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25 SUMMARY:
26  We present in vivo electrophysiological recording of the local field potential (LFP) in bilateral
27 secondary motor cortex (M2) of mice, which can be applied to evaluate hemisphere
28 lateralization. The study revealed altered levels of synchronization between the left and right
29 M2 in APP/PS1 mice compared to WT controls.
30
31  ABSTRACT:
32  This article demonstrates complete, detailed procedures for both in vivo bilateral recording and
33  analysis of local field potential (LFP) in the cortical areas of mice, which are useful for evaluating
34  possible laterality deficits, as well as for assessing brain connectivity and coupling of neural
35 network activities in rodents. The pathological mechanisms underlying Alzheimer’s disease (AD),
36 a common neurodegenerative disease, remain largely unknown. Altered brain laterality has
37 been demonstrated in aging people, but whether or not abnormal lateralization is one of the
38 early signs of AD has not been determined. To investigate this, we recorded bilateral LFPs in 3—
39 5-month-old AD model mice, APP/PS1, together with littermate wild type (WT) controls. The
40  LFPs of the left and right secondary motor cortex (M2), specifically in the gamma band, were
41  more synchronized in APP/PS1 mice than in WT controls, suggesting a declined hemispheric
42  asymmetry of bilateral M2 in this AD mouse model. Notably, the recording and data analysis
43  processes are flexible and easy to carry out, and can also be applied to other brain pathways
44  when conducting experiments that focus on neuronal circuits.
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INTRODUCTION:

Alzheimer’s disease (AD) is the most common form of dementia’?. Extracellular beta amyloid
protein (B-amyloid protein, AB) deposition and intracellular neurofibrillary tangles (NFTs) are
the main pathological features of AD3>, but the mechanisms underlying AD pathogenesis
remain largely unclear. Cerebral cortex, a key structure in cognition and memory, is impaired in
AD®, and motor deficits such as slow walking, difficulty navigating the environment and gait
disturbances occur with advancing age’. AB deposition and neurofibrillary tangles have also
been observed in the premotor cortex (PMC) and supplementary motor area (SMA) in AD
patients® and cognitively impacted older adults®, indicating the involvement of an impaired
motor system in AD pathogenesis.

The brain is formed by two distinct cerebral hemispheres that are divided by a longitudinal
fissure. A healthy brain exhibits both structural and functional asymmetries!?, which is called
“lateralization”, allowing the brain to efficiently deal with multiple tasks and activities. Aging
results in a deterioration in cognition and locomotion, together with a reduction in brain
laterality!>'2, The motor abilities of the left hemisphere are readily apparent in the healthy
brain®3, but in the AD brain aberrant laterality occurs as a consequence of the failure of left
hemisphere dominance associated with left cortical atrophy'#!®. Therefore, an understanding
of a possible alteration of brain lateralization in AD pathogenesis and the underlying
mechanisms may provide new insights into AD pathogenesis and lead to identification of
potential biomarkers for treatment.

Electrophysiological measurement is a sensitive and effective method of evaluating changes in
the neuronal activities of animals. The reduction of hemispheric asymmetry in elders
(HAROLD)Y” has been documented by electrophysiological research with synchronized
interhemispheric transfer time, which shows weakening or absence of hemispheric asymmetry
to monaurally presented speech stimuli in the elderly*®. Utilizing APP/PS1, one of the most
commonly used AD mouse models'®??, in combination with in vivo bilateral extracellular
recording of LFPs in both left and right M2, we evaluated possible laterality deficits in AD. In
addition, with simple parameter settings, the built-in function of data analysis software (see the
Table of Materials) provides a faster and more straightforward way to analyze the
synchronization of electrical signals than mathematically complex programming language,
which is friendly to beginners with in vivo electrophysiology.

PROTOCOL:

All animals were paired-housed under standard conditions (12 h light/dark, constant
temperature environment, free access to food and water) according to the Chinese Ministry of
Science and Technology Laboratory Animals Guidelines and experiments were approved by the
local ethical committee of Guangzhou University.

NOTE: For data shown in the representative results, APP/PS1 (B6C3-Tg (APPswe, PSEN1dE9)
85Dbo/J) double-transgenic mice and littermate wild-type (WT) controls at 3—5 months of age,
were used for recordings (n = 10, per group).
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1. Animal anesthesia and surgery

1.1. Weigh and anesthetize the mouse by intraperitoneal (i.p.) injection of urethane (2 g/kg).
1.2. Perform a tail or toe pinch with forceps to confirm deep anesthesia prior to surgery.

NOTE: A supplemental dose of 0.1-0.2 g/kg urethane can be used if necessary.

1.3. Position the mouse in a stereotaxic apparatus and fix its head.

1.4. Apply eye ointment on both eyes before animal surgery.

1.5. Shave the hair using surgical clippers or scissors. Make a small incision (12-15 mm) in the
middle of the exposed surgical area using a scalpel. Using forceps, gently pull the scalp away

from the midline.

1.6. Separate the skin gently and remove residual tissue using scissors and spatula. Clean the
skull using hydrogen peroxide-coated cotton buds.

1.7. Drill two small holes of radii 1.0-1.5 mm on both left and right sides of the skull to allow
insertion of the recording microelectrodes into the M2 regions under a stereomicroscope

(Figure 1A).

NOTE: Stereotaxic locations of bilateral M2: 1.94 mm anterior to the bregma, 1.0 mm lateral to
the midline, and 0.8—1.1 mm ventral to the dura.

1.8. Pull glass borosilicate micropipettes (outer diameter: 1.0 mm) as recording microelectrodes
with resistance of 1-2 MQ.

1.9. Remove the dura mater carefully with a tungsten needle.

1.10. Insert two separate recording microelectrodes filled with 0.5 M NaCl at 60° angles into the
holes using mechanical micromanipulators (Figure 1B).

2. LFP recordings in bilateral M2 of mice

2.1. Adjust the depth of glass electrodes in the left and right M2 by slowly lowering the
mechanical micromanipulators until an appropriate coordinate (Figure 1C).

2.2. For quality control, test the resistance of each electrode using the differential amplifier
before capturing LFPs.

2.3. Set the recording process at 0.1 Hz high-pass and 1,000 Hz low-pass with 1,000x
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amplification, using the differential amplifier.
2.4. Collect digitized (sampling rate: 2,500 Hz) raw LFP data of at least 60 s spontaneous
activities in stable state, with mice breathing evenly at 2 breaths/s respiratory rate under

anesthesia.

2.5. After recording, slowly raise the electrodes out of the brain, then euthanize the mice by
fast cervical dislocation.

2.6. Save the data and analyze offline with the analysis software.

3. Cross-correlation analysis

3.1. Click Analysis - Waveform correlation in the analysis software and import the data.
3.2. Parameter settings

3.2.1. Determine which waveform channel signal is the first channel and which is the reference.
Set width as 2 and offset as 1 (Figure 2A).

3.2.2. Set the duration of both LFPs for 100 s by selecting the start time and end time. Press the
Process button to perform cross-correlation analysis (Figure 2B).

NOTE: Simultaneous bilateral signals with such durations would be long enough to show
neuronal spontaneous activities, thereby revealing the basic properties of synchronization.

3.4. Click File - Export As, then save the cross-correlation results corresponding to the resulting
pop-up chart in .txt format.

3.5. Open the .txt file (Figure 2C), remove the correlation values at time lags ranged 0 + 0.01 s
(since two continuous gamma waves have at least 0.01 s interval), then average the rest of the
cross-correlation data in the negative time lag part or average the rest of the cross-correlation
data in the positive time lag part.

4. Coherence analysis

4.1. Load the COHER script in analysis software. Import data and run this script.

4.2. Select the two LFP signals as the first and second waveform channels separately. Then set
the block size value (Figure 3A).

NOTE: Block size means the number of data points used in the FFT. The larger the block size,
the better the frequency resolution. Here we recommend setting it as 4096.
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4.3. Move the dotted lines manually to ensure the time accuracy for signals in both channels
being selected as 100 s durations (Figure 3B). Press the Add Area button to load the area and
perform coherence analysis.

4.4. Click File - Save As to save the coherence results corresponding to the resulting pop-up
chart in .txt format (Figure 3B).

REPRESENTATIVE RESULTS:

To see whether early AD pathology impairs the capacity of hemisphere lateralization, we
conducted bilateral extracellular LFP recordings in the left and right M2 of APP/PS1 mice and
WT controls (aged 3—5 months), and analyzed the cross-correlation of these left and right LFPs.
In WT mice, the results demonstrated that the mean correlation between left and right LFPs at
positive time lags differed significantly from that at negative time lags, implicating the existence
of hemispheric asymmetries in M2 areas of WT controls (Figure 4C; WT-positive, 0.08161 *
0.01246; WT-negative, 0.0206 + 0.01218; p = 4.74531E-4 < 0.001 by a two sample t-test). In
comparison, the left and right LFPs of APP/PS1 mice showed higher synchronized in time
domain, suggesting a reduction of asymmetry between the left and right M2 (Figure 4C;
APP/PS1-positive, 0.13336 + 0.0105 APP/PS1-negative, 0.12635 * 0.01066; p = 0.64157 > 0.05
by a two sample t-test).

We then filtered gamma oscillations from the LFPs (Figure 5A) and performed a coherence
analysis as described in the protocol to measure the similarity of electrical signals in the gamma
frequency range. The result showed that the gamma coherence between left and right M2 in
APP/PS1 was significantly higher than that in WT mice (Figure 5B,C; WT, 0.13267 + 0.00598;
APP/PS1, 0.17078 + 0.0072; p = 0.00550 < 0.01 by two sample t-test), indicating a higher
synchronization, and consequently reduced lateralization, between left and right M2 in
APP/PS1 mice.

FIGURE AND TABLE LEGENDS:

Figure 1: Diagram of the simultaneous LFP recording procedure. (A) Stereotaxic mouse with
skull exposed and dura mater removed for in vivo bilateral recording of LFPs in left and right
M2. (B) Two glass microelectrodes in touch with the cortical surface in the hole drilled
simultaneously. (C) Recording microelectrodes along with the Ag/AgCl wires as reference
electrodes positioned at appropriate sites.

Figure 2: lllustration of cross-correlation analysis. (A) Settings for the waveform correlation
dialog box. This provides options for choosing which waveform channel is the reference and for
analyzing the correlation of two signals. (B) The process dialog box. This provides options for
setting the time length of the reference waveform and the duration of another waveform will
be appended. The analysis is only done for regions of data in which both waveform channels
exist. (C) Example .txt file with values of cross-correlation at negative and positive time lag
ranges separately.



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

Figure 3: lllustration of coherence analysis. (A) Parameter settings for the coherence dialog
box. The block size determines the number of data points used in the analysis, and the
frequency resolution. (B) The dotted lines are adjustable for operator to move manually in
order to set the duration of signals for analyzing. (C) After the software has created a chart,
click File - Save As to save the coherence results as a file with a .txt filename extension for
statistics.

Figure 4: Cross-correlation indicates the declined hemisphere lateralization between left and
right M2 of APP/PS1 mice. (A) Representative raw LFP traces of simultaneous bilateral M2
recording in WT and APP/PS1 mice using the extracellular recording method (L: left M2; R: right
M2). (B) The cross-correlation curve shows correlation of bilateral LFP signals at different time
lags. (C) Between left and right M2, WT controls showed significantly higher cross-correlation
value at positive time lag ranges than negative ones. In contrast, the cross-correlation value of
APP/PS1 mice has a similarity, indicating a decline of asymmetry (n = 10, per group). Value
represents mean * standard error of the mean. ***p < 0.001; two sample t-test.

Figure 5: Coherence of gamma oscillations between left and right M2 of WT and APP/PS1
mice. (A) Representative traces of gamma oscillations filtered from LFPs in left and right M2. (B)
Coherence distribution between LFPs simultaneously recorded in the left and right M2.
APP/PS1 mice differ largely from WT controls in gamma frequency range. (C) The coherence
between gamma oscillations of left and right M2 in APP/PS1 mice are significantly higher than
WT controls (n = 10, per group). Value represents mean % standard error of the mean. **, p <
0.01; two sample t-test.

DISCUSSION:

We report here the procedure for in vivo bilateral extracellular recording, along with analyzing
the synchronization of dual-region LFP signals, which is both flexible and easy to conduct for
estimating brain hemisphere lateralization, as well as the connectivity, directionality or coupling
between neural activities of two brain areas. This can be widely used to reveal not only group-
neuronal activities, but also some basic properties of interregional electrophysiology, especially
for labs which are interested in screening oscillatory activities or labs which do not have
systems for multi-channel recording in behaving animals?3.

In general, a series of techniques are available to monitor brain activities, including
electroencephalography (EEG), magnetoencephalography (MEG), and functional magnetic
resonance imaging (fMRI). Such methods have relatively lower temporal and spatial resolution
in comparison with our presented recordings. For example, EEG is one of the oldest and most
commercially available instruments for investigating extracellular activity of the brain. Although
there are studies using “high density” EEG in freely moving rodents to improve the insufficient
spatial resolution?*2®, the skull always generates more noise and thus reduces the signal-to-
noise ratio of cortical gamma oscillation, especially for small-sized mice. Our method with glass
microelectrodes would be a good choice to prevent researchers from that “distorting noise”
since microelectrodes could be inserted into the brain structure directly. Moreover, the
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recording glass pipettes used here are inexpensive, highly maneuverable, and can be applied to
explore deeper brain areas not limited to cortical areas.

Close attention should be paid to the following. First, it is mandatory to carry out anesthesia
strictly based on the body weight, and to test the depth of anesthesia hourly. This is because
the physiological state of the mouse plays an important role in the quality of the LFP recorded,
and any movement of the referencing sites caused by, e.g., sudden awakening of the animal,
could generate background electrophysiological noise that would depreciate the availability.
Second, because microelectrode resistance varies with the shape and diameter of the glass
pipette tip, the heating must be carefully adjusted within the range for appropriate impedance
when pulling microelectrodes. As described earlier in the protocol section, we found that the
electrodes with impedance ranging from 1 to 2 MQ captured high qualitied cortical oscillatory
activities.

Gamma oscillations reflect the neuronal synchronization of different brain regions when
animals are engaged in learning or stimulation-cued tasks?’-?°. The synchronization of gamma-
band modulates excitation rapidly to activate postsynaptic neurons effectively®. It is worth
noting that although the gamma oscillation was defined in the present study as oscillatory
activity with frequency in the range 25-80 Hz as shown by several groups?®3132, there are
studies that describe 30-70 Hz as low gamma and 70-100 Hz as high gamma33-3>, Regardless of
the definition, the principles for data analysis remain similar. In signal processing, cross-
correlation is used for determining the time delay between electrical signals of two brain
regions3®. For signals under stimulation conditions, the durations selected for cross-correlation
analysis could be shorter®’.

Though there are limitations in the use of LFP recording for the evaluation of neural activities;
for instance, it can neither distinguish between pre- and post-synaptic activities nor detect
resting membrane potentials of the neurons recorded?3, the approach introduced here serves
as a useful tool for the measurement of activities of a group of neurons from different brain
areas of mice, allowing the investigation of brain-area functional connectivity and the coupling
of electrical signals before and after drug infusion.

Several explanations have been proposed for the emergence of hemispheric asymmetry, e.g.,
asymmetry enhances an individual’s ability to perform two different tasks at the same time3%;
or asymmetry increases neural capacity, avoiding unnecessary duplication of neural networks3’;
or two different cognitive processes may be more readily performed simultaneously if they are
lateralized to different hemispheres?®. Hemisphere lateralization is assumed to provide
cognitive advantages, but it changes with age'**'. Neuroimaging studies have shown
consistently that prefrontal activation tends to be less lateralized in older adults than in
younger individuals*>*3. AD patients with early unilateral or bilateral pathological changes
develop brain abnormalities, including lateralization associating with forgetfulness, slow
responses to sound stimulation and cognitive decline!***, We observed, in the present study, a
disrupted level of hemisphere lateralization between left and right M2 of APP/PS1 mice at 3-5
months, which is the period when such mice do not aggregate apparent deposition of beta
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amyloid plaques*#®, implying that toxicity induced by soluble beta amyloid oligomers may
contribute, at least in part, to aberrant cortical hemisphere lateralization, which could
accelerate brain deterioration in AD pathogenesis'®4’,
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ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: \/ Standard Access Open Access

Item 2 (check one box):

\/ The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement”’ means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JOVE"
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

lateralrzation by dual-channel
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Iltem 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

6125426

L) VS ARTICLE AND VIDEO LICENSE AGREEMENT

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photagraph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author's facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



full, unfettered access to the facilities of the Author or of the
Author's institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Name:

Department:

Institution: Eolii dfc‘[\:ﬂm lf[ wb.:,r

Article Title: S Sﬁwhdﬂ:ﬁ:] metor cortex Aw (el

Signature:

e 21/l /20l

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JOVE submission site;

2) Fax the document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Click here to access/download;Rebuttal Letter;Point by point

responses to reviewers comments.docx

Dear Dr. Dsouza,

Once again, thank you very much for recently handling the review for our
manuscript numbered JoVES59310 and giving us the opportunity to revise. We
greatly appreciate the helpful and insightful comments of all reviewers, and hope
we will satisfy the reviewers’ concerns. Modifications made are in red in our
revised manuscript. Please see below the point-by-point responses to the

concerns/suggestions raised by the reviewers.

Reviewer #1:

In Protocol on line 98-9: What is the hardware filter for this sampling frequency?
Now the frequency band of the bandpass filtering is specified, *"band pass filtered
from 0.1 to 1,000 Hz, using the differential amplifier", and the specified AM
system does have a bandpass capability, but for this specific system, you need to
set both high pass and low pass setup with 40 dB attenuation. Thus, please make
sure to describe the exact procedure so that users can reproduce your experiment
exactly and filtering specifications.

Response: We are really appreciated with this concern and have modified the

sentence to make it clear. See line 112-113 please.

In Protocol on line 100: What is the definition of "stable™? Describe.

I don't believe that the definition of what authors used here for the stability is not
good. So if the animal is about to die and somehow managed to keep "even'
breathing, can we use such an animal for experiments? The authors need to work
on the wording here to avoid potentially misleading interpretations.

Response: Thanks for the concern. We have now modified the definition

accordingly. See line 115 please.

In Protocol on line 108: Even though there are the threshold values, there are no
recommendations or any on the actual durations to be used for the cross correlation.

Please include the value and support the choice with rational arguments or results to

*
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establish as a protocol.

Thank you for the revision, but I still don't see why 100 sec. Please elaborate.
Response: We are thankful for this concern. We accepted the way that several
publications used which set the duration for processing as 100 sec. Because we
wanted to evaluate the basic properties of electrophysiological signals of left and
right M2 in the absence of any stimulations, stable signals from both channels with
100-s-durations would be long enough to reveal reliable neuronal spontaneous
activities. But for signals in the conditions of stimulations, e.g., before and after
odorant, the durations selected should be shorter (Li et al., 2010; Zitnik et al.,

2016). We have added a note following the step. See line 126-127, 244-245 please.

In Protocol on line 120: What kind of manual adjustments are needed for what types of
accuracy? Please describe. From this sentence, it is not clear what's been done at all and
rational of doing this undescribed manual procedure.

Still there is no explanation as to why. If you are using a system like Spike2, it is
very easy to send or encode external events. Also there is no clear criteria for this
manual adjustment. Clarify.

Response: Thanks for the concern. We have made changes in both the protocol

and Figure 3B (the transparent area). See line 141-142, 184-185 please.

In Protocol on lines 111-2 (Along with Figure 4 results): It is not clear what the
following sentence says: "Compute the cross-correlation ... ". Since there is no
indication of the outputs of the function, "Analysis - Waveform correlation”, specify
what the output(s) are, then describe what values are averaged, as in terms of the
correlations, many things can be computed, and especially the values are removed by
some arbitrary threshold (explain the \pm 0.1 s part as it does not make any sense
without any explanations), it is not clear what metric is computed, and since the time
window is not defined here, what's been computed here does not mean much, based on
this write up. Also, without showing any results of correlations with correlations values

between L and R, readers have no sense of the difference. Please include the cross



correlations from both sides before Figure 4.C.

Also, exactly what type of cross correlations are computed here, and any windowing
effect is accounted for? If authors account for windowing effect, can the results shown
in Figure 4.C still exhibit significant difference?

First of all, there is no issue about the output file type itself. It is not clear to me
what the authors mean by ""minimum duration'. Please clarify.

Response: We apologize for the confusion caused. As in most of cases the gamma
band ranges from 20-100 Hz (Palop et al., 2007; Verret et al., 2012), thus the period
(reciprocal of frequency) ranges from 0.01-0.05 sec. That means two continuous
gamma waves have at least 0.01 s interval (which we called "*minimum duration*
in last-time revision). In order to exclude the possible auto-correlation of signals
with themselves and the cross-correlation of LFPs at frequencies over 100 Hz, we
set 0.01 s as the threshold and removed the values at time lags ranged at 0+0.01

s. We have now added details to the discussion section. See line 130-133 please.

See line 228-237 please.

Authors should familiarize themselves with newer studies and devices where there
are many commercially available high density EEG for rodents. Thus, it is not
correct to point out the density issue. The real issue here is range of oscillation
frequency that such devices can record. Thus, the authors really need to amend
the citations to include real limitations of EEG, especially for rodents. Otherwise,
the proposed study is very meaningless.

Response: Thanks for the suggestions. We agree that though EEG is useful, it has
limitations. We have modified the discussion accordingly. See line 209-212, 217-

225 please.

Some new parts need some justifications or to have some consistency throughout
the document. It seems that now the authors want to say that using some software
like Matlab is complex, but now there is a section to use Matlab functions (lines

150-8 in the revised manuscript). Also with all the available patches for data



acquisition toolbox and compatible hardware, | don't really see a point to use
Spike2, then use Matlab. Also the editing of the figures that authors are
mentioning using Adobe product is more for the figures for papers as opposed to
present experimental data. Thus, | suggest that the authors need to revise the
whole section over lines 150-8 to have a consistency.

Response: Thanks for the suggestions. We have now deleted the part in our revised

manuscript.

Reviewer # 3:

Major Concerns:

1) A literature link between synchronization of LPS (or synchronization of gamma
band) and brain laterality should be provided in the Introduction.

Response: Thanks for your valuable suggestion. We have now added the
correlation between synchronization of electric signals and brain laterality to the

introduction section with citations. See line 67-70 please.

2) What is the certainty that electrodes’ terminations were in the M2 area? Was
the histological verification done?

Response: We are thankful for this concern. When lowering an electrode, a
stereomicroscope was also used to make sure that the electrode’s tip is just in touch
with the cortical surface in the hole drilled, then manipulate the depth of the
electrode according to Brain Atlases. Thus, electrodes terminations are located in
M2. We did histological verification after each experiment. We have added
description to the protocol section in our revised manuscript. See line 97, 108-109

please.

3) What was the fate of the animals after experiment? Urethane anesthesia is very
toxic and mice should be subjected to euthanasia after experiment. The euthanasia

should be described briefly in the Protocol.



Response: Thanks for the concerns. Since the experiment is one-time acute
recording, mice were euthanized by fast cervical dislocation as previously
described (Carbone et al., 2012). The procedure has been specified now in the

protocol section. See line 116-117 please.

Minor Concerns:

1) How many animals were used? Please, provide the n for each group in the
Protocol.

Response: We are thankful for this concern. For each genotype group we used 10

mice. The n value has been specified now in the protocol section. See line 83 please.

2) In the discussion there is the statement ""Because the data are obtained from 3-
5-month-old APP/PS1 and WT mice, an age when APP/PS1 mice do not show
apparent deposition of beta amyloid plaques..."

A quantity of amyloid plagues do not correlate with cognitive deficits. Soluble
amyloid-beta oligomers are more toxic and involved with synaptic deterioration,
so they can contribute to dementia (e.g. Lacor et al. 2007, J Neurosci 27).
Response: We apologize for this. We have modified the discussion section

accordingly. See line 263-268 please.
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