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period in vivo. Key aspects of this method, which can be completed within an hour,
include minimally invasive surgery procedures for creating dual optical windows, and
the use of 2P imaging. Although we only demonstrate the technique in the S1 area, the
method can be applied to other regions of the living brain facilitating the elucidation of
structural and functional complexities of brain neural networks.
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SHORT ABSTRACT:

We describe an experimental procedure for measuring neuronal activity through dual optical
windows above bilateral primary somatosensory corticies (S1) in Thy1-GCaMP6s transgenic
mice using 2-photon (2P) microscopy in vivo.

LONG ABSTRACT:
The mammalian brain exhibits marked symmetry across the sagittal plane. However, detailed
description of neural dynamics in symmetric brain regions in adult mammalian animals remains
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elusive. In this study, we describe an experimental procedure for measuring calcium dynamics
through dual optical windows above bilateral primary somatosensory corticies (S1) in Thy1-
GCaMP6s transgenic mice using 2-photon (2P) microscopy. This method enables recordings and
guantifications of neural activity in bilateral mouse brain regions one at a time in the same
experiment for a prolonged period in vivo. Key aspects of this method, which can be completed
within an hour, include minimally invasive surgery procedures for creating dual optical
windows, and the use of 2P imaging. Although we only demonstrate the technique in the S1
area, the method can be applied to other regions of the living brain facilitating the elucidation
of structural and functional complexities of brain neural networks.

INTRODUCTION

Calcium and its regulation are essential in mediating multiple physiological processes.
Monitoring calcium dynamics is useful for understanding normal brain function as well as
pathological conditions of brain disorders 8. Imaging GCaMP6s fluorescence is a powerful tool
for quantifying spike numbers, timing, and frequency, as well as levels of synaptic input both in
vitro and in vivo °11,

The mammalian brain exhibits marked symmetry across the sagittal plane. Although recent
neurological research has shed light on the cortical remodeling and neuronal activity triggered
by traumatic brain or spinal cord injury &7, the roles that intact tissue of symmetrically
corresponding regions play in recovery are still obscure.

In this study, we describe experimental procedures for creating bilateral symmetric optical
windows for in vivo imaging. Using these optical windows, we describe the measuring of
calcium dynamics from primary somatosensory cortices (S1) in GCaMP6s transgenic mice using
2P microscopy. In the results section, we also show in vivo dendritic morphology at different
time points in the S1 region in the EGFP transgenic mice using 2P imaging. The observation
method regarding the network dynamics in the bilateral S1 areas is but an initial example of
how dual open cranial windows will help neuroscientists to probe local and symmetric
information processing in the adult mammalian brain in normal conditions or in different
disease models in vivo.

PROTOCOL

All surgical and animal handling procedures were performed as approved under the Guide for
the Care and Use of Laboratory Animals (National Research Council) and the Guidelines of the
Indiana University School of Medicine Institutional Animal Care and Use Committee. The
schematic illustration of the 2-photon imaging setup is shown in Figure 1.

1. Preparing the animal for imaging
1.1) Place sterile gauze, cotton swabs, and autoclaved surgical tools in the surgery area
(Table 1). Turn on a Micro Bead Sterilizer for intersurgery sterilization of surgical tools.



87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

1.2)  Anesthetize the mouse (male or female, 1.5-2.5 months, 20-25 g) by intraperitoneal
injection (i.p.) of a mixture of ketamine (17.2 mg/mL), xylazine (0.475 mg/mL) and
acepromazine (0.238 mg/mL) (6 pL/g body weight). Wait until the proper depth of anesthesia is
reached when the animal ceases to respond to a toe pinch stimulus and has no corneal reflex.
During the surgery, give a booster dose of 1/3 the original dose of the anesthetic cocktail as
needed to maintain the original anesthetic state.

1.3) Inject buprenorphine subcutaneously (s.c.; 0.05-0.10 mg/kg) as an analgesic agent prior
to surgery. Apply protective ointment to the eyes of the animal to prevent corneal drying and
cataract formation.

1.4) Place a GCaMP6s transgenic mouse on a heating pad to prevent hypothermia and cover
it with a sterile surgical drape. Stabilize the animal’s head with a Head Holding Adaptor for
Mice.

1.5) Shave the head over most of the scalp with a double-edge razor blade. Clean the
surgical area with a sterile alcohol preparation pad followed by povidone-iodine solution.

2. Chronic cranial window preparation

2.1) Make a rectangular cut of the scalp (2 mm x 3 mm) with a pair of scissors on one side
(right) of the skull. Push the skin aside with a cotton swab to create an exposure area of >3 mm
in diameter (Figure 3A). Remove the connective tissue attached to the skull by gently scraping
the skull with a blunt microsurgical blade (Scalpel Blade #10; Figure 3C).

2.2) Mark the S1 area by gently drawing a circle (3 mm in diameter, center coordination: -1.5
mm from the bregma and 2.5 mm from the midline) on the skull using a dental drill (Figure 2B).

2.3) Perform the same procedure on the left skull (Figure 2B).

2.4)  Apply a thin layer of Cyanoacrylate Super Glue to the bone to provide a base for dental
cement application.

2.5) Under a dissecting microscope, thin down a circular groove in the skull around the S1
area using a high-speed microdrill (Figure 3D). The purpose is to create a smooth edge for
placement of an optical window onto it.

2.6) Repeatedly apply artificial cerebrospinal fluid (ACSF, room temperature) to the skull
periodically during the thinning process to facilitate drilling and dissipate heat. Perform the
drilling intermittently to avoid friction-induced overheating. Suck away the bone debris with a
house vacuum line or a vacuum pump.
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2.7) After approximately 2/3 depth of the bone is drilled, slowly and carefully thin the
remaining 1/3 bone until a circular piece of the skull (bone flap) is completely free from the
surrounding skull.

2.8) Slowly and carefully remove the circular bone flap with a pair of # 5/45 forceps and
expose the dura (Figure 2C; Figure 3E).

2.9) Keep the exposed brain region moist with ACSF (Figure 3E). Avoid any damage to pial
vessels, since hemorrhage will alter cerebral blood flow, accelerate brain swelling, and severely
degrade imaging quality.

2.10) Perform the same procedure on the left (contralateral) side of the skull.

2.11) For assembling the optical window, use optical adhesive to glue and cure between
coverglass layers one at a time. If necessary, warm the optical window (50 °C for 12 h) in an
incubator to enhance the adhesive bonding. The optical window contains 2 portions: the top
portion contains a single round cover glass with a diameter of 5 mm and the bottom portion
contains 1-3 round cover glasses with a diameter of 3 mm (Figure 2D).

2.12) Store the optical window in ethanol (70%, vol/vol) and rinse it with sterile saline before
use. Before optical window installation, check the optical window for imperfections, including
an incorrect amount of optical adhesive or inaccurate alignment under a stereoscope.

2.13) Install the optical window over the craniotomy region (Figure 2D). The top portion of the
optical window rests on the skull and the bottom portion of the optical window fits within the
craniotomized opening and rests on the dura in the presence of CSF (Figure 2D, E).

2.14) Seal the top portion of the optical window edge to the skull with the Cyanoacrylate
Super Glue (Figure 2F; Figure 3F).

2.15) When the Cyanoacrylate Super Glue has dried, apply black dental cement (Dentsply) to
cover the glass edge. Apply dental cement to all the exposed skull and wound margins to block
light (Figure 2G-H; Figure 3B).

2.16) Perform the same procedure on the left side.

2.17) Allow the animal to recover on the heating pad and return the animal to its home cage
for recovery under appropriate monitoring. Provide wet food to facilitate chewing and
hydration. To reduce pain, administer buprenorphine s.c. (0.05-2.0 mg/kg) every 8-12 h

postinjury for 2 d. Allow the mouse to recover for an additional 7-10 d before imaging.

3. Two-photon imaging



170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

3.1) On the day of the experiment, anesthetize the animal with ketamine and xylazine (doses
and maintenance of anesthesia as described above). Clean the cranial window with 75%
(vol/vol) ethanol.

3.2) Place the mouse under an imaging set-up consisting of a 2P microscope and the Head
Holding Adaptor, resting on a heating pad with its head immobilized through ear bars attached
to a mouse head holder.

3.3) Image one side of the optical window at a time. To minimize optical aberrations, make
sure that the optical window and right skull are oriented perpendicular to the optical axis of the
microscope.

3.4) Take an initial picture of the cranial window with bright field illumination at 4x
magnification as a reference map for registration with higher magnification 2P angiographies
(Figure 4A1).

3.5) Zoom in on the area of interest using 10x magnification (Figure 4A2).

3.6) Select an area of interest in the S1 area in cortical layers | or Il (up to 150 um below the
pial surface). If higher magnification is desired, use a 20x objective.

3.7) Search for a field of view with multiple neurons. Acquire images using a 2P microscope
(Figure 4B). Determine the exposure time and excitation light level (=910 nm) based on the
depth and expression level of GCaMP6s, with weaker signals requiring longer exposure times
and concordantly less time resolution. We typically use ~4 us per pixel exposure times. Acquire
images at frame rates of 3-5 Hz at a resolution of 512 x512 pixels.

3.8) Start to record the time series. Store coordinates of every region of interest (ROI)
relative to the vascular pattern or to fiducial points in low magnification images. Image the
same ROl over time. Perform the same procedure to observe calcium dynamics of the S1 area
on the left hemisphere. Calculate changes in fluorescence from each ROI.

3.9) Acquire images either individually or as a time-lapse movie (Figure 4C1-C3, D, E).

3.10) Study cortical blood flow dynamics in vivo by imaging fluorescent dextran dyes injected
into the tail vein of rodents with 2P microscopy. Use vasculatures as landmarks to recognize
and image the same ROl in imaging sessions over long periods.

4. Data processing

4.1) Use Imagel and Origin for image analysis. Import image sequences with Imagel (Figure
5A-B). For individual images (or t-series movies), select an ROl within an imaged neuron and 2
separate nearby regions for background measurement (Figure 5C). Acquire total intensity with
an ROI manager (Figure 5C).
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Note: Figure 6 shows representative calcium images. Calcium transient (green) and blood vessel
(red) show at different time points in seconds (Figure 6A-D) in a mouse at 7 d after the initial
window installation. The z-projection of a 3 min recording period for red and green channels
(Figure 6E) or green channel (Figure 6F) is also shown. A z-projection displays a compressed
image of all images in the movie from which a rough and circle boundary (encompassing the
object neuron of interest in all frames) is manually selected as well as the selection of the 2
independent nearby background regions (Figure 6G).

4.2)  From each ROI, calculate the average fluorescence background FB, FB=(FB1+FB2)/2, and
the fluorescence changes of the soma (F) expressed as AF/F, AF/F=(F-FB)/FB.

4.3) Perform the peak analysis step by step using functions of Imagel including Baseline
Correction, Peak Finding/Determination, Peak Integration, Peak Fitting, and/or Time-Saving
Peak Analysis Features.

REPRESENTATIVE RESULTS

Using the bilateral optical window, we obtained results from 2 separate experiments. The first
experiment employed EGFP-expressing mice to image dendritic varicosities. Figure 4C1-3 shows
examples of images captured at different time points after optical window implantation. Note
that the number and location of the dendritic branches and spines are remarkably stable
between the 2 views (Figure 4D, E, z-projection).

The second experiment employed Thy1-GCaMP6s transgenic mice to measure the intracellular
calcium transient, thus illustrating how calcium physiology can be measured within a single
neuron in vivo (Figure 6). This technique can be used to record and quantify spontaneous
activity in populations of layer V pyramidal neurons located at as deep as >500 um below the
pia. Average spontaneous responses over time (calculated as the average responses at each
time point) can be calculated across numerous trials. The 2P technique has the advantage of
detecting activity simultaneously in large or dispersed neuronal populations over an extended
period with little mechanical disturbance to the brain as compared to multielectrode
recordings.

To generate an acceptable average measurement, 5-10 trials are recommended. The number of
trials will be dependent on the spontaneous responses or inherent variability of the responses
to a particular stimulation. If all the steps are followed strictly, as described above, a researcher
trained in both thinned-skull cranial window technique and in vivo 2P calcium imaging should

be able to obtain recordings of 100-200 neurons on both sides from 1-2 animals per day.

After the peak analysis, a collection of results such as the real location of the peak, the real
amplitude, the area, and the full width at half maximum (FWHM) for each peak can be obtained.

Figure 1. Schematic illustration of the components of a cranial optical window for 2-photon
(2P) imaging.
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Figure 2. Schematic drawing shows key steps for preparing a cranial window.

A) Under a dissecting microscope, remove the skin over the surgical region using a pair of
surgical scissors. B) Use a high-speed microdrill to produce a circular groove (3 mm diameter)
on the skull over the S1 area until the bone flap within the groove becomes detached from the
surrounding bone. C) Slowly remove the bone flap to expose the underlying dura. D) Assemble
the optical window with coverglasses with 2 different diameters. The upper coverglass has a
larger diameter (5 mm) and the lower coverglasses (usually 1-3) have a smaller diameter (3
mm). The thickness of the coverglasses to be installed will be dependent on the thickness of the
skull. E) Place the coverglass onto the circular opening of the skull to create an optical window.
The lower portion of the coverglasses should fit within the cranial opening. The bottom of the
coverglasses should gently contact the dura. F) Seal the window edges to the skull with
cyanoacrylate glue. G) When the cyanoacrylate dries, apply black dental cement lateral to the
glue wall. H) Fill the cranial window with ddH20 and use water-immersion objectives for
imaging.

Figure 3. Creation of bilateral windows on the skull.

A) A photographic image shows 2 cranial optical windows on each side of the skull
overlying the S1 area. B) High magnification of the boxed region of image (A) showing bilateral
optical windows exposing the underlying dura and blood vessels. Scale bar 680 um. C) The
exposed skull. D) Creation of a circular groove within which a central bone flap is seen. Scale bar
900 um. E) After the removal of the bone flap, the cranial opening was filled with artificial
cerebrospinal fluid (ACSF). Scale bar 720 um. F) Installation of the optical window over the
cranial opening and sealing the edge of the window with super glue. The dura and blood vessels
are visible through the optical window. Scale bar 600 um.

Figure 4. Calcium and dendritic imaging.

A1) Identify regions of interest using blood vessels (BV) as landmarks in Thy1-GCaMP6s mice.
A2) Identify the same labeled cells (red arrows) over time using the same landmarks and
record. B) Representative Z-projection of calcium signals in neurons (red arrows) of the primary
somatosensory cortex (S1). Scale bar 10 um. C1-3) Visualization of dendrites (green) and a
blood vessel (red) in B6.Cg-Tg(Thy1-YFP)HIrs/J at different depths in the layer Il of the S1 region
at 1 d after optical window installation. D) Z-projection of multiple images at the same region at
1 d. E) Z-projection of multiple images at the same region at 7 d after the optical window
installation. Note the remarkable stability of the number and location of adult spines and
dendritic branches between 1 d and 7 d after optical window installation. Scale bar in C-E 5 um.

Figure 5. Calcium signal tracing.

A, B) Examples of imported t-series movies with ImagelJ for data analysis of 2 neurons (neuron 1
and neuron 2, respectively). C) A spreadsheet shows data on illumination intensity from region
of interest (ROI; within the neuron and 2 separate nearby regions as background measures). D)
Calculation of the peak: AF/F= (F-FB)/FB, FB = (FB1+FB2)/2 (the average fluorescence
background [FB], and the fluorescence changes of the soma [F] expressed as AF/F).
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Figure 6. Representative calcium images.

A-D) Calcium transient (green) and blood vessels (red) at different time points in seconds in a
mouse at 7 d after the optical window installation. Yellow arrow: a relatively less active neuron.
White arrow: a spiking neuron. E, F) Z-projection of a 3 min recording period for the red (blood
vessels) and green (calcium) channels (E) and green channel only (F). G) Selected neurons and
their adjacent background areas are marked. Scale bar 10 um.

DISCUSSION

Two-photon imaging enables the simultaneous measurement of the activity of many cells at a
reasonable resolution at up to approximately 800 um below the brain surface. We integrated
2P and a dual optical window technique with genetically encoded GCaMP6s to observe calcium
dynamics in populations of layer V neuronal somata located >500 um below the pia. With an
open optical window on each side of the skull, the method enables recordings of neural activity
across symmetric mammalian brain regions for prolonged and stable calcium imaging in vivo.
Key aspects of this method include the performance of minimally invasive surgery to create
dual open skull optical windows and 2P imaging of neuronal activity in symmetrical S1 regions.

Examining the network activity in bilateral S1 regions is an example of how dual cranial
windows could be used to probe local and symmetric information processing in the adult brain
in vivo. This method also can be used to study the neuronal activity (e.g. using Thy1-GCaMP6s
mice) and cortical plasticity B6.Cg-Tg(Thy1-YFP)HJrs/J from intact tissue of the corresponding
symmetric regions in recovery after deafferentation due to a unilateral CNS injury. The method
can also be used to examine cortical activity in response to peripheral stimulation strategies
such as optogenetic, electrical or chemical stimulations. Although we only demonstrate the
technique in the S1 area, this approach could be employed to investigate activities in other
symmetric areas in the living brain such as the layer V neurons of the primary motor cortex
(M1). Observations on reorganization of brain regions may provide a neural substrate for
adaptive motor behavior, which plays a critical role in postinjury recovery of function. It also
allows for chronic measurement of the symmetrical activity of genetically identified cells during
behavior in head-fixed mice.

Technically, investigators should pay careful attention to the quality and consistency of dual
cranial windows. Thinned-skull cranial window technique *? is highly recommended for the
beginners to practice. Spines are calcium compartments because of their morphology and local
influx and extrusion mechanisms. In this study, we used B6.Cg-Tg(Thy1-YFP)HIrs/J mice as an
example to demonstrate dendritic spine dynamics in vivo (Figure 4). An open-skull glass window
installation may cause high spine turnover and reactive glial responses after surgery *2. In
contrast, with the thinned-skull window technique, spines and dendrites can be well preserved.

Choices of dimensions and thicknesses of optical windows will be dependent on the desired
field of view, the skull curvature, skull thickness, and the type of imaging 3. Insufficient
pressure of the optical coverglasses on the dura may cause thickening of the dura, regrowth of

8
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the skull, and increased brain motion. In contrast, excessive pressure of the optical coverglasses
may impede cortical blood flow.

For optical window assembly, glue and cure additional layers of coverglasses one at a time with
optical adhesive and long-wavelength UV light. To help strengthen the adhesive bonding, warm
the fabricated window (50 °C for 12 h) in an incubator. Store the optical window coverglass in
70% (vol/vol) ethanol and, before the surgery, rinse it with sterile saline. The optical window
needs to be examined for imperfections (such as an incorrect amount of optical adhesive or
inaccurate alignment) under a stereoscope before use to avoid failure. If the optical adhesive is
too thin, air spaces may be creased, which can cause optical aberrations or cover glass
detachment at implantation. In contrast, too much optical adhesive can cause overflow past the
edges of the cranial window.

In summary, here we describe an experimental procedure for measuring calcium dynamics or
dendritic morphology through cranial windows from 2 symmetric primary somatosensory
cortical regions in Thy1-GCaMP6s and Thy1-YFP transgenic mice, respectively, using 2P
microscopy. This technique may greatly facilitate dissecting the complex structural and
functional relationship of neural networks.
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Name Company Catalog Number
C57BL/6)-Tg(Thy1-GCaMP6s)GP4.3Dkim/) Jackson 24275
B6.Cg-Tg(Thyl1-EGFP)OJrs/Gfng). Jackson 7919
Dumont no. 5 forceps, standard, Dumoxel Fine Science Tools 11251-30
Dumont no. 5SF forceps Fine Science Tools 11252-00

Micro Bead Sterilizer Southern Labware B1201
Harishige’s SG-4N Head Holding Adaptor Tritech Research SG-4N

Ideal Micro-Drill Complete Kit Harvard Apparatus |72-6065

Burrs for Micro Drill Fine Science Tools 19007-05

Round cover glass, 3 mm Harvard Biosciences |W4 64-0720
Round cover glass, 5 mm Harvard Biosciences |W4 64-0700
Norland optical adhesive Norland Products 7106
Loctite liquid super glue WB Mason LOC1647358
Grip cement kit, powder and solvent Dentsply 675570
Gel foam Moore Medical 2928
Micro dissecting scissors Roboz RS-5841

Artificial cerebrospinal fluid (ASF)
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Comments/Description

Can be any strains made by the genetically-encoded
neuronal indicator and effector expressing the green
fluorescent calcium indicator, GCaMP, in subsets of

excitatory neurons in the cortex.

Can be any strains expressing EGFP in subsets of
neurons within specific populations in the cortex;
providing a bright, vital Golgi-like stain.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice.

Can be any brand of choice. Mix 5 parts of white
dental cement powder (Grip Cement) with one part
of black Tempera powder paint (to shield from light;
some users prefer a 10:1 ratio).

Can be any brand of choice.

Can be any brand of choice.

The ACSF contains 125 mM NacCl, 4.5 mM KCl, 26 mM
NaHCO3, 1.25 mM NaH2P04, 2 mM CaCl2, 1 mM
MgCl2 and 20 mM glucose. Bubble the ACSF with
oxygen (95% oxygen, 5% carbon dioxide) and adjust
the pH to 7.4. Prepare fresh ACSF solution before
every experiment.
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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 MylJove 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.
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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
Item 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
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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, photograph, 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 wuse, 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
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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
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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:

Xiao-ming Xu
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Name:

Stark Neurosciences Research Institute
Department:
Institution: Indiana University School of Medicine
Article Title:
Signature:

2017-07-18
Date:
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1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
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Rebuttal Comments

Editorial and Reviewers_xu.plr.docx

Responses to Editorial and Reviewers’ Comments

Response to the Editorial Comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version.

Response: The final version of the manuscript has been edited by a medical editor at the authors’
Institution.

2. Please abbreviate all journal titles.

Response: Done.

3. Please define all abbreviations before use.

Reponses: Done.

4. Please use focused images of uniform size/resolution (at least 300 dpi).
Response: Done.

5. Please print and sign the attached Author License Agreement (ALA). Please then scan and upload the
signed ALA with the manuscript files to your Editorial Manager account.

Response: Done.

6. Please include a scale bar for all images taken with a microscope to provide context to the
magnification used. Define the scale in the appropriate Figure Legend.

Response: Done.

7. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols
(™), registered symbols (®), and company names before an instrument or reagent. Please remove all
commercial language from your manuscript and use generic terms instead. All commercial products
should be sufficiently referenced in the Table of Materials and Reagents.

Response: Done.

8. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text
between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step
and a maximum of 4 sentences per step.

Response: Simplified.

9. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e.,
how is the step performed? Alternatively, add references to published material specifying how to
perform the protocol action.

Click here to download Rebuttal Comments Responses to
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Response: Added.

10. What is the age/gender of the mouse?

Response: Added in 1.1.

11. Please specify all instruments used throughout.

Response: We have added Table 1 summarizing the instruments.
12. 2.1: What instrument is used for the incision?

Response: Scissors. We have added in the text.

13. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most
cohesive story of the Protocol. The highlighted steps should form a cohesive narrative with a logical flow
from one highlighted step to the next. Remember that non-highlighted Protocol steps will remain in the
manuscript, and therefore will still be available to the reader.

Response: Protocol 1, 2, and 3.

14. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one
highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please ensure
that the highlighted part of the step includes at least one action that is written in imperative tense.

Response: We have modified the steps to follow a logical flow.

Response to Reviewer #1:

Manuscript Summary:

This very informative manuscript provides a very detailed description of an experimental procedure that
can be used to chronically assess mouse brain neurons activity through dual open skull windows and 2-
photon microscopy.

Major Concerns:
N/A

Minor Concerns:

The following are comments for X Lin, T Zhao, W Xiong, S Wen, X Jin, and X-M Xu about their manuscript
titled "Imaging neural activity in the primary somatosensory cortex using Thy1-GCaMP6 transgenic
mice".

PROTOCOL

1. Preparing the animal for imaging

1.1) Sentences 1 and 2 (about the ethanol cleaning and the heating pad) appear to be also stated in 1.3
and 1.4 where they are more applicable.



Response: Dropped sentence 1 from 1.1. Moved sentence 2 to the beginning of 1.3.

1.2) Add 'and has no corneal reflex' to sentence 2. Delete 'original’ from ...the original anesthetic...' in
sentence 3. Delete '...and every 8-12 h postinjury for 2 d...' from sentence 4 as this is stated in 2.13
where it is more applicable.

Response: Thanks! Very helpful.
1.4) Is povidone-iodine also used?

Response: Yes and added.

2. Chronic cranial window preparation
2.1) Refer to Figure 3 as well in sentence 1.

Response: Since Figure 2 is a schematic drawing describing window creation, we prefer not to refer to
Figure 3 in sentence 1.

2.5) What size burr (drill bit) is recommended? (Response: Information provided) Is not ACSF applied to
the skull not '...the S1 area...'as stated in sentence 3? (Response: Thanks! The sentence has been
modified.) What temperature is the ACSF at? (Response: Room temperature, clarified) It is suggested to
break up sentence 4 by ending it at '...overheating.'. (Response: Done, thanks!) The next sentence could
be started at 'Replace...". Should '...and..." in sentence 6 be '...to..."? (Response: Changed) Why is Fig. 2C
being referred to after the last sentence? (Response: removed)

2.8) Is the right cortex kept moist while the left cortex is exposed?
Response: Yes, a change has been made.

2.9) Is ACSF left between the coverglass and the dura or is this space dried completely? (Response: Yes,
added to the sentence.) A picture from the side showing the 2 coverglasses glued and cured together
may be helpful. (Response: Difficult to show because the glue is transparent.)

2.10) In sentence 4, should it be (Fig. 2G-H) instead of (Fig. 2G-F)?
Response: Thanks, corrected.

2.11) Is this more applicable in 3.1? How much isoflurane would you recommend? Is this mixed with
oxygen? If so, at what flow rate (L/min)?

Response: Isoflurane anesthesia has been moved to 3.1 as suggested.
Figure 2. What is the ddH20 used for?

Response: To increase the resolution of the microscopy with a water-immersion objectives for imaging.

3. Two-photon imaging

3.2) What manufacturer of a 2P microscope and manipulator would you recommend?



Response: Company information added to the manuscript.

3.8) Delete '...side of the..." in sentence 4?
Response: Deleted.
Figure 4 Legend A2. Would '...structures...' be more appropriate than '...cells..."?

Response: Cells are more appropriate in this manuscript.

4. Data processing

4.4) and Figure 5 Legend D. Do you want these equations to be the same?

Response: The equations are the same now. Thanks!

REPRESENTATIVE RESULTS
Since monitoring calcium dynamics is used as a premise for developing this experimental procedure,
should not paragraph 2 be presented before paragraph 1?

Response: We prefer to keep the current order of the paragraphs.
Paragraph 2, Sentence 1:'...single cell...' or '...single neuron..."?
Response: Changed.

Paragraph 2: Is Figure 6 being discussed here?

Response: Fig. 6 has been referenced in the text.

DISCUSSION
Have any differences in results been observed between 2 or 1 brain hemisphere being exposed and
having a cranial window?

Response: We have not made a direct comparison in this study. The comparison will be performed in
future hypothesis-driven studies.

Paragraph 2: What about studies of sensory dysfunctions and/or pain? Can various peripheral
stimulation strategies (for example, optogenetic, electrical, chemical) be used?

Response: Good point; we have added this to the 2" paragraph of the Discussion.

Paragraph 3, Sentence 4: Should Figure 3 be referred to here? Would this paragraph be more applicable
in the PROTOCOL section?

Response: Yes, Figure 3 has been referenced in the text.

Additional Comments to Authors:
N/A



Reviewer #2:
Manuscript Summary:
N/A

Major Concerns:

The authors state in several sections (Long Abstract, Introduction and Discussion) that dynamics of
neural activity can be viewed in symmetric brain regions, which suggests that 2 regions of the brain can
be observed at the same time. It is not clear what the authors mean by this description and maybe it can
be re-stated.

Response: In the Long Abstract, we stated “This method enables recordings and quantifications of
neural activity in bilateral mouse brain regions one at a time in the same experiment for a prolonged
period in vivo.”

Minor Concerns:
Line 87 indicates a 40 fold range of dosing for Buprenorphine. Can the authors be more specific for a
preferred dose.

Response: In 1.3) we have stated: “Inject buprenorphine subcutaneously (s.c.; 0.05-0.10 mg/kg).”

Line 152 regarding chronic experiments it is not indicated if the skin incision is closed for the 7-10 days
between placement of the viewing ports and 2 photon observations.

Response: No suture is needed to close the wound since the skin is replaced by the optical window. The
wound margins are covered by dental cement (new 2.15).

Line 292 regarding Figure 1 and Figure 2 - There is a vertical line labeled as 5 um across the cortical
layers. This is not correct as indicated in the figures.

Response: Thanks! We have corrected the mislabeling.
Line 326 regarding Figure 6 - What do the arrows in Panels B and C indicate

Response: We have indicated arrows in Figure 6. Thanks again.

Additional Comments to Authors:
N/A



