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SUMMARY:

This purpose of this study is to establish and validate an animal model for research in the
recovery and sequela stages of brain ischemia by testing brain infarction and sensorimotor
function after middle cerebral artery occlusion/reperfusion (MCAO/R) after 1-90 days in
rats.
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ABSTRACT:

The purpose of this study was to establish and validate an animal brain ischemia model in
the recovery and sequela stages. A middle cerebral artery occlusion/reperfusion (MCAO/R)
model in male Sprague-Dawley rats was chosen. By changing the rat’s weight (260-330 g),
the thread bolt type (2636/2838/3040/3043) and the brain infarct time (2-3 h), a higher
Longa’s score, a larger infarct volume and a greater model success ratio were screened
using the Longa’s score and TTC staining. The optimum model condition (300 g, 3040 thread
bolt, 3 h brain infarct time) was acquired and used in a 1-90 day observation period after

A A D D D B W W
a A W N B O © ©


https://www.editorialmanager.com/jove/download.aspx?id=1096626&guid=2e69490f-7677-4d99-934d-0f3e50307971&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1096626&guid=2e69490f-7677-4d99-934d-0f3e50307971&scheme=1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

reperfusion via assessment of sensorimotor functions and infarct volume. At these
conditions, the bilateral asymmetry test had a significant difference from 1 to 90 days, and
the grid-walking test had a significant difference from 1 to 60 days; both differences could
be a suitable sensorimotor functional test. Thus, the most appropriate condition of a novel
rat model in the recovery and sequela stages of brain ischemia was found: 300 g rats that
underwent MCAO with a 3040 thread bolt for a 3 h brain infarct and then reperfused. The
appropriate sensorimotor functional tests were a bilateral asymmetry test and a
grid-walking test.

INTRODUCTION:

Brain ischemia is divided into three stages with different post-stroke indicators: the acute
stage (within 1 week), the recovery stage (1 week to 6 months), and the sequelae stage
(more than 6 months). Presently, most studies focus on the acute stage of brain ischemia
because of its significant effect and multi-relative research models!3. However, the recovery
and sequelae stages of brain ischemia cannot be ignored due to their long-term
complication of disabilities. Therefore, the purpose of this study is to explore a stable,
reliable and relatively simple animal model to research the recovery and sequela stages of
brain ischemia.

Among the many experimental brain ischemia models, we use middle cerebral artery
occlusion (MCAO) via thread bolt insertion into the right middle cerebral artery (MCA). This
model is similar to human stroke, which can produce larger infarct volumes, result in many
behavioral disorders related to stroke, and can allow blood reperfusion (R) by removing the
thread bolt*®. MCAO/R is also considered the gold standard animal model of brain ischemia’.
Furthermore, the severity of the brain injury depends on the diameter and the insertion
length of the thread bolt, the duration of brain ischemia, and the animal weight (larger rats
have bigger brains and thicker cerebral vessels)®. Therefore, by changing the thread bolt
type, the infarct time, and the rat weight, a suitable model can be found for the recovery
and sequela stages of brain ischemia in MCAO/R rats. To validate the rat model, we
performed a 1-day, 35-day, 60-day, and 90-day study of the MCAO/R model using TTC
staining and sensorimotor function experiments (a bilateral asymmetry test, a grid-walking
test, a rotarod test and a lifting rope test).

PROTOCOL:

The procedure and use of animal subjects have been approved by the National Institute of
Health for the care and use of laboratory animals. This protocol is specifically adjusted for
the tests of middle cerebral artery occlusion/reperfusion (MCAO/R) and sensorimotor
function.

1. Experimental design and grouping

1.1. Use a rat MCAO/R model to screen a rat brain ischemic model method with more
severe brain injury and greater model success ratio using Longa’s score and TTC staining.
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1.1.1. Perform the experiment on male Sprague-Dawley rats weighing 260-330 g that are
7-9 weeks of age. The real rat weight is 275 + 15 g for 275 g, 300 £ 10 g for 300 g, and 320 +
10gfor320g.

1.1.2. Use the following seven groupings (weight, thread bolt type, infarct time): group 1
with 15 rats (275 g, 2636, 2 h); group 2 with 15 rats (275 g, 2636, 3 h); group 3 with 15 rats
(275 g, 2838, 2 h); group 4 with 15 rats (275 g, 2838, 3 h); group 5 with 13 rats (300 g, 3040,
3 h); group 6 with 10 rats (320 g, 3040, 3 h); group 7 with 13 rats (300 g, 3043, 3 h).

1.2. Study the brain recovery status by TTC staining, and use suitable sensorimotor function
tests to indicate the long-term functional deficits by the bilateral asymmetry test,
grid-walking test, rotarod test and lifting rope test after 1, 35, 60, 90 days of MCAO/R.

1.2.1. Use male Sprague-Dawley rats weighing 300 £ 10 g that are 8-9 weeks of age.

1.2.2. Use the following five groupings: a control (normal) group with 20 rats; a 1 day
group with 16 rats; a 35 day group with 16 rats; a 60 day group with 17 rats; and a 90 day
group with 19 rats.

1.3. After the Longa’s score in step 1.1 or sensorimotor functional tests in step 1.2,
anaesthetize and decapitate all rats for TTC staining.

2. Establishment of a unilateral MCAO/R model in rats®

NOTE: During the operation, use the microforceps gently to prevent breakage of the blood
vessel. Avoid damage to the nerves and other blood vessels in the neck of the rat when the
vessel is isolated.

2.1. Throughout the surgery, maintain the body temperature of the rats at 37.0 £ 0.5 °Cin a
small animal thermostat. Prepare four 6 cm 5-0 sutures.

2.2. Set the oxygen flow rate of a small animal anesthesia machine at 0.4-0.6 L/min and the
concentration of isoflurane to be 5%. Place the rat in the anesthesia machine.

2.3. After the animal has fainted, place the rat on a surgical fixing table. Connect the mouth
of the rat to the mask of the anesthesia machine (the oxygen flow rate remains unchanged;
adjust the concentration of isoflurane to be 3%). Confirm that the animal has entered deep
anesthesia by observing a lack of extremity tension, corneal reflexes, and pain.

2.4. Fix its limbs to lie on the operating table with paper bandages (or other tools).

2.5. Remove the neck coat with an electric shaver and sterilize with 75% alcohol. Fix the
mouth of the rat with a hook.
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2.6. Cut 2-3 cm along the central longitudinal shape of the neck with ophthalmic scissors.

2.7.Separate the common carotid artery. Separate the subcutaneous muscle with
ophthalmic forceps. After separating the anterior muscle of the trachea, separate along the
right sternocleidomastoid tendon until the carotid sheath is visible. Then expose the
common carotid artery.

2.8. Isolate the common carotid artery, the external carotid artery and the internal carotid
artery with ophthalmic forceps. Ligate the common carotid artery (hard knot), external
carotid artery far from the heart end (hard knot), and internal carotid artery (loose knot)
with 5-0 sutures. Line the external carotid artery near the heart end with 5-0 sutures.

2.9. Insert a thread bolt. Cut a small opening in the external carotid artery using ophthalmic
scissors and gently insert a thread bolt. Ligate the suture of the external carotid artery that
has been in loose knot and cut off the external carotid artery.

2.9.1. Loosen the loose knot of the internal carotid artery and continue inserting the
thread bolt to the beginning of the middle cerebral artery (suture marked). Then cut off the
exposed thread bolt.

2.10. After the ischemic time is reached (2-3 h), fix the fracture of the external carotid
artery with one microforceps, and gently pull out the thread bolt with another microforceps.
When the front end of the thread bolt is completely withdrawn from the internal carotid
artery, ligate the external carotid artery that was lined with 5-0 sutures, and then pull out
the thread bolt completely.

2.11. Loosen the common carotid artery, and daub ~50,000 U of penicillin sodium
powder on the surface of the wound to prevent infection. Suture subcutaneous muscles and
skin with 4 sutures.

2.12. Give ~0.2 mL of water to the rat orally using a 1 mL syringe to prevent
postoperative water shortage after placing the rat back to the cage.

2.13. Choose the animals after 24 hours of reperfusion according to the Longa’s score?°,
Select animals with a Longa’s score of 1-3 for the next TTC staining in step 1.1, and animals
with a Longa’s score of 2-3 score for the 1, 35, 60, 90 days study in step 1.2.

NOTE: Longa’s scorel®: 0 score, no neurological deficit; 1 score, failure to extend left
foreclaw; 2 score, circling to the left; 3 score, falling to the left; 4 score, cannot walk
spontaneously and has a depressed consciousness.

2.14.  Analyze the Longa’s score by one-way ANOVA. Values shown represent mean + S.D.
P < 0.05 indicate difference.
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3. TTC staining

NOTE: The rat brain slice mold and blade must be pre-cooled in a -20 °C refrigerator before
use to prevent adhesion caused by a large temperature difference. During staining, prevent
adhesion between the brain slices and the culture plate, which can result in insufficient
staining.

3.1. Anesthetize the rat by intraperitoneal injection of 400 mg/kg chloral hydrate after the
Longa’s score in step 1.1 or sensorimotor functional tests in step 1.2.

3.2. Decapitate the rat with surgical scissors or with a rat decapitation apparatus. Remove
the brain with surgical scissors and hemostatic forceps.

3.3. Put the brain in the refrigerator at -20 °C for 30 min to facilitate slicing.

3.4. Remove the brain from the refrigerator and place it in pre-cooled rat brain slice mold.
Cut the brain into six 2-mm-thick consecutive sections with a pre-cooled blade.

3.5. Stain the sections with 2% 5-triphenyl-2H-tetrazolium chloride (TTC) in a 6-well culture
plate.

3.6. Culture the sections for 30-60 min at 37 °C in a shaking bed. Flip the sections every 10
min until the brain ischemia area and the normal area are clearly white and red.

3.7. Line the brain slices vertically in order from the back to the front of brain. Use a ruler to
ensure that the total length of each line is same. Take pictures with digital camera.

3.8. Analyze the infarct volume.

3.8.1. For defect modification, open the software and adjust the brightness with the
Contrast Enhancement tool, so that the background is black.

3.8.2. Use the Median tool in Filter to remove the highlights.

3.8.3. Calculate the left (normal) brain area. Select color using Segmentation and adjust
the value of | so that the brain slices are separated from the black background. Return to
Count/Size and click on Count | Split Objects in Edit to separate the brain from the midline.
The software will automatically distinguish the left and right brain areas.

3.8.4. Calculate the right infarct brain area. Select Count/Size and click on Draw/Merge
Objects tool in Edit. Manually select the ischemic area and click Count to calculate the
ischemic area.
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3.8.5. Calculate the right health brain area. After step 3.8.3, the software will
automatically distinguish the left and right brain areas. Click on the Draw/Merge Objects
tool in Edit and then manually select the right heathy area. Click Count to calculate this
area.

3.9. Calculate the infarct volume (%) and infarct and shrink volume (%):
Infarct volume (%) = [right infarct area/(2 x left brain area)] x 100.
Infarct and shrink volume (%) = [(left brain area - right health brain area) / (2 x left brain

area)] x 100.

NOTE: The right brain is the injured part. The data were analyzed by one-way ANOVA.
Values shown represent mean £ S.D. P < 0.05 indicate difference.

4. Assessment of sensorimotor function

NOTE: Rats (300 g, 3040 thread bolt, 3 h brain infarct time) with a Longa’s score of 2-3 were
selected to perform the sensorimotor function experiments from 1-90 days. Keep quiet and
do not disturb the animals during this period of study. The data were analyzed by two-way
ANOVA. Values shown represent mean £ S.D. P < 0.05 indicate difference.

4.1. Bilateral asymmetry test!

4.1.1. Wrap paper tape (5 cm long, 0.8 cm wide) on the saphenous part of each foreclaw
of a rat three times with equal pressure.

4.1.2. For each rat, record the number of times each foreclaw is contacted and tape
removed in 5 min, including unaffected paw times and affected paw times.

4.1.3. After 30 min, repeat steps 4.1.1 and 4.1.2 again.

4.1.4. Calculate the average value of the sensorimotor bias (%):

Sensorimotor bias (%) = (unaffected paw times - affected paw times)/(unaffected paw times
+ affected paw times) x 100

4.2. Grid-walking test

4.2.1. Place the rat in the center of an elevated grid surface platform (area: 1 m?; height:
40 cm) with grid openings of 2.5 cm?.

4.2.2. Push the rat's hips lightly to encourage the rat to traverse the grid surface.

4.2.3. Record the number of foot faults made by the unaffected (right) and affected (left)
limbs and the total step number in 1 min.
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4.2.4. Calculate the error times:
Error times (%) = [unaffected (right) limb - affected (left) limb]/total step number x 100.

NOTE: Total number of steps below 20-step data were removed.
4.3. Rotarod test!%13

4.3.1. Set up the rat rotating bar fatigue apparatus (diameter 90 mm) of rats using the
supporting software to a speed of 13 rpm over a 5 min period on the computer.

4.3.2. Start the computer programs and place the rat on the rotarod rungs at the same
time.

4.3.3. End a trial if the rat falls off the rung or keeps walking for 5 min and record the
rotating time.

4.3.4. Have the rat rest for 30 min.

4.3.5. Repeat steps 4.3.2-4.3.4 twice more and choose the maximum value to be the last
rotating time.

4.4. Lifting rope test'4

4.4.1. Place the lifting rope instrument (70 cm high; the rope is 0.2 cm in diameter and 40
cm long) on the desk.

4.4.2. Have the rat grip the rope with its forelimbs and hang the rat.
4.4.3. Record the time of hanging and calculate the scores.

NOTE: A score of 3: 0-2 s on the rope; A score of 2: 3-4 s on the rope; A score of 1: 5-6 s on
the rope; A score of 0: more than 7 s on the rope.

REPRESENTATIVE RESULTS:

Using the abovementioned procedure for a MCAO/R model with a Longa’s score and TTC
staining, different treatments of average weight (275/300/320 g), bolt types
(2636/2838/3040/3043; Table 1) and ischemic times (2-3 h) and 1 day reperfusion were
used to screen for the optimal brain ischemia model in rats. Model parameters of 300 g
weight, 3040 thread bolt, and 3 h brain infarct time were the most suitable for the largest
cerebral infarction, highest Longa’s score and greatest model success ratio. This was
significantly improved on the conventional treatment of a 275 g weight, 2636 thread bolt,
and 2 h brain infarct time (Figure 1).
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Furthermore, rats with 300 g weight, 3040 thread bolt, 3 h brain infarct time and a 2-3
Longa’s score underwent sensorimotor function tests (a bilateral asymmetry test, a
grid-walking test, a rotarod test, and a lifting rope test) and TTC staining to study the
recovery status of brain ischemia from 1-90 days. The infarct and shrink volume were 23.4%,
19.6%, 16.1% (P < 0.01, compared with the first day) and 15.7% (P < 0.01, compared with
the first day) after 1, 35, 60, and 90 days post MCAQO/R, respectively (Figure 2). On the first
day after MCAO/R, infarct volume was biggest. In time, the infarct volume became smaller
and the shrink volume became larger. The infarct and shrink volume no longer changed
after 60 days of MCAO/R.

The sensorimotor bias in the bilateral asymmetry test, the grid-walking error times in the
grid-walking test and the lifting rope score in the lifting rope test all significantly increased,
while the rotarod time in the rotarod test decreased significantly after 1 day of MCAO/R
(Figure 3), which indicated that all four tests were meaningful in the stage of acute brain
ischemia. However, only sensorimotor bias maintained large functional disorders with a
time-dependent manner after 35, 60 and 90 days of MCAO/R. There were significant
differences of grid-walking error times in the grid-walking test after 35 and 60 days of
MCAO/R. These results indicated that the bilateral asymmetry test and the grid-walking test
could be suitable sensorimotor function tests for the stage of recovery and sequela in rats.

FIGURE AND TABLE LEGENDS:

Figure 1: 300 g weight, 3040 thread bolt, 3 h brain infarct time may be the optimum
condition of the brain ischemic injury induced by MCAO/R. (A, B) Pictures and cartogram
of infarct volume of brain tissue (n = 9-12). (C) Longa’s score (n = 9-12). (D) The statistics of
model success ratio of rats (n = 10-15). Model success ratio = (total number of rats - death
rats after MCAO/R - failure rats after MCAO/R)/total number of rats. Failure rats are the
model rats that do not have a suitable Longa’s score. Error bars represent S.D., *P < 0.05, *P
< 0.01. This figure has been modified from Liu et al.?>.

Figure 2: The infarct and shrink volume gradually decreased from 1 to 90 days after
MCAO/R. (A) The TTC staining of rat brain tissue. (B) The cartogram of infarct and shrink
volume (n = 16-19). Error bars represent S.D., "*P < 0.01 vs. the first day after MCAO/R. This
figure has been modified from Liu et al.*.

Figure 3: Bilateral asymmetry test and grid-walking test were the suitable sensorimotor
function tests in the recovery and sequela stage of brain ischemia. (A) The right limb
tearing favorability in debonding experiment. (B) The grid-walking error times in
grid-walking test. (C) The length of time in rotarod test. (D) The score in lifting rope test.
Error bars represent S.D., n = 15-19, "P < 0.05, ***P < 0.001. This figure has been modified
from Liu et al.>>,

Table 1: Thread blot information. This table has been modified from Liu et al.1>.
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DISCUSSION:

Many models establishing methods and behavioral indicators that are well used in acute
cerebral ischemia may not have significant changes in the recovery and sequela stages of
brain ischemia'®!’. However, the number of patients with brain ischemic in the recovery
and sequela stages is the greatest. It is essential to select a suitable animal model for the
recovery and sequela stages of ischemia stroke.

We use the MCAO/R model in rats to screen the suitable weight of rats (260-330 g), the
type of thread bolt (2636/2838/3040/3043), and the time of brain infarct (2-3 h) for the
most severe infarct injury, a high model success ratio, and visible behavioral indicators,
which will be suitable for the recovery and sequelae stages of brain ischemia.

Rats that weigh 300 g with a 3040 thread bolt and 3 h brain infarct time have larger infarct
volumes, more severe behavioral defects, and a greater model success ratio (Figure 1).
Furthermore, we provided validation methods of this rat model by TTC staining and
sensorimotor function tests (bilateral asymmetry test, grid-walking test, rotarod test and
lifting rope test) 1-90 days after reperfusion. We found that the bilateral asymmetry test
and grid-walking test could be used to research the recovery and sequela stages of ischemia
because the significant differences of these indicators last 90 days and 60 days, respectively.
The larger the infarct and shrink volume is, the more severe the sensorimotor deficits, which
can be seen in Figure 2 and Figure 3.

This method is mainly suitable for brain ischemia caused by MCAO. However, the model has
differences in brain anatomies between humans and rats, such as the grade of collateral
circulation. Another limitation is that white matter recovery cannot be seen by TTC staining.
Further studies of collateral circulation and white matter recovery with MR imaging or other
methods can confirm the predictive value of this model.

The most critical matter is that the skill of creating a MCAO/R model in rats is not easy and
requires practice. Before the experiment, confirm an acceptable and parallel model success
ratio. More instruments and methods are needed to test the sensorimotor function in the
recovery and sequela stages of stroke. If a more difficult task, such as increasing the speed
from 10 to 30 rpm was used, a longer period of deficit may appear in the rotarod test. Other
behavioral tests may be also suitable for this model, such as gait detection. More precise
detection methods should be used for patients in the recovery and sequela stages of brain
ischemia, which can identify the effect of drug or other therapeutic tools.

As a new animal model to study brain ischemia in the recovery and sequela stages, the
method presented here is meaningful and deserves popularization.
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The diameter  The diameter

Recommended
Type of thread bolt of thread bolt weight of rat Level
head
2636 0.26 mm 0.36 mm 250-280 g A4
2838 0.28 mm 0.38 mm 280-350 g A4
3040 0.30 mm 0.40 mm 360-400 g A4
3043 0.30 mm 0.43 mm >400 g A4

Note: A4 level thread bolt is the standard that the head end is hemispherical, the
front end is covered with poly-lysine, marked, sterilized, and buy-on-use without
any treatment (This Table has been modified from Liu et al., 2018).
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Temperature Shaking ng =xp THzZ-C stained evenly and at a
Equipment Factory
Bed constant temperature
Digital Camera Canon 700D For taking pl_ct_ures of TTC
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Electric Shaver Shanghai Yuyan Scientific 30004 Removal of hair from the
Instruments Co., Ltd. neck of rats
Forceps Hamostatic Shanghai Me&'gal device Co., 14 cm Using for brain removing
Image Pro Plus Media Cybernetics Inc. 6.0 Analyze the infarct volume
Software
Isoflurane RW0D Life Science 217170702 Anesthetic gas
Microforceps Shanghal_ Jinzhong Medical 10 cm Vascular micromanipulation
Devices Co., Ltd.
Microshear Shanghal_ Jinzhong Medical 10 cm Vascular micromanipulation
Devices Co., Ltd.
Ophthalmic Forceps Shanghal. Jinzhong Medical 10 cm Auxiliary skin and muscle
Devices Co., Ltd. anatomy
Pphthalmic Scissors Shanghal_ Jinzhong Medical 10 em Using for cutting the skin of
Devices Co., Ltd. neck
. . Shanghai Yuyan Scientific For standard, uniform
Rat Brain Slice Mold Instruments Co., Ltd. 40049 cutting of brain tissue
Rat Rotating Bar Anhui Zhenghua B|qlog|cal To test the sensorimotor
. Instrument and Equipment ZH-300B .
Fatigue Apparatus function
Co., Ltd.
Small Animal Shanghai Yuyan Scientific . .
Anaesthesia Machine Instruments Co., Ltd. ABM3000 A gas anesthetic machine
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Small Animal Beijing Damida Technology DM.7-YLS-20A [temperature constant during
Thermostat Co., Ltd.

operation
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Item 2: Please select one of the following items:

The Author is NOT a United States government employee.

Author(s):

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video of the Article, and in which the Author may or may not
License Agreement, the following terms shall have the appear.

following meanings: “Agreement” means this Article and 2; Background. The Author, who is the author of the
Video License Agreement; “Article” means the article Article, in order to ensure the dissemination and protection
specified on the last page of this Agreement, including any of the Article, desires to have the JoVE publish the Article
associated materials such as texts, figures, tables, artwork, and create and transmit videos based on the Article. In
abstracts, or summaries contained therein; “Author” furtherance of such goals, the Parties desire to memorialize
means the author who is a signatory to this Agreement; in this Agreement the respective rights of each Party in and
“Collective Work” means a work, such as a periodical issue, to the Article and the Video.

anthology or encyclopedia, in which the Materials in their 3. Grant of Rights in Article. In consideration of JoVE
entirety in unmodified form, along with a number of other agreeing to publish the Article, the Author hereby grants to
contributions, constituting separate and independent JOVE, subject to Sections 4 and 7 below, the exclusive,
works in themselves, are assembled into a collective whole; royalty-free, perpetual (for the full term of copyright in the
“CRC License” means the Creative Commons Attribution- Article, including any extensions thereto) license (a) to
Non Commercial-No Derivs 3.0 Unported Agreement, the publish, reproduce, distribute, display and store the Article
terms and conditions of which can be found at: in all forms, formats and media whether now known or
http://creativecommons.org/licenses/by-nc- hereafter developed (including without limitation in print,
nd/3.0/legalcode; “Derivative Work” means a work based digital and electronic form) throughout the world, (b) to
upon the Materials or upon the Materials and other pre- translate the Article into other languages, create
existing works, such as a translation, musical arrangement, adaptations, summaries or extracts of the Article or other
dramatization, fictionalization, motion picture version, Derivative Works (including, without limitation, the Video)
sound recording, art reproduction, abridgment, or Collective Works based on all or any portion of the Article
condensation, or any other form in which the Materials may and exercise all of the rights set forth in (a) above in such
be recast, transformed, or adapted; “Institution” means translations, adaptations, summaries, extracts, Derivative
the institution, listed on the last page of this Agreement, by Works or Collective Works and(c) to license others to do any
which the Author was employed at the time of the creation or all of the above. The foregoing rights may be exercised in
of the Materials; “JoVE” means Mylove Corporation, a all media and formats, whether now known or hereafter
Massachusetts corporation and the publisher of The Journal devised, and include the right to make such modifications
of Visualized Experiments; “Materials” means the Article as are technically necessary to exercise the rights in other
and / or the Video; “Parties” means the Author and JoVE; media and formats. If the “Open Access” box has been
“Video” means any video(s) made by the Author, alone or checked in Item 1 above, JoVE and the Author hereby grant
in conjunction with any other parties, or by JoVE or its to the public all such rights in the Article as provided in, but
affiliates or agents, individually or in collaboration with the subject to all limitations and requirements set forth in, the
Author or any other parties, incorporating all or any portion CRC License.
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https://www.editorialmanager.com/jove/download.aspx?id=1095791&guid=966e4258-bdfc-45d3-abce-0d3d26824e2d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1095791&guid=966e4258-bdfc-45d3-abce-0d3d26824e2d&scheme=1

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

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such 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. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

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

11 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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 expense. All indemnifications provided herein
shallinclude 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.

13. 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.

14. 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.
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Response letter (JOVE60166R3)

Response to Editors:

Changes to be made by the author (s):

1. Please note that the editor has formatted the manuscript to match the journal's style.
Please retain the same. The updated manuscript is attached and please use this

version to incorporate the changes that are requested.

Response: Thanks. The manuscript we revised is the one the editor attached in the email,

which has been formatted.

2. The language in the manuscript is not publication grade. Please employ professional

copy-editing services.

Response: We are very sorry, we have not appropriation budget for this paper for the
employ of professional copy-editing services. However, we will do our best to revise the

paper to make you satisfy.

3. Please add more details to your protocol steps. There should be enough detail in each
step to supplement the actions seen in the video so that viewers can easily replicate
the protocol. 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. See specific comments marked in the attached

manuscript.

Response: We have added all the details in our protocol steps as your suggestions in the

manuscript.

4. Please address specific comments marked in the attached manuscript.

Response: We have addressed all your comments marked in the attached manuscript.

5. Figures: Please include a space between all numbers and the corresponding unit: 15 g,

3 h, etc.
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