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SUMMARY:  36 
Here, we present detailed protocols for monocular visual deprivation and ocular dominance 37 
plasticity analysis, which are important methods for studying the neural mechanisms of visual 38 
plasticity during the critical period and the effects of specific genes on visual development.  39 
 40 
ABSTRACT:  41 
Monocular visual deprivation is an excellent experimental paradigm to induce primary visual 42 
cortical response plasticity. In general, the response of the cortex to the contralateral eye to a 43 
stimulus is much stronger than the response of the ipsilateral eye in the binocular segment of the 44 
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mouse primary visual cortex (V1). During the mammalian critical period, suturing the 45 
contralateral eye will result in a rapid loss of responsiveness of V1 cells to contralateral eye 46 
stimulation. With the continuing development of transgenic technologies, more and more 47 
studies are using transgenic mice as experimental models to examine the effects of specific genes 48 
on ocular dominance (OD) plasticity. In this study, we introduce detailed protocols for monocular 49 
visual deprivation and calculate the change in OD plasticity in mouse V1. After monocular 50 
deprivation (MD) for 4 days during the critical period, the orientation tuning curves of each 51 
neuron are measured, and the tuning curves of layer four neurons in V1 are compared between 52 
stimulation of the ipsilateral and contralateral eyes. The contralateral bias index (CBI) can be 53 
calculated using each cell’s ocular OD score to indicate the degree of OD plasticity. This 54 
experimental technique is important for studying the neural mechanisms of OD plasticity during 55 
the critical period and for surveying the roles of specific genes in neural development. The major 56 
limitation is that the acute study cannot investigate the change in neural plasticity of the same 57 
mouse at a different time. 58 
 59 
INTRODUCTION:  60 
Monocular visual deprivation is an excellent experimental paradigm to examine V1 plasticity. To 61 
study the importance of visual experience in neural development, David Hubel and Torsten 62 
Wiesel1-2 deprived kittens of normal vision in one eye at various time points and for varying 63 
periods of time. They then observed the changes in response intensity in V1 for the deprived and 64 
nondeprived eyes. Their results showed an abnormally low number of neurons reacting to the 65 
eye that had been sutured shut in the first three months. However, the responses from the 66 
neurons in the kittens remained identical in all respects to those of a normal adult cat's eye that 67 
was sutured shut for a year, and the kittens did not recover. MD in adult cats cannot induce OD 68 
plasticity. Therefore, the impact of visual experience on V1 wiring is strong during a brief, well-69 
defined phase of development, before and after which the same stimuli have less influence. Such 70 
a phase of increased susceptibility to visual input is known as the critical period in visual cortex.  71 
 72 
Although the mouse is a nocturnal animal, individual neurons in mouse V1 have similar properties 73 
to neurons found in cats3-5. In recent years, with the rapid development of transgenic technology, 74 
an increasing number of studies in visual neuroscience have used mice as an experimental 75 
model6-8. In mouse visual studies, neuroscientists use mutants and knockout mouse lines, which 76 
allow control over the genetic makeup of the mice. Although mice V1 lack OD columns, single 77 
neurons in the V1 binocular zone show significant OD properties. For example, most cells respond 78 
more strongly to contralateral stimulation than to ipsilateral stimulation. Temporary closure of 79 
one eye during the critical period induces a significant shift in the OD index distribution9-11. 80 
Therefore, MD can be used to establish an OD plasticity model to investigate how genes involved 81 
in neural developmental disorders influence cortical plasticity in vivo.  82 
 83 
Here, we introduce an experimental method for MD and suggest a commonly used method 84 
(electrophysiological recording) to analyze the change in OD plasticity during monocular visual 85 
deprivation. The method has been widely used in many laboratories for more than 20 years12-16. 86 
There are other methods used in measuring the OD plasticity as well, such as chronic visual 87 
evoked potential (VEP) recording17, and intrinsic optical imaging (IOI)18. The significant advantage 88 
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of this acute method is that it is easy to follow, and the results are remarkably reliable.  89 
 90 
PROTOCOL:  91 
 92 
In this protocol, male C57Bl/6 mice were obtained from the Institute of Laboratory Animals of 93 
Sichuan Academy of Medical Sciences and Sichuan Provincial People’s Hospital. All animal care 94 
and experimental procedures were approved by the Institutional Animal Care and Use Committee, 95 
University of Electronic Science and Technology of China.  96 
 97 
1. Monocular deprivation (MD) at postnatal day 28 in mice  98 
 99 
1.1. Put the surgical tools, the suture needle (0.25 mm diameter, string diameter 0.07 mm) and 100 
cotton swabs in an aluminum box and autoclave them at 120 °C for 0.5 h. Sterilize the hood with 101 
75% ethanol. Dry the surgical tools in a drying oven. 102 
 103 
1.2. Prepare a 2% agarose solution, put it in a water bath at 75 °C to avoid solidifying.  104 
 105 
1.3. Use isoflurane mixed with oxygen to anesthetize the mouse (2% induction and 1.2–1.5% 106 
maintenance). Fix the mouse on the stereotaxic apparatus and use a heat regulating device to 107 
maintain the mouse body temperature at 37 °C and prevent hypothermia. 108 
 109 
1.4. Apply a thin layer of petroleum-based eye ointment to both eyes.  110 
 111 
1.5. Under the anatomical microscope with illumination, suture the eyelid on one eye. Make the 112 
needle pass though both sides of the eyelid 2x (Figure 1A) and make about four stitches. 113 
 114 
1.6. Knot the thread 2–3x and then trim the thread. Apply 3 μL of instant drying glue on the knot 115 
to increase its stability. Then cut the extra suturing thread.  116 
 117 
1.7. Provide an intraperitoneal injection of buprenorphine (1 mg/kg) to the mouse. 118 

 119 
1.8. Transfer the mouse onto a heating pad to maintain its body temperature at 37 °C and prevent 120 

hypothermia and monitor it until it regains consciousness.  121 

 122 
1.9. When the mouse is fully awake place it into a separate holding cage. 123 
 124 
1.10. Check the eyelids daily to ensure that they remain shut and uninfected. Exclude the mouse 125 
if an eyelid opening is found.  126 

 127 
1.11. Before electrophysiological recording, use isoflurane mixed with oxygen to anesthetize the 128 
mouse (2% induction and 1.2–1.5% maintenance). 129 

 130 
1.12. Remove the stitches with eye scissors to expose the eyeball. Carefully trim the eye lids.  131 



   

 132 
1.13. Flush the eye with lens solution and check the eye under a microscope for clarity. Exclude 133 
mice with corneal opacities or signs of infection. 134 
 135 
2. Craniotomy in the mouse V1 binocular region after monocular deprivation on the 4th day 136 
 137 
2.1. After anesthetizing the mouse, check for the depth of anesthesia by the lack of response to 138 
a toe pinch.  139 
 140 
2.2. Place and fix the mouse on the stereotaxic apparatus. Adjust the height of the ear bar and 141 
tooth rod to keep the brain flat and stable. 142 
 143 
2.3. Use a heating pad to maintain the body temperature.  144 
 145 
2.4. Apply a petroleum-based eye ointment on the surface of the eyes to keep them moist.  146 
 147 
2.5. Remove the hair on the mouse's head to expose its skin. Rub the skin with alternating scrubs 148 
of iodine and 70% ethanol 3x.  149 
 150 
2.6. Incise an 8 x 8 mm area of the skin between the ears to expose the skull and remove the scalp 151 
tissue. Then remove the overlying connective tissue with 30% hydrogen peroxide. 152 
 153 
2.6. Drill a 1 x 1 mm hole in the skull above the cerebellum. Affix a small bone screw in the hole 154 
as a reference.  155 
 156 
2.7. Perform a small craniotomy of 1 mm in diameter in the V1 binocular region from the 157 
contralateral hemisphere to the deprived eye (Figure 1B, A-P: lambda -0.51–lambda +1.67 mm; 158 
M-L: -2.6– -3.0 mm; D-V: 0–1 mm). Carefully remove the skull fragment without hurting the brain.  159 
 160 
2.8. Cover the exposed cortical surface with 75 μL of 2% agarose at 40 °C to prevent drying.  161 
 162 
2.9. Fix a tungsten electrode on the stereotaxic frame. Place the tungsten electrode vertically on 163 
the surface of the exposed cortex, the binocular region of V1, to make sure that the cells that are 164 
recorded react to both eyes.  165 
 166 
2.10. Use cotton swabs to remove the eye gel and apply silicon oil to the eye every 2 h. 167 
 168 
3. Visual stimulation and electrophysiological recording  169 
 170 
3.1. Mask the one eye with nontransparent plastic plate. Position an LCD monitor 23 cm from the 171 
mouse’s eye. 172 
 173 
3.2. Reduce the anesthesia to 0.5–0.8% when the mouse is fully anesthetized.  174 
 175 
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3.3. Advance the microelectrode electrode slowly with an oil hydraulic micromanipulator. Stop it 176 
when a high signal-to-noise ratio is observed and the electrode is advanced to layer 4 (Figure 1C, 177 
approximately 250–450 μm in depth). Ensure that the amplification factor is set at 1,000, the filter 178 
at 300–100 Hz, and the sample rate at 40 Hz. 179 
 180 
3.4. Present a full-field moving sinusoidal grating (Figure 1D, 12 directions, 100% contrast, 2 Hz 181 
of temporary frequency, 0.04 cycles per degree of spatial frequency) on the LED monitor.  182 
 183 
3.5. Measure the cell’s response by stimulating the ipsilateral and contralateral eye separately. 184 
Present 3–5x total.  185 
 186 
3.6. Measure the responses of five to eight cells in each penetration. Perform four to six 187 
penetrations in each mouse.  188 
 189 
3.7. After the recording, adjust the isoflurane flow rate to 5% or greater, continue isoflurane 190 
exposure for 1 min, and then perform the cervical dislocation. 191 
 192 
NOTE: Separate penetrations were spaced at least 200 μm apart in the V1 binocular zone. 193 
 194 
4. Off-line spike sorting and data analysis 195 
 196 
4.1. Detect spikes when the raw signal crosses a threshold level. Align captured spikes on the first 197 
positive or negative peak. Use software to detect spikes from different cells.  198 
 199 
4.2. Set two cursors: one for positive and the other for negative deflection. Set the spike template 200 
(Figure 2A). Set the template area to that with the most significant variation between different 201 
classes of spikes. 202 
 203 
4.3. Use principal component analysis to separate them into clusters. Clustering methods can vary 204 
between different laboratories. 205 
 206 
4.4. Classify the spike of a boundary by using the K-means algorithm. 207 
 208 
4.5. Correlate the orientation with the spike firing rate and plot the orientation tuning curves for 209 
the ipsilateral and contralateral eye. 210 
 211 
4.6. Calculate the OD index for the single unit, which represents the contralateral/ipsilateral 212 
response strength ratio: 213 
 214 

2

contra ipsi

contra ipsi spon
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R R R


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 
              （1） 215 

 216 
where Rcontra and Ripsi are the cell’s optimal response for the contralateral and ipsilateral eye, 217 
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respectively, and Rspon is the cell’s spontaneous activity.  218 
 219 
4.7. Assign OD scores to 1–7 as follows: − 1 to −0.75 = 1; −0.75 to −0.45 = 2; −0.45 to −0.15 = 3; 220 
−0.15 to 0.15 = 4; 0.15 to 0.45 = 5; 0.45 to 0.75 = 6; and 0.75 to 1 = 7. 221 
 222 
4.8. Calculate the contralateral bias index (CBI):  223 
 224 

1 7 2 6 3 5

2 1
[( ) ( ) ( ) ] / 2

3 3
CBI n n n n n n N N           （2） 225 

 226 
where N is the cell number, and nx equals the cell number with OD scores equal to x. 227 
 228 
REPRESENTATIVE RESULTS:  229 
The experimental results described here enable successful MD and OD plasticity measurements 230 
from a deprived and nondeprived mouse during the critical period (P19–P32). Figure 1 shows 231 
how to perform single unit recordings in layer 4 from V1 the binocular zone for comparing 232 
responses in the ipsilateral and contralateral eye 4 days after MD. Figure 2 shows the spike sorting 233 
and orientation tuning measurements for stimulating the ipsilateral and contralateral eyes. For 234 
spike sorting, the spike template was established by clustering the principal component weights 235 
of the spikes. As an example in (Figure 2A,B), cell 01 and cell 02 were classified by spike sorting. 236 
The orientation tuning curves of single units were measured by stimulation of the ipsilateral and 237 
contralateral eyes. Figures 2C,D show the orientation tuning curves of four sample cells, in which 238 
two are from the mouse that underwent MD and the others from the mouse that did not. Our 239 
results show that the firing rate was relatively close by stimulating the contralateral and ipsilateral 240 
eye in the mouse 4 days after MD was performed (Figure 2C). However, the firing rate obtained 241 
by stimulating the contralateral eye was much stronger than that obtained by stimulating the 242 
ipsilateral eye in the nondeprived mouse (Figure 2D). Figure 3A shows the distribution of OD 243 
scores for all units and the CBI index for a mouse that underwent MD (P28, 4 days after MD). 244 
Figure 3B shows the OD scores for all units and the CBI index from a nondeprived C57/BL6 mouse 245 
(P26, no MD). The CBI index is 0.38 for an MD mouse and 0.67 for another one without MD.  246 
 247 
The results show that the response of the V1 neurons to the contralateral eye to a stimulus was 248 
much stronger than the response of the ipsilateral eye in the binocular segment of the 249 
nondeprived mouse. However, 4 days after MD in the critical period, the response of most 250 
neurons to stimulation to the contralateral eye was relatively close or weaker than the response 251 
to the ipsilateral eye. Therefore, the V1 neurons in critical periods have significant OD plasticity. 252 
MD alters the relative strength of the cell’s response by stimulating the contralateral and 253 
ipsilateral eye.  254 
 255 
FIGURE AND TABLE LEGENDS:  256 
Figure 1: Schematic of the visual deprivation experiment. (A) A schematic for suturing the eyelid. 257 
The needle passes through the eyelid 2x and then 2–3 knots are made. Images 1–4 show the 258 
position where the needle passes through the eyelid. (B) Recording schematic in an anesthetized, 259 
head-fixed mouse. An enlarged view of V1 is displayed in the gray circle, and the binocular zone 260 



   

is indicated with dark gray. The recording sites within the binocular zone are shown with small 261 
circles. (C) The coronal plane of the mouse brain and the recording sites are shown in the layer 4 262 
of V1. (D) Illustrations of the visual stimulus of different orientations. Twelve different 263 
orientations were totally used in each measurement.  264 
 265 
Figure 2: Illustrations of data analysis procedure. (A) Spikes were sorted using a commercial 266 
software (see Table of Materials). The waveform in green shows the filtered signal (0.3–10 kHz). 267 
Two cells were sorted from the filtered data. (B) Example of the separation of spiking activity on 268 
a single microelectrode by spike sorting. The spike sorting method is a principal component of 269 
the analysis. (C) Orientation tunings from two cells to respond to the contralateral (red solid line) 270 
and ipsilateral (red dotted line) stimuli in a monocular-deprived mouse (cell 01 and cell 02). (D) 271 
Orientation tuning from two cells to respond to contralateral (blue solid line) and ipsilateral (blue 272 
dotted line) eye stimuli in a nondeprived mouse (cell 03 and cell 04). The error bar indicates the 273 
standard error of the mean (SEM) in each measurement. The black line indicates spontaneous 274 
activity. 275 
 276 
Figure 3: Shift in the OD index by MD. We recorded the cell’s response from the binocular zone 277 
in the contralateral brain by stimulating the ipsilateral and contralateral eyes individually. We 278 
calculated and added the OD index for the single units. (A) Distribution of OD scores for 38 279 
neurons recorded from a C57/BL6 mouse that underwent MD from P28–P32. (B) Distribution of 280 
OD scores for 38 neurons from a nondeprived C57/BL6 mouse. 281 
 282 
DISCUSSION: 283 
We present a detailed protocol for MD and measuring OD plasticity by single unit recording. This 284 
protocol is widely used in visual neuroscience. Although the MD protocol is not complicated, 285 
there are some critical surgical procedures that must be followed carefully. First, there are two 286 
important details ensuring the quality of the stitching. The suture is sufficiently stable if the 287 
stitches are concentrated in the medial portion of the eyelid. Moreover, 3 μL of glue is applied to 288 
the head of the knot to increase the stability of the knot to prevent eye reopening. Second, some 289 
key steps should be taken to improve wound healing and reduce discomfort. The suture method 290 
is very important for the protocol. Previous studies have proven that a simple continuous 291 
suturing pattern has the benefits of better wound healing and shorter suturing time19-20. The 292 
thread should be thin and stable to avoid causing a large wound and reduce discomfort. A suture 293 
needle with a diameter of approximately 0.25 mm is suitable for suturing and two to three knots 294 
are necessary.  295 
 296 
There are also some key points that need to be paid attention to in the recording. Control of 297 
anesthetic concentration is an important factor in electrophysiological recordings. In 298 
anesthetized animals, the experiment is very easy to control, and the results are highly stable 299 
and reliable. Many previous studies used urethane as an anesthetic. However, it is difficult to use 300 
urethane to control the depth of anesthesia in mice. At lower levels, the mice are not fully 301 
anesthetized, and at higher levels, the mice are prone to death. Isoflurane is more appropriate 302 
as an anesthetic in a mouse study. While it is almost impossible to obtain good neural activity in 303 
the neocortex of mice that are receiving over 1% isofurane21, most V1 neurons have good visual 304 



   

evoked activity at lower levels of isoflurane. Thus, start with a higher concentration of isoflurane 305 
(1%) to anesthetize the mouse, and then reduce the isoflurane (0.5–0.8%) when the mice are 306 
completely anesthetized. Besides, alternating measurements from the deprived eye and the 307 
nondeprived eye can ensure the accuracy of the experimental results. It is not appropriate to 308 
measure one eye’s response many times and then measure the other eye, because the electrode 309 
may move, and the intensity of the cell’s response may change during long-term recordings. 310 
Furthermore, this protocol targets neurons in layer 4, which is the primary thalamo-recipient 311 
layer in V1. But in older mice, which do exhibit OD plasticity primarily mediated by open eye 312 
potentiation, it is better to record in layers 2 or 3, which retain plasticity beyond the critical period. 313 
Therefore, it is important to determine the cortical laminar in recording.  314 
 315 
There are still some limitations in the methods. Calculating a relatively accurate CBI index 316 
requires 4–6 penetrations and more than 30 units because recording too few samples will lead 317 
to inaccurate results. But it is not easy to obtain more than 30 high-quality units from a single 318 
mouse. A better method is to use multiunit recording, which can provide enough units in a single 319 
measurement. In addition, VEP recording and IOI can also be used to measure OD plasticity17-18. 320 
Single unit recording involves the activity of individual neurons, while VEP involves recording the 321 
activity of the sum of neurons near the electrode. But single unit recording data yield no 322 
information on synchronization among neurons, while VEP amplitudes depend on temporal 323 
synchronization among neurons22. A reversal grating is often used for VEP measurement. The 324 
most commonly used reversal frequency is 3–4 Hz. However, the exact value is determined by 325 
the computer refresh rate when presenting the grating. OD plasticity is measured by comparing 326 
the average of VEP amplitudes evoked by the deprived and nondeprived eye. The IOI technique 327 
can effectively detect the blood oxygen level-dependent signal evoked by contralateral and 328 
ipsilateral stimulation. It could show the OD plasticity of a large area in V1.  329 
 330 
In summary, single unit recording and IOI are suitable for acute anesthesia experiments. In the 331 
future, MD and OD plasticity measurements in conjunction will be widely used in the study of 332 
neural plasticity as a experimental method.  333 
 334 
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Editorial and production comments: 

Changes to be made by the Author(s) regarding the written manuscript: 

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: After carefully revising the spelling and grammar issues, we send 

the manuscript to an English editing company for a further revision.  

 

2. Please provide an email address for each author. 

Response: We have provided the email address for all authors in the 

manuscript. 

Ke Chen                   (chenke0703@uestc.edu.cn) 

Yilei Zhao                  (zyl1994@std.uestd.edu.cn) 

Ting Liu                    (631286582@qq.com) 

Zhaohao Su                 (suzhaohao@std.uestc.edu.cn) 

Huiliang Yu                 (434935975@qq.com) 

Leanne Lai Hang Chan        (Leanne.chan@cityu.edu.hk) 

Tiejun Liu                  (liutiejun@uestc.edu.cn) 

Dezhong Yao                (dyao@uestc.edu.cn) 

 

3. Please include a Short Abstract/Summary to clearly describe the protocol 

and its applications in complete sentences between 10-50 words: “Here, we 

present a protocol to …” 

Response: We have included a short Summary to describe the protocol and it’s 

applications in the manuscript. “Here, we present detailed protocols for 

monocular visual deprivation and ocular dominance plasticity analysis, which 

are important methods of studying the neural mechanisms of visual plasticity 

during the critical period and the effects of specific genes on visual 

development”. 

Response to the reviews Click here to access/download;Rebuttal Letter;Response to
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4. Please ensure that the long Abstract is within 150-300 word limit and clearly 

states the goal of the protocol.   

Response: The Abstract is 238 words and we clearly states the goal of the 

protocol. 

 

5. Please format the manuscript as: paragraph Indentation: 0 for both left and 

right and special: none, Line spacings: single. Please include a single line 

space between each step, substep and note in the protocol section. Please use 

Calibri 12 points 

Response: We have changed the format of the manuscript according to the 

Instructions for Authors. 

 

6. Please remove the line header from all the pages of the manuscript. 

Response: We have removed the line header from all the pages. 

 

7. Please ensure that all text in the protocol section is written in the imperative 

tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure 

that,” etc.). The actions should be described in the imperative tense in complete 

sentences wherever possible. Avoid usage of phrases such as “could be,” 

“should be,” and “would be” throughout the Protocol. Any text that cannot be 

written in the imperative tense may be added as a “Note.” However, notes 

should be concise and used sparingly. 

Response: We have changed the inappropriate tone and ensure that all text in 

the protocol section is written in the imperative tense. 

 

8. The Protocol should contain only action items that direct the reader to do 

something. 

Response: We have revised the protocol according to the requirement. 

 



9. The Protocol should be made up almost entirely of discrete steps without 

large paragraphs of text between sections. Please ensure that individual steps 

of the protocol should only contain 2-3 actions per step. 

Response: We have revised the protocol according to the requirement. 

 

10. Please adjust the numbering of the Protocol to follow the JoVE Instructions 

for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 

if necessary. 

Response: We’ve adjust the numbering of the protocol to follow the JoVE 

Instructions for Authors. 

 

11. Please add more details to your protocol steps. Please ensure you answer 

the “how” question, i.e., how is the step performed? 

Response: We’ve added more details to the protocol steps in the revision 

including all following questions.  

 

1.3: Do you check the depth of anesthesia? 

Response: It is important to maintain a moderate anesthetic concentration in 

animal surgery and recording. We estimate the depth of anesthesia mainly by 

mouse’s respiratory frequency and their response to pinch their hind legs 

according to our experience. In surgery and electrophysiological recording, we 

often check the depth of anesthesia and adjust the anesthetic concentration.  

 

13. 2.1: What kind of deprivation is performed? 

Response: The mouse are performed monocular visual deprivation. The 

protocol of monocular visual deprivation is in part 1 of the protocol.  

 

14. 2.3-2.6: How is this done? 



Reponse: 2.3-2.5. This steps are the most routine operations in mouse 

experiment. So we did not explain it in details. 2.6: We added some explanation 

about how to “fix a bone screw to the skull as the reference”. It included three 

steps. Drill a 1mm1mm hole in the skull above the cerebellum. Affix a small 

bone screw in the hole as the reference electrode and seal the hole with dental 

cement.  

 

15. Please describe the result with respect to your experiment, you performed 

an experiment, how did it help you to conclude what you wanted to and how is 

it in line with the title.  

Response: We have reedited the result part to conclude our experiment, “The 

result shows the response of the V1 neurons to the contralateral eye to a 

stimulus was much stronger than the response of the ipsilateral eye in the 

binocular segment of the nondeprived mouse. However, after 4 days MD in 

critical period, the response of most neurons to stimuli contralateral eye was 

relatively close or weaker than the response to the ipsilateral eye. Therefore, 

the V1 neurons in critical periods have significant OD plasticity. MD alters the 

relative strength of cell’s response by stimulating the contralateral and 

ipsilateral eye”. 

 

16. Please discuss all figures in the Representative Results. However, for 

figures showing the experimental set-up, please reference them in the Protocol. 

Please discuss figures in the order of their numbering. 

Response: We have discuss all figures in the representative results.  

 

17.  Please remove the embedded figure(s) from the manuscript. All figures 

should be uploaded separately to your Editorial Manager account. Each figure 

must be accompanied by a title and a description after the Representative 

Results of the manuscript text.  



Response: We have removed the embedded figure(s) from the manuscript. And 

all figures have been uploaded separately to your Editorial Manager account. 

 

18. Please include all the Figure Legends together at the end of the 

Representative Results in the manuscript text. 

Response: We have include all the Figure Legends together at the end of the 

Representative Results in the manuscript text. 

 

19. Please obtain explicit copyright permission to reuse any figures from a 

previous publication. Explicit permission can be expressed in the form of a letter 

from the editor or a link to the editorial policy that allows re-prints. Please upload 

this information as a .doc or .docx file to your Editorial Manager account. The 

Figure must be cited appropriately in the Figure Legend, i.e. “This figure has 

been modified from [citation].” 

Response: The Figures we used are original, so there are no copyright issue in 

this manuscript.  

 

20. As we are a methods journal, please revise the Discussion to explicitly cover 

the following in detail in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique  

d) The significance with respect to existing methods  

e) Any future applications of the technique  

Response: We have revised the discussion part according to the requirement 

including all the parts mentions above. 



 

21. Please do not abbreviate the journal titles in the references section.  

Response: We have revised the journal titles in the references section 

complying with the requirements of the JoVE journal. 

 

Changes to be made by the Author(s) regarding the video: 

1. The video is not publication grade. This video was delivered at a 16:9 aspect 

ratio, but the visible portion of the video itself is a 4:3 aspect ratio. Future 

submissions should be delivered at a 4:3 aspect ratio so that the video fills the 

entire frame. There should be no wide black borders on the left and right of the 

frame. This video was also encoded as anamorphic, meaning the pixel aspect 

ratio is not 1:1 (i.e. the true pixels are not square). This results in resolution loss, 

and thus quality loss in the video. Future submissions should also have a 

square pixel aspect ratio.  

Response: We have revised and reedited the video according to the 

requirement of the JoVE. 

 

2. Please use the degree symbol and do not use any superscript 0 or o in the 

text. Please use h for hour. Please include a single space between the number 

and the units. 

Response: We have revised and reedited the video according to the 

requirement of the JoVE. 

 

3. Please ensure that the section titles are same in the text and the video.  

Response: We have checked the all section titles to ensure it. 

 

4. For the software steps please include a click by click instruction of how to do 



the procedure. 

 

5. Please ensure that all the result figures are present in both text and the video. 

 

6. 1:05 - There is a typo here. It should read Sterilization. 

 

7. 5:37 onwards… please include video clips of the same. 

 

8. 8:30 - The www.JoVE.com must be removed. 

Response: We have revised and reedited the video according to the 

requirement. 

 

Please upload a revised high-resolution video here: 

https://www.dropbox.com/request/imxx3dKGeoW0IKqY8VgX?oref=e 

Response: We have uploaded a revised high-resolution video. 

 

Reviewers' comments: 

Reviewer #1: 

Manuscript Summary: 

The authors provide a protocol for the standard method of OD experiments in 

mice, as it has been used for at least 23 years. There's nothing innovative in 

the manuscript, but apparently, "novelty is not a requirement", as the reviewer 

invitation informs me. 

The video is concise and clear. There are just a few points that should be fixed 

in the paper: 

 

Major Concerns: 

For both MD and recording, the authors suggest to put the mouse into a 

stereotaxic apparatus. It is vital to add that non-crush ear bars must be used 

http://www.jove.com/
https://www.dropbox.com/request/imxx3dKGeoW0IKqY8VgX?oref=e


(as the authors have apparently done, judging by the video). Otherwise, 

deafening the mouse will interfere with both ocular dominance and its plasticity, 

as Manuel Teichert and colleagues have recently shown in several papers. 

Response: Thanks for your comments. The ear bars have two sides. We 

reedited the video and used the non-crush side of the ear bar to fix the mouse. 

And we also noticed not put so much pressure on its head.    

 

Minor Concerns: 

Introduction: The first paragraph might require a few citations, e.g. to the 

sentence "Many investigations have shown a critical period . . ." 

Response: Thanks for your comments. We have revised and reedited the first 

paragraph. 

 

After having referred to "different animals", it is imprecise to later focus on LGN 

layers and OD columns in the first paragraph, since they don't exist in rodents. 

Maybe just add "in cats" at an appropriate place.  

Response: Thanks for your suggestion. We have reedited and revised the first 

paragraph.  

Response: Thanks for your comments. We have revised and reedited the 

corresponding sentences and paragraph. 

 

Protocol: 

The first sentence doesn't quite make sense. The animals were 28-32 days old 

"on the day of recording from the Institute"? In correcting, please make sure 

that you clarify whether the age is given at MD or at recording. 

Response: P28 is the time for MD. We revised the expression in the manuscript.  



 

1. MD, point 4: From the description of the suturing and knotting, I couldn't do 

it. You might provide an illustration, given that you emphasize the point again in 

the discussion. Another important point: At least in Germany, it is mandatory to 

provide the animal with analgesia (carprofen) on a daily basis until the day of 

recording.  

Response: We have revised the Figure 1A and protocol including the 

description of suturing and knotting and injecting intraperitoneal the mouse with 

buprenorphine SR (1mg/kg).  

 

2. Craniotomy, point 1: Sure that you induce anaesthesia with 0.5% isoflurane? 

Higher concentrations are usually needed for induction, and then you reduce 

isoflurane. 

Response: Actually we use 2% isoflurane to induce anaesthesia, and then use 

1.2-1.5% isoflurane in craniotomy. Finally, we reduce the anaesthesia to 0.5%-

0.8% in electrophysiological recording because V1 cells have good response 

in low isoflurane. We reedit the steps in anaesthesia operation. We have 

revised and reedited the manuscript.  

 

point 2: "Mouse with corneal opacities or signs of infection were excluded from 

further study." First, it should be "mice", and second, as this is a protocol for 

others, it should be "must be excluded" rather than "were excluded". 

Response: Thanks for your suggestion. We have revised the express.  

  

3. Visual stimulation, point 4: Although it is self-understood, it should be added 

that, of course, each eye is stimulated for any recorded neuron. 

Response: Thanks for your comments. We have revised the corresponding 

parts. 



 

Figure 1: The legend does not correspond to the image, as the illustration of 

MD (supposedly Fig. 1A) is missing. 

Response: Thanks for your comment. We have revised the corresponding 

figure and figure legend.  

 

Discussion, line 232: "then, the lids of extra mice should be sutured." I don't 

understand what is meant. 

Response: Thanks for your comment. We have reedited the discussion. 

 

Line 269: "An interesting study showed . . ." Then, of course, it must be cited.  

Response: Thanks for your comments. We have reedited the corresponding 

paragraph.  

 

Line 291: "We could have surveyed a larger range of V1 by IOI; however, the 

experiment is much more complicated." Sorry, but that is most certainly 

nonsense. 

 

Response: Thanks for your comments. We have revised the corresponding 

paragraph. 

 

Reviewer #2: 

Manuscript Summary: 

The author present their protocol of monocular deprivation and in vivo single 

unit recording of visually evoked cortical activity. 

 



Major Concerns: 

Comment 1:  

The first paragraph of the introduction need major editing. There are sentences 

basically discussing the same concept repeatedly thus are very redundant. The 

author described the experiment of Hubel and Wiesel from line 49 to 53 and 

then again describe the consequence of MD in line 54 to 57. Same with the 

LGN experiment. Line 57-59 and line 59-61 deliver the same information so the 

author should combine those into one sentence. The author need to properly 

cite other's work. Especially in sentence like "Many investigations have shown 

a critical period for the visual deprivation effect in different animals." and also 

the LGN work. The author should explain what critical period (CP) is because 

it is a very important concept for ODP. The authors should also pay attention to 

the details of previous work in the field and describe the results more accurately. 

When discussing the work of Hubel and Wiesel, the author state that Hubel and 

Wiesel deprived the animal at various time points and for varying periods of 

time and this deprivation resulted in loss of response to the deprived eye. But 

Hubel and Wiesel also pointed out MD in adult cat cannot induce ODP. Failure 

to mention this important information is misleading to the readers. The authors 

also stated "During this critical period, the deprivation of vision in one eye will 

reduce the intensity of the neural response driven by the deprived eye and 

increase the response driven by the nondeprived eye". Actually in CP animals, 

short term MD leads to reduction of response to the deprived eyes but no 

increase in nondeprived eye yet. This is actually what the author observed in 

their own experiment in Fig 2. 

 

Response: Thanks for your comments. We have reedited and revised the first 

paragraph of the introduction according your suggestion.  

 

Comment 2:  



Fig 1 missing panel A. Fig B, lacking label of x and y axis. 

Response: Thanks for your comments. We revised the Figure 1. 

 

Comment 3:  

The video of the protocol lacks some important steps, such as trim the eyelid, 

monitor the heart rate and degree of blood oxygen saturation. The procedure 

of craniotomy is also not clear enough. This part is better videotaped using 

microscope. 

Response: Thanks for your suggestions. We reedited the video and added 

some important video clip, included trimming the eyelid and doing clear 

craniotomy. We did not monitor the heart rate and degree of blood oxygen 

saturation in the experiment because the anesthesia is easy to control by 

isoflurane. It is important to maintain a moderate anesthetic concentration in 

animal surgery and recording. We estimate the depth of anesthesia mainly by 

mouse’s respiratory frequency and their response to pinch their hind legs 

according to our experience. In surgery and electrophysiological recording, we 

often check the depth of anesthesia and adjust the anesthetic concentration.    

 

Comment 4:  

The first paragraph of the discussion also need major editing. The author here 

mainly discussed some detail for surgical procedure but they should follow a 

clear logic line there. The different points are currently out of order. I suggest 

the author first discuss the details to ensure the quality of suture: trim the eyelid, 

number and position of knots and using 502 glue. Then the detail to improve 

wound healing and reduce discomfort: simple continues suture and size of 

needle. Alternating measurements actually does not belong to surgical 

procedures. So line 226 should not limit the following discussion to surgical 

procedure. 

Response: Thanks for your comments. We have revised the according 

corresponding parts ensure a clear logic. 



 

Response: Thanks very much for your valuable suggestion. We have reedited 

and revised the discussion according to your comments. 

 

Minor Concerns: 

Line 30, "the response of the contralateral eye" should be "the response of the 

cortex to the contralateral eye" 

 

Line 34, "neural circuits" is not a technology 

 

Line 40, "during" should be "between". 

 

Response: Thanks for your comments. We have revised the corresponding 

parts. 

 

Line 90, ointment to eyelid? 

 

Line 101, sterilize the hood twice? 

 

Response: Thanks for your comments. We have revised the corresponding 

parts. 

 

Line 122, what is the temperature of the agarose gel? Will it be too hot for the 

mice? 

 

Response: The temperature of the agarose gel is 40 degree centigrade. It is a 

right temperature for the mice.  

 

Line 127, how to monitor the heart rate and blood oxygen saturation? 

Response: We change the express in the protocols. In fact, we observe the 



breathing of the mouse to see its anesthesia.  

 

Visual Stimulation and Electrophysiological Recording part, what is the 

isoflurane level here? 

 

Response: We start with a higher concentration of isoflurane (1%) to 

anesthetize the mouse, and then you reduce isoflurane (0.5%) when the mice 

were completely anesthetized. 

 

Line 144, what is "block"? 

Response: We change the “block” to “repeat”. 

 

Line 158, how to correlate the visual stimulus with single neuron spike, more 

specifically, how to synchronize the recording with the visual stimulation? 

Response: We use a photoelectric sensor to synchronize the recording with the 

visual stimulation. When the stimuli start, the corner of the screen will flash, 

then the photoelectric will receive the flash and transfer it to a pulse signal. The 

acquisition card will get the signal as a mark.  

 

Line 161 by response strength, do the author mean spike number or spike 

amplitude? 

Response: The response strength is mean spike number.  

 

Fig 2, MD and nondeprivation data are mislabeled in the video 

Response: We have change the mistake in the video.  

 

Line 247, "very popular" feel strange, change to "commonly available"? 

Response: Thanks for your comments. We have revised the corresponding 

parts. 

 



Line257, standard cage? 

 

Response: Enriched environment cages provide increased physical (running 

wheels), social (bigger housing groups), and cognitive (regularly changed 

labyrinths or toys) stimulation compared to the deprived rearing conditions of 

standard cages. In this study, we adopted enriched environment cages for MD 

plasticity during the critical period.  

 

Line 262-263, is this the result of the author's experiment or previous paper? 

Response: We deleted this paragraph. We think it is redundant. 

 

Line 266-270, the sentence "It has been reported that MD in adult mice induces 

OD plasticity." is repeating previous sentence. "OD plasticity is equally robust 

in young adults and mature adults". Please be reminded that the ODP in mature 

adults is observed in EE mice, not normal mice, so this sentence is inaccurate 

and misleading. 

Response: Thanks for your comments. We have remove the corresponding 

sentence. 

 

Line 271, what are tracks? 

Response: We change the “track” to “penetration”. 

 

Line 293-294, the sentence feels strange here. 

Response: We have deleted the sentence here. 


