in accordance with the National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH publications number 80-23) revised in 2011.

2.1. Animal Groups

Seven week-old male CD-1 mice weighing 28 — 32 g from Charles River Laboratories
International Inc. (Wilmington, MA, USA) were randomly assigned in the experiment 1 to:
1) control group (not being exposed to surgery or noise), 2) surgery group (right carotid
artery exposure), 3) noise group (exposed to noisy environment for 5 days, 6 h/day), 4)
surgery + 3 day noise group (noisy environment for 3 days after surgery), and 5) surgery + 5
day noise group (noisy environment for 2 days before surgery and 3 days after surgery) or in
the experiment 2 to: 1) control group, 2) noise group, 3) noise + minocycline group, 4)
surgery + 5 day noise group, and 5) surgery + 5 day noise + minocycline group. Each group
had 15 mice for learning and memory tests and 6 mice for ELISA and
immunohistochemistry assay.

2.2. Anesthesia and Surgery

The surgery was a right carotid artery exposure. As we described before (Fan et al., 2016),
mice were anesthetized by 2% isoflurane. During the procedure, mice were spontaneously
breathing and their rectal temperature was monitored and maintained at 37°C with the aid of
a heating blanket (TCAT-2LV, Physitemp instruments Inc., Clifton, NJ). A 1.5-cm midline
neck incision was made after the mouse was exposed to isoflurane for at least 10 min. Soft
tissues over the trachea were retracted gently. One centimeter long right common carotid
artery was carefully dissected free from adjacent tissues without any damage on vagus
nerve. The wound was then irrigated and closed by using surgical suture. The surgical
procedure was performed under sterile conditions and lasted around 10 min. After the
surgery, all animals received a subcutaneous injection of 3 mg/kg bupivacaine. The total
duration of anesthesia was 1 h. No response to toe pinching was observed during the
anesthesia.

2.3. Noisy Environment

Noisy environment was for 6 h (12:00 to 18:00) each day in the following way. Aversive

noise was controlled at 75 db and the audio was different from those during Barnes maze
and Fear conditioning tests. The animals were housed under standard environment (quiet,
12-h light/dark cycle with ad libitum access to food and water) during the rest of the time
each day.
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2.4. Minocycline Application

Minocycline (catalog number: M 9511, Sigma-Aldrich, St. Louis, MO) at 40 mg/kg in
normal saline (NS) was administered intraperitoneally 1 h before surgery or each episode of
noisy environment. The dosage was chosen based on a previous study (Xue et al., 2007).
The same volume of NS was given intraperitoneally to the other groups that did not receive
minocycline in the study.

2.5. Barnes Maze

One week after surgery (for surgery group and surgery + noise groups) or the last episode of
noise (for noise group), mice were subjected to Barnes maze to test their spatial learning and
memory as previously described (Cao et al., 2012). The Barnes maze is a circular platform
with 20 equally spaced holes (SD Instruments, San Diego, CA, USA). One of the holes was
connected to a dark chamber that was called target box. The test was started by placing
animals in the middle of the Barnes maze. Aversive noise (85 db) and bright light from a
200-W bulb shed on platform were used to induce mice to find and enter the target box.
Animals were trained in a spatial acquisition phase that took 4 days with 3 min per trial, four
trials per day, and 15-min interval between each trial. The memory test was carried out on
day 5 (short-term retention) and day 12 (long-term retention). No test was performed during
the period from day 5 to day 12. The latency to enter the target box during each trial was
recorded by an ANY-Maze video tracking system (SD Instruments).

2.6. Fear Conditioning

2.7.

Fear conditioning test was performed 24 h after the Barnes maze test as previously described
(Tan et al., 2015). Mice were placed in a test chamber wiped with 70% alcohol and
subjected to three tone-foot shock pairings (tone 2000 Hz, 85 db, 30 s; foot shock 0.7 mA, 2
s) with 1-min intertrial interval in a relatively dark room. Mice were removed from the test
chamber 30 s after training and returned to their regular cages. Mice were placed back 24 h
later to the same chamber for 8 min without tone and shock. The freezing behavior was
recorded in an 8-s interval. Two hours later, mice were placed in a new test chamber that had
different context and smell from the first test chamber. This chamber was wiped with 1%
acetic acid and was in a relatively light room. Freezing behavior was recorded for 3 min
without any stimuli. The tone stimulus was then turned on for three cycles with each cycle
for 30 s followed by 1-min inter-cycle interval (total 4.5 min). The freezing behavior in this
4.5 min was also recorded. These testes were recorded by a camera, and the freezing
behavior was scored by an observer who was blinded to the group assignment of animals.

Brain Tissue Harvesting

Mice were deeply anesthetized with isoflurane. They were perfused with normal saline. The
bilateral cerebral cortex and hippocampus were dissected out at 6 h after surgery or the last
episode of noise for ELISA assay of interleukin (IL)-1p or IL-6. A coronal brain slice
between Bregma —2 and —4 mm was harvested for immunofluorescent staining. These slices
containing hippocampus and cortex were fixed with 4% paraformaldehyde. All dissection
procedures were performed on ice.
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2.8. Quantification of IL-1B and IL-6

2.9.

Brain tissues were homogenized on ice in 20 mM Tris-HCI buffer (pH = 7.3) containing
protease inhibitors (10 mg/ml aproteinin, 5 mg/ml peptastin, 5 mg/ml leupeptin, and 1 mM
phenylmethanesulfonylfluoride). Homogenates were centrifuged at 13,000 rpm for 20 min at
4°C. The supernatant was saved and Bradford protein assay of the supernatant was
performed for each sample. ELISA kits for measuring mouse IL-1p and IL-6 (catalogue
number: MLBOOC and M6000B, respectively; R&D Systems, Minneapolis, MN) were used
to quantify the concentrations of these cytokines in the samples according to the
manufacturer’ instructions. The quantity of IL-1p and IL-6 in each brain sample was
standardized to the protein contents.

Immunohistochemistry

As we described previously (Fan et al., 2016), brains were harvested and fixed by 4%
paraformaldehyde in 0.1 M phosphate buffered saline at 4°C for 18 h, rehydrated, and
embedded in paraffin. Coronal 5-um sections of the cerebral hemisphere were cut
sequentially and mounted on superfrost plus microscope slides. Antigen retrieval was
performed with Tris/EDTA buffer (10 mM Tris Base, 1 mM EDTA, 0.05% Tween 20, pH
9.0) at 95 — 100°C for 20 min. After being washed in Tris-buffered saline (TBS) containing
0.025% triton-X 100, sections were blocked in 10% donkey serum plus 1% bovine serum
albumin in TBS for 2 h at room temperature and then incubated at 4°C overnight with goat
polyclonal anti-ionized calcium binding adapter molecule 1 (Iba-1) antibody (1:1000
dilution, catalogue number: ab107159; Abcam, Cambridge, MA). Sections were rinsed in
TBS with 0.025% triton-X 100. The donkey anti-goat IgG antibody conjugated with Alexa
Fluor 488 (1:200 dilution, catalogue number: A11055; Invitrogen) was incubated with the
sections for 1 h at room temperature in the dark. After being washed in TBS, sections were
mounted and cover-slipped with Vectashield mounting medium (H-1000; Vector Labs,
Burlingame, CA). As we described previously (Tan et al., 2015), the density of Iba-1
staining was quantified in three non-overlapping fields randomly acquired in the
hippocampal CA1 and CA3 sub-regions or cerebral cortex at x100 magnification on an
Olympus DP70 microscope (Olympus Corporation, Tokyo, Japan). Three sections per
mouse were imaged. The number of pixels per image with intensity above a predetermined
threshold level was quantified using ImageJ 1.47n software (National Institutes of Health,
Bethesda, MD). The immunoreactivity was reflected by the percentage pixels with intensity
above a threshold level in the total pixels of the imaged field. All quantitative analyses were
performed in a blind manner. The nine measurements from one mouse were averaged to
represent the value of the mouse.

2.10. Statistical Analysis

Parametric results in normal distribution are presented as mean + S.E.M. (n = 6). The data
from the training sessions of Barnes maze test between groups were tested by two-way
repeated measures analysis of variance followed by Tukey test. The data from the training
sessions of Barnes maze test within one group were tested by one-way repeated measures
analysis of variance followed by Tukey test. All other data were analyzed by one-way
analysis of variance followed by the Tukey test if the data were normally distributed or by
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one-way analysis of variance on ranks followed by the Tukey test if the data were not
normally distributed. Differences were considered significant at £< 0.05 based on two-tailed
hypothesis testing. All statistical analyses were performed with SigmaStat (Systat Software,
Point Richmond, CA).

3. Results

3.1. The combination of noisy environment and surgery induced learning and memory

impairment

All mice survived until the end of the study and all of their data were included in the
analysis. During the Barnes maze training, the time to identify the target box for mice in all
groups was decreased with increased training sessions. The time to identify the target box in
the training sessions on day 4 was shorter than that on day 1 in all five groups (Fig 1A).
Noise and the combination of surgery and noise were significant factors to affect the time
needed to identify the target box in the training sessions [F(1,28) = 4.533, P = 0.042 for
noise alone; F(1,28) = 4.756, P = 0.038 for surgery plus 5 day noise]. In addition, the time
needed for mice with surgery plus 5 day noise to identify the target box was longer than
control mice on training day 3 and day 4 (Fig. 1A). Mice in the surgery + 3 day noise group
and surgery + 5 day noise group took longer than mice in control group to identify the target
box one day after the training sessions [F(4,70) = 3.045, P = 0.023 for the overall
comparisons on the 5 groups with using one-way ANOVA; P = 0.033 and 0.037,
respectively, for the comparisons between control and surgery + 3 day noise or control and
surgery + 5 day noise] (Fig. 1B). No difference was noted between surgery + 3 day noise
group and surgery + 5 day noise group (Fig. 1B). Similarly, freezing behavior of the surgery
group, noise group, surgery + 3 day noise group and surgery + 5 day noise group was less
than that of the control group in the context-related fear conditioning test [F(4,70) = 3.737, P
= 0.008 for the overall comparisons on the 5 groups with using one-way ANOVA; P = 0.042,
0.049, 0.008 and 0.011, respectively, for the comparisons between control and 5 day noise,
control and surgery, control and surgery + 3 day noise or control and surgery + 5 day noise].
However, the tone-related freezing behavior was not affected by any experimental conditions
(Fig. 1C). These results suggest that surgery or noise can induce hippocampus-dependent
(context-related) but not hippocampus-independent (tone-related) learning and memory
impairment in mice. The combination of noise and surgery induces impairment in additional
domains of learning and memory (spatial learning and memory impairment in Barnes maze).
Because no difference in learning and memory impairment was noted between surgery + 3
day noise group and surgery + 5 day noise group, we choose surgery + 5 day noise as the
combination condition in the following experiments.

3.2. The combination of noisy environment and surgery induced neuroinflammation

The concentrations of IL-1p in the hippocampus of noise group and surgery + noise group
were higher than those of control group. The combination of noise and surgery induced a
higher increase in the concentration of IL-1f than surgery alone [F(3,20) = 5.025, P = 0.009
for the overall comparisons on the 4 groups with using one-way ANOVA; P = 0.049 and
0.041, respectively, for the comparisons between control and 5 day noise or surgery and
surgery + 5 day noise]. The concentrations of IL-6 in the hippocampus of noise group,
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surgery group and surgery + noise group were higher than those of control group. However,
the concentrations of IL-1p and IL-6 in the cerebral cortex were not different among the
groups (Fig. 2).

Compared with control group, the immune intensity of Iba-1, a microglial marker (Tan et al.,
2015), in the CA1 and CA3 of hippocampus was increased by surgery or noise. This
increase was even higher in the presence of the combination of noisy environment and
surgery [For example, in CA1, F(3,20) = 11.350, P < 0.001 for the overall comparisons on
the 4 groups with using one-way ANOVA; P = 0.003 and 0.003, respectively, for the
comparisons between noise and surgery + 5 day noise or surgery and surgery + 5 day noise]
(Fig. 3). However, the immune intensity of Iba-1 in the cerebral cortex was not affected by
any experimental conditions (Fig. 3).

These results suggest that surgery or noise induces neuroinflammation and microglial
activation in the hippocampus and that this effect was enhanced by the presence of noisy
environment during perioperative period.

3.3. Minocycline attenuated learning and memory impairment induced by surgery and
noisy environment

The time for mice to identify the target box in all groups was decreased with increased
training sessions of Barnes maze (Fig. 4A). The time needed for mice to identify the target
box on day 1 and day 8 after the training sessions in noise group and surgery + noise group
was increased compared with that in control group. Minocycline attenuated this increase
induced by noisy environment or the combination of noisy environment plus surgery [For
example, on day 8 after the training sessions, F(4,70) = 9.486, P < 0.001 for the overall
comparisons on the 5 groups with using one-way ANOVA,; P = 0.036 and < 0.001,
respectively, for the comparisons between 5 day noise and 5 day noise + minocycline or
surgery + 5 day noise and surgery + 5 day noise + minocycline] (Fig. 4B). Similar to the
pattern of Barnes maze results, freezing behavior in the context-related fear conditioning test
was decreased by noisy environment or the combination of noisy environment and surgery
and this decrease was attenuated by minocycline. The tone-related freezing behavior was not
affected by any experimental conditions (Fig. 4C). These results suggest that minocycline
attenuates the learning and memory impairment induced by surgery and noisy environment.

3.4. Minocycline attenuated neuroinflammation induced by surgery and noisy
environment

The concentrations of IL-1f and IL-6 in the hippocampus were increased by noisy
environment or the combination of noisy environment and surgery. These increases were
attenuated by minocycline [For example, for IL-1B, F(4,25) = 11.705, P < 0.001 for the
overall comparisons on the 5 groups with using one-way ANOVA; P = 0.024 and 0.002,
respectively, for the comparisons between 5 day noise and 5 day noise + minocycline or
surgery + 5 day noise and surgery + 5 day noise + minocycline] (Fig. 5A). Similarly, the
immune intensity of Iba-1 in the CA1 and CA3 of the hippocampus was increased by noisy
environment or the combination of noisy environment and surgery and this increase was
attenuated by minocycline. However, the immune intensity of Iba-1 in the cerebral cortex
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was not changed by any experimental conditions (Figs. 5B to 5E). These results suggest that
minocycline inhibits neuroinflammation and microglial activation induced by noisy
environment or the combination of noisy environment and surgery.

4. Discussion

Comfortable music can improve patient’s prognosis after surgery (Salimpoor et al., 2011,
Croom, 2012, Dobek et al., 2014). Good sleep helps learning and memory function in
hospitalized patients (Xu et al., 2010, Zhao et al., 2010, Aleisa et al., 2011). However,
uncomfortable noisy environment often occurs in hospital because of noise from medical
devices, human voices and others. Noisy environment is known to cause many non-auditory
effects including sleep disturbance and impairment of learning and memory in humans
(Basner et al., 2014, Wright et al., 2016). However, previous studies often measure learning
and memory functions in the noisy environment (Wright et al., 2016, Clark and Paunovic,
2018) and rarely determine these functions after noise have been gone. Also, it is unclear
whether noisy environment contributes to POCD. Our results provide evidence that surgery
or noise alone can induce learning and memory impairment and that the combination of
noisy environment and surgery may induce impairment of more domains of learning and
memory. These results suggest that perioperative noisy environment is an important
component contributing to the development of POCD. We placed the animals in noisy
environment for 3 days after surgery to simulate clinical situation because patients often are
connected to many medical devices with alarms and have frequent nursing activity during
the first few days after surgery. We added another group of mice that received 2-day noise
before the surgery and 3 day noise after surgery. This condition was used to simulate clinical
situations of sick patients who may be in an intensive care unit before surgery. Our results
showed that mice with surgery plus 3 post-surgery day noise and mice with surgery plus
noise before and after surgery had a similar degree of learning and memory dysfunction,
suggesting that a threshold may have reached by 3 post-surgery day noise to affect learning
and memory functions.

We and others have shown an important role of neuroinflammation in the learning and
memory impairment induced by anesthesia and surgery (Wan et al., 2007, Cibelli et al.,
2010, Cao et al., 2012, Zhang et al., 2014a). Similarly, studies have shown that microglial
activation leading to the production of the pro-inflammatory cytokines is crucial for the
learning and memory impairment after surgery (van Gool et al., 2010, Xu et al., 2017, Cao et
al., 2018). A surgery on peripheral tissues or organs induces systemic inflammation, which
then is transmitted by permeation of proinflammatory factors or cells from blood into the
brain to induce activation of brain cells including microglia (Terrando et al., 2011b, Zhang et
al., 2014b, Zheng et al., 2017). Our previous study has shown that inflammatory cytokines
can block protein trafficking that is necessary for learning and memory (Tan et al., 2014),
which may be a mechanism for neuroinflammation to cause learning and memory
dysfunction. Our results showed that noisy environment increased the expression of IL-1p,
IL-6 and Iba-1 in the hippocampus. In addition, minocycline, a tetracycline derivative with
anti-inflammatory property (Tan et al., 2015), attenuated neuroinflammation and dysfunction
of learning and memory after exposure to noise or the combination of noise and surgery.
These results suggest that neuroinflammation is an important underlying neuropathological
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process for the learning and memory dysfunction induced by noise or the combination of
noise and surgery. These findings, along with previous results that minocycline attenuates
neuroinflammation- and surgery-induced dysfunction of learning and memory (Tan et al.,
2015, Wang et al., 2016), indicate a potential therapeutic role of minocycline in POCD.
Interestingly, a recent study has shown that chronic noise exposure (88 or 98 dB noise, 4
h/day for 30 days) can induce gut dysbiosis (Cui et al., 2018), which may then induce
neuroinflammation and impairment of learning and memory because our previous study has
shown that gut dysbiosis can induce neuroinflammation and cognitive impairment (Liang et
al., 2018).

Our mice showed impairment of context-related fear conditioning impairment after being
exposed to noise or the combination of noise and surgery, suggesting hippocampus-
dependent learning and memory dysfunction (Kitamura et al., 2009, Satomoto et al., 2009,
Wiltgen et al., 2010). Also, the expression of IL-1p, IL-6 and Iba-1 was increased in the
hippocampus but not in the cerebral cortex after being exposed to noise or the combination
of noise and surgery. The mechanisms for the apparent brain region-specific change are not
known. However, brain region-specific responses have been reported in the literature. For
example, a previous study showed that neurotoxicity caused by paraquat treatment can
induce the expression of pro-inflammatory cytokines in the hippocampus, but not in the
cortex (Mitra et al., 2011). It is possible that hippocampus may be more susceptible to
neuroinflammation and microglial activation. Another possibility is that the changes in the
hippocampus and cerebral cortex have different time-courses and that the time points we
used in the study caught the changes in the hippocampus but not those in the cerebral cortex.

Our findings may have clinical implication. Reducing noise may be an effective way to
attenuate learning and memory dysfunction after surgery. Surgical patients often are
monitored by various medical devices with alarm system. Frequent nursing activity also
generates sound. Human voices from visitors, patients and staff all contribute to the noisy
level in the hospital. Thus, patients during the perioperative period are especially prone to
noisy environment. Careful monitoring the noisy level and designing methods to reduce
noisy level shall be done to improve the outcome of our patients.

Our study has limitations. First, we have not done a careful dose-response study to
determine safety level of noise for brain health. Rather, we tested a level of noisy that is
relatively easy to achieve for its effects on the brain. Second, we showed that noise induced
neuroinflammation to lead to learning and memory dysfunction. However, we have not
determined how noise can cause neuroinflammation. Future studies are needed to understand
these mechanisms.

Conclusion:

Our study showed that noisy environment can induce neuroinflammation and dysfunction of
learning and memory in mice. These effects may contribute to postoperative cognitive
dysfunction. Neuroinflammation may be an important neuropathological process for the
learning and memory dysfunction induced by noise or the combination of noise and surgery.
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Iba-1 ionized calcium binding adapter molecule 1
IL interleukin

NS normal saline

POCD postoperative cognitive dysfunction

TBS Tris-buffered saline
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Fig. 1. Effects of noisy environment and surgery on learning and memory.
Seven-week old mice were subjected to right carotid artery exposure and 75 db noisy

environments. They were started to be tested by Barnes maze and fear conditioning at one
week after being exposed to various experimental conditions. A: Performance during the
training sessions of Barnes maze test. B: Performance during the memory phase of Barnes
maze test. C: Performance in fear conditioning test. Results are means + S.E.M. (n = 15). *
P < 0.05 compared with the corresponding data on day 1, $ P < 0.05 compared with control
on corresponding day, ~ P < 0.05 compared with control, # £< 0.05 compared with surgery

group.

Brain Res Bull. Author manuscript; available in PMC 2021 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Linetal.

>
o

Page 14

—— Control

w O * Al =—= Noise
S m== Surgery
= ~4 * wzzz Surgery + noise
-E £ j_

[O)
S35 3 1 )
Sa S
oD
@ £ 2
o
— N 1 i

0 .
Hippocampus Cortex

B
£ 2.0 |
o
o
S * %
(@)
E 1.5 1 % ;
2 l l %
2 1.0 -
5 1
©
c
® 0.5 -
[
o
(&)
©
- 0.0

Hippocampus Cortex

Fig. 2. Effects of noisy environment and surgery on proinflammatory cytokine concentrations in

the brain.

Seven-week old mice were subjected to right carotid exploration and 75 db noisy

environments. Hippocampus and cortex were harvested at 6 h after surgery or the last
episode of noise. A: IL-1p. B: IL-6. Results are means + S.E.M. (n = 6). * P < 0.05

compared with control, » P < 0.05 compared with surgery group.
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Fig. 3. Effects of noisy environment and surgery on Iba-1 expression in the brain.
Seven-week old mice were subjected to right carotid exploration and 75 db noisy

environments. Hippocampus and cortex were harvested at 6 h after surgery or the last
episode of noise. A: Representative immunostaining images of Iba-1 in CAl. B:
Representative immunostaining images of Iba-1 in CA3. C: Representative immunostaining
images of Iba-1 in cerebral cortex. D: Graphic presentation of the percentage area that is
Iba-1-postive staining in CA1, CA3, and cerebral cortex. Scale bar = 30 um. Results are
means £ S.E.M. (n = 6). * £< 0.05 compared with control, » P < 0.05 compared with noise
group, # P< 0.05 compared with surgery group.
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Fig. 4. Minocycline attenuated learning and memory impairment induced by noise or the
combination of surgery and noisy environment.

Seven-week old mice were subjected to right carotid artery exposure and 75 db noisy
environments in the presence or absence of minocycline. They were started to be tested by
Barnes maze and fear conditioning at one week after being exposed to various experimental
conditions. A: Performance during the training sessions of Barnes maze test. B: Performance
during the memory phase of Barnes maze test. C: Performance in fear conditioning test.
Results are means = S.E.M. (n = 15). * P< 0.05 compared with the corresponding data on
day 1 in all five groups, ~ P < 0.05 compared with control, # £< 0.05 compared with noise
group, & P< 0.05 compared with surgery plus noise group.
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Fig. 5. Minocycline attenuated neuroinflammation induced by noise or the combination of
surgery and noisy environment.

Seven-week old mice were subjected to right carotid exploration and 75 db noisy
environments with or without the treatment of minocycline. Hippocampus was harvested at
6 h after surgery or the last episode of noise. A: The abundance of IL-1p and IL-6 in the
hippocampus. B: Representative immunostaining images of Iba-1 in CAl. C: Representative
immunostaining images of Iba-1 in CA3. D: Representative immunostaining images of Iba-1
in cerebral cortex. E: Graphic presentation of the percentage area that is Iba-1-postive
staining in CA1, CA3 and cerebral cortex. Scale bar = 30 pm. Results are means + S.E.M. (n
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=6). * P<0.05 compared with control group; * £< 0.05 compared with noise group; # P<
0.05 compared with surgery plus noise group.
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