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32  Inthis study, we modify an existing experimental method to obtain more reproducible results,
33 by establishing a middle cerebral artery occlusion (MCAQO) mouse model. Oral administration of
34  Glycyrrhizae Radix et Rhizome (GR) methanol extract (GRex), following stroke induction,
35 significantly decreased total infarction volume relative to the untreated control group.
36
37  ABSTRACT:
38 Ischemia followed by reperfusion of cerebral blood flow after a stroke leads to the death of
39  nerve cells and loss of brain tissue. The most commonly used animal model for studying stroke
40 s the middle cerebral artery occlusion (MCAQO) model. Previous research studies have reported
41  different infarct sizes even when the same experimental animal species was used under similar
42  MCAO conditions. Therefore, we developed an improved experimental method to address this
43  discrepancy. Mice were subjected to MCAO using a filament as the occlusion material to mimic
44  human stroke conditions and filament thickness was optimized to establish more reproducible
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infarction volume. Mice treated with a methanol extract of Glycyrrhizae Radix et Rhizome
(GRex) following stroke induction showed a significantly decreased total infarction volume and
increased number of surviving cells relative to the untreated control group. This modified
experimental protocol successfully and reproducibly demonstrated the beneficial effect of GRex
on ischemic stroke.

INTRODUCTION:

Brain damage caused by ischemia and reperfusion of cerebral blood flow leads to the death of
nerve cells and loss of brain tissue. This type of brain damage continues to increase with the
increasing prevalence of cerebrovascular diseases due to the spread of metabolic diseases such
as obesity, hypertension, and diabetes mellitus2. The absolute number of elderly patients with
stroke has dramatically increased worldwide, and the cost of medical care for these patients,
who are often left with long-term disabilities, is a major societal burden. Therefore, secondary
disabilities should be mitigated as much as possible to reduce the economic burden®?.

The most commonly used rodent model of cerebral infarction is the middle cerebral artery
(MCA) occlusion (MCAQ) model, in which the MCA is occluded with a silicon-coated surgical
suturing filament to block blood flow, causing ischemic stroke®#. Using a filament as the
occlusion material allows the control of occlusion time and permanence by manipulating the
duration of the intra-luminal filament insertion.

Previous studies have shown that even when the same rodent MCAO model is used, the total
volume of cerebral infarction varies between experiments, causing low reproducibility of the
studies. To improve reproducibility, we optimized the thickness of the filament mint used in the
experiment. The results of a preliminary study of the cerebral ischemic period and induced
infarction showed that an ischemic period longer than 60 min allowed the volumetric region of
damaged brain tissue to be observed and quantified.

Glycyrrhizae Radix et Rhizoma (GR), also known as licorice, consists of the dried roots and
rhizomes of Glycyrrhiza uralensis and Glycyrrhiza glabra. 1t has been used in Chinese and
Korean traditional medicine for various purposes including as a food additive and medicinally>~’.
In a previous study®, pre-treatment with GR methanol extract (GRex) showed an anti-apoptotic
effect in MCAO mice, including significant prevention of the decrease in the protein expression
of B-cell ymphoma 2 (Bcl-2) and Bcl extra-large (Bcl-xL). This study was conducted to improve
the reproducibility of the conventional MCAO mouse model by evaluating its efficiency in
determining if post-infarct treatment with GRex effectively reduced the infarct volume in
MCAO-induced cerebral damage

PROTOCOL:
All procedures involving animals were approved by the ethics committee of Pusan National

University (approval number, PNU-2016-1087). A graphical overview of this study is shown in
Figure 1.



89 1. Preparation and Administration of GRex
90
91 Note: The GR used in this study was purchased from a commercial pharmaceutical company.
92
93 1.1. Place 200 g of GR in 2,000 mL of methanol and incubate at room temperature (25 °C) for
94  5days.
95
96 1.2. Filter the mixture using filter paper with 0.26 mm thickness and 5 um pore size, and
97 then remove the supernatant. Add 1,000 mL of methanol to the GR residue and filter again.
98
99 1.3. Combine the two supernatants, filter through filter paper, concentrate under vacuum,
100 and then freeze-dry the residue to produce GRex.
101
102 1.4. Dissolve the GRex in dimethyl sulfoxide (DMSO), dilute with 0.9% physiological saline,
103  and filter through a 0.45 um syringe filter. Then, adjust the final concentration of DMSO to <
104 5%.
105
106 1.5. Administer GRex (300 mg/kg body weight) 1 h after the reperfusion of MCAO via oral
107  gavage. Administer DMSO diluted in physiological saline (10 mL/kg body weight) only to the
108 normal group and control groups, respectively.
109
110  NOTE: The concentration of GRex used in this experiment was determined according to the
111  concentration that was active through our previous study?®.
112
113 2. Mouse Model of MCAO
114
115 2.1. Use male C57BL/6 mice aged 6 weeks and weighing 22-25 g. Provide all animals with
116  free access to standard chow and water, and house them in an environment with controlled
117  temperature (22 + 1 °C) and a 12 h light/dark cycle.
118
119  2.1.1. Divide the mice into groups of six mice each, which should consist of sham-operated
120  normal, control, and GRex treatment groups.
121
122 2.1.2. Perform MCAO surgery (modification of the method of Koizumi et al.®) on the control
123  and GRex treatment groups using a stereo-microscope.
124
125 2.2.  Induce inhalation anesthesia in the mice using 2% isoflurane in 70% N2O and 30% O,.
126  Anesthesia is considered sufficient when the mouse becomes unresponsive to mechanical
127  stimulus applied to its tail. Maintain the body temperature of the mice at 36.5 + 0.5 °C using a
128  body temperature-holding blanket connected to a thermometer.
129
130 2.3. Remove all the hair on the chests and necks of the mice by shaving followed by use of
131  hair removal cream, and then make an incision of approximately 2 cm long with iris surgical
132  scissors in the center of the neck. Carefully isolate the left common carotid artery (LCCA),
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external carotid artery, and the branch of the internal carotid artery from surrounding
connective tissues.

2.4. Ligate the external carotid artery and the common carotid artery with a surgical suture
(4-0 silk suture, half hitch knot) to temporarily block the blood flow into the internal carotid
artery during the operation.

2.5. Insert a silicon-coated nylon suture (8-0 monofilament, 11 mm long) through the
internal carotid artery to the origin of the left MCA. Adjust the thickness of the silicon-coated
part of the filament to a range of 0.10-0.12 mm.

2.6. Measure the decrease in relative cerebral blood flow (rCBF) in the MCA using a laser
Doppler flowmeter. MCAO will be confirmed when the rCBF is maintained at < 20% of the
resting condition values during the entire ischemic period.

2.7.  Fixtheinserted filament to the blood vessel for 2 h while the cerebral artery is occluded,
and then carefully withdraw the filament to restore the blood flow for 22 h of reperfusion.
Suture the skin by sewing at 5 places (3-0 silk suture, two half hitches knot) and allow each
mouse to awaken from the anesthesia.

2.8. Inthe normal group, perform a sham operation following the same procedure above
(until 2.4), with the following exception. Ligate the common carotid artery and suture the
incised muscle and skin.

3. Measurement of Volume of Damaged Brain Tissue

3.1.  After euthanasia of the mice for brain damage measurement with CO; inhalation, excise
the mouse brains 24 h after the onset of MCAQ using iris surgical scissors and angled forceps.

3.1.1. After removing the head using scissors, make an incision in the midline skin of the head
to flip over the skin from the skull.

3.1.2. Break the parietal bones with angled forceps, peeling off dura matter at the same time,
and then isolate the brain carefully from the skull.

3.2.  Cutthe excised tissue into sections (1 mm thick) using a mouse brain matrix, and then
stain the sections for 17 min in a solution of 2% 2,3,5-triphenyltetrazolium chloride (TTC).

3.3.  Fixthe sections in 10% formalin for at least 2 h and then photograph them using a
digital camera. TTC will be observed to stain viable tissue red while the necrotic areas will be

white.

3.4. Analyze and quantify the cerebral infarct area of each section using Imagel.
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4, Hematoxylin and Eosin (H&E) and Cresyl Violet Staining of Histological Sections
4.1.  Euthanize the mice for histological study by CO; inhalation and perfuse them
transcardially with 10 mL of phosphate-buffered saline (PBS), followed by 10 mL of 4%
paraformaldehyde (PFA). Isolate the brain using the same procedure as above (3.1) and
immerse the brain in 10 mL of 30% sucrose overnight.

4.2. Embed the brain tissue in optimal cutting temperature (OCT) compound and slice it
coronally into 15-um-thick sections using a cryostat. Mount the sections on glass slides,

followed by staining with hematoxylin and eosin (H&E) or cresyl violet.

4.3. Immerse the glass slides in 80% ethanol for 1 min followed by staining in hematoxylin
solution for 5 min.

4.3.1. Dip theslidesin 1% acid alcohol twice, immerse in saturated lithium carbonate solution
for 30 s, wash with tap water for 30 s, and then counterstain in eosin solution for 30 s.

4.3.2. Rinse the slides in tap water, soak in 95% and absolute ethanol consecutively.

4.3.3. Air-dry the slides, clear them in xylene for at least 10 min, and then mount the
coverslips using mounting medium.

4.4. Place the glass slides on a slide warmer for at least 1 h, followed by immersion in 50%
ethanol diluted with chloroform overnight.

4.4.1. Stain the slides with 0.1% cresyl violet for 10 min in a 40 °C dry oven.
4.4.2. Immerse in 95% ethanol for 30 min, then dehydrate in absolute ethanol for 2 times.
4.4.3. Clear 2 times in xylene for 5 min, then mount with mounting medium after air drying.

4,5.  Using a microscope, observe the histological changes that occurred after MCAO-induced
brain injury.

5. Statistical Analysis

5.1.  Express the experimental results as means + standard deviation and determine the
statistical significance between the groups using a one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc analysis using a data analysis software.

5.2.  Set the statistical significance at a p-value < 0.05.

REPRESENTATIVE RESULTS:
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In the sham-operated normal group, no cerebral infarct is observed whereas in the control
group, a relatively wide range of damaged areas is observed. In the mice administered 300
mg/kg GRex in the MCAO model group, a statistically significant reduction in damaged area is
observed (Figure 2).

The histological changes are investigated by staining ischemic brain sections with H&E or cresyl
violet. H&E staining provides structural information and specific functional information about
cells%, whereas cresyl violet staining is used to estimate the total number of hippocampal
neurons!!. Thus, H&E or cresyl violet intensity, as measured using Image) software (Figure 3A),
provides an index of cell survival. H&E and cresyl violet staining intensities significantly
decrease in the control group relative to the normal group (Figure 3B, 3C). The GRex-treated
group shows greater histological integrity, implying less neuronal cell death, than the control
group (Figure 3C). These results indicate that GRex has potent neuroprotective effects against
ischemia/reperfusion-induced brain injury.

Figure Legends

Figure 1. Scheme of the middle cerebral artery occlusion (MCAO) model and treatment with
the methanol extract of Glycyrrhizae Radix et Rhizome (GRex). Mice were treated with 300
mg/kg of GRex 1 h after MCAO reperfusion, which was maintained for 2 h. Mice were
euthanized 24 h after the MCAO commenced, and then the harvested brain slices were stored
in a deep freeze for protein assay or stained with TTC solution for infarct measurement.

Figure 2. Representative images of (A) brain sections showing the effects of methanol extract
of Glycyrrhizae Radix et Rhizome (GRex) treatment on post-middle cerebral artery occlusion
(MCAO)-induced brain infarct volumes and (B) single treatment with 300 mg/kg GRex 1 h
after MCAO reperfusion significantly suppressed infarct volumes. Results are presented as
means * SDs. ###p<0.001 vs normal group, **p<0.01 vs control group; n=6 per group.

Figure 3. Representative images of (A) hematoxylin and eosin (H&E)- and cresyl violet-stained
brain sections and (B, C) color intensities, which were used to evaluate the effects of the
methanol extract of Glycyrrhizae Radix et Rhizome (GRex) on the brains of middle cerebral
artery occlusion (MCAO)-injured mice. Histological integrity and tissue damage in mouse brains
were assessed using (B) H&E or (C) cresyl violet staining 1 h post-MCAO reperfusion. Red
staining in H&E-stained sections indicates nuclear damage. Neurons dyed with cresyl violet were
stained purple. The GRex-treated group showed better histological integrity than the control
group did, indicating less neuronal cell death. a, H&E-stained; b, cresyl violet-stained; c and d,
enlargements of a and b, respectively. Results are means * SDs. ###p < 0.001, and *p<0.05 vs
normal and control groups; n = 6 per group.

DISCUSSION:

With the increasing prevalence of metabolic diseases such as chronic hypertension, diabetes,
and hyperlipidemia, which are major risk factors for stroke, stroke prevention and treatment
have become an important area of medical research'>*3, Deficits in language and movement
after a stroke are strongly correlated with the degree of damage to brain tissue'# and result in a
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poor quality of life for patients and their families®>. It is important to use an appropriate animal
model of stroke that involves the same pathological changes as those that occur in human
disease to study the efficacy of drug treatments. The MCAO model mimics thrombotic strokes
by obstructing cerebral arterial vessels. It is commonly used because it is relatively reproducible
and minimally invasive®1°,

However, a comparison of the area of cerebral infarction induced for the same resting time
reported by several researchers, reveals that the total infarction volume varies between
studies. We concluded that this was due to differences in the occlusion materials used and the
surgical procedure. Therefore, although the MCAO rodent model is considered highly
reproducible, it is not always possible to obtain such reproducibility. Therefore, we optimized
the thickness of filaments used in mouse MCAO model through our preliminary study and
previous report8.

The most distinctive result of our preliminary study compared to that of other studies is that
TTC staining did not reveal any cerebral infarction when the ischemia was induced for 60 min
(data not shown). Even following 90 and 120 min of MCAO in the mice, our result showed a
lower infarction volume than that of other research studies. One limitation of this study is that
we have not yet determined the exact cause of these results; however, we are planning to
explore this phenomenon in further studies.

Numerous studies have recently reported that GR or its components have pharmacological
activities including antitumor, antimicrobial, and anti-inflammatory effects?>-?2. A previous
study reported that GRex pre-treatment effectively inhibited the activation of caspase-9 by
upregulating the protein expression of Bcl-2 and Bcl-xL8. However, preventative treatments for
stroke are less clinically relevant than post-stroke treatment.

In this study, which was based on a previous study® evaluated the effectiveness of GRex post-
treatment in an MCAO mouse model. As depicted in the representative results section, GRex
post-treatment showed beneficial effects in reducing total infarction volume and ameliorating
damages to cellular structures in MCAO-induced brain injury in mice. The specific action
mechanisms of GRex on post-ischemic brain injury lacks in this study, but the experimental
protocols used in this study successfully demonstrated the effects of this herbal remedy by
mimicking human effects of a stroke.

Although the experimental results are not observed in this study, the neuronal deficit score
(NDS) was measured in our preliminary experiment and no significant difference was noted
between the control and the GRex-treated groups, which is presumed to have been due to the
short observation time compared to the severity of the stroke. We are planning to observe the
effects of GRex treatment on the NDS over a long period after causing moderate damage.

In conclusion, the neuroprotective effect of GRex treatment in a mouse MCAO model was
demonstrated in this study with good reproducibility. The proteins involved in the underlying
mechanism should be examined in future studies.



308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

DISCLOSURE:
The authors have nothing to disclose.

ACKNOWLEDGMENT:
Not applicable.

REFERENCES:

1. Bejot, Y., Delpont, B., Giroud, M. Rising stroke incidence in young adults: more
epidemiological evidence, more questions to be answered. Journal of the American Heart
Association. 11 (5), 10.1161/JAHA.116.003661 (2016).

2. Hadadha, M., Vakili, A., Bandegi, A.R. Effect of the inhibition of hydrogen sulfide synthesis on
ischemic injury and oxidative stress biomarkers in a transient model of focal cerebral ischemia
in rats. Journal of Stroke and Cerebrovascular Diseases. 24 (12), 2676-2684 (2015).

3. Durukan, A., Tatlisumak, T. Animal models of ischemic stroke. Article in Handbook of Clinical
Neurology. 92, 43-66 (2009).

4. Kim, D. Animal Models of Stroke. Brain and Neurorehabilitation. 4 (1), 1-11 (2011).

5. Rizzato, G., Scalabrin, E., Radaelli, M., Capodaglio, G., Piccolo, O. A new exploration of licorice
metabolome. Food Chemistry. 221, 959-968 (2017).

6. Zhu, Z., et al. Rapid determination of flavonoids in licorice and comparison of three licorice
species. Journal of Separation Science. 39 (3), 473-482 (2016).

7. Ota, M., Mikage, M., Cai, S.Q. Herbological study on the medicinal effects of roasted licorice
and honey-roasted licorice. Yakushigaku Zasshi. 50 (1), 38-45 (2015).

8. Lim, C., et al. Licorice pretreatment protects against brain damage induced by middle
cerebral artery occlusion in mice. Journal of Medicinal Food. 21 (5), 474-480 (2018).

9. Koizumi, J.Y., Nakazawa, T., Ooneda, G. Experimental studies of ischemic brain edema.
Nosotchu. 8 (1), 1-8 (1986).

10. Fischer, A.H., Jacobson, K.A., Rose, J., & Zeller, R. Hematoxylin and eosin staining of tissue
and cell sections. Cold Spring Harbor Protocols. 2008, pdb.prot4986 (2008).

11. Zhu, V., Liu, F., Zou, X., & Torbey, M. Comparison of unbiased estimation of neuronal
number in the rat hippocampus with different staining methods. Journal of Neuroscience
Methods. 254, 73-79 (2005).

12. Alberts, M.J., Ovbiagele, B. Current strategies for ischemic stroke prevention: role of
multimodal combination therapies. Journal of Neurology. 254 (10), 1414-1426 (2007).

13. Pinto, A., Tuttolomondo, A., Di Raimondo, D., Fernandez, P., Licata, G. Cerebrovascular risk
factors and clinical classification of strokes. Seminars in Vascular Medicine. 4 (3), 287-303
(2004).

14. Barlow, S.J. Identifying the brain regions associated with acute spasticity in patients
diagnosed with an ischemic stroke. Somatosensory and Motor Research. 33 (2), 1-8 (2016).

15. Roth, S,, Liesz, A. Stroke research at the crossroads - where are we heading? Swiss Medical
Weekly. 146, w14329 (2016).

16. Feuerstein, G.Z., Wang, X. Animal models of stroke. Molecular Medicine Today. 6 (3), 133-
135 (2000).

17. Herson, P.S., Traystman, R.J. Animal models of stroke: translational potential at present and
in 2050. Future Neurology. 9 (5), 541-551 (2014).



352
353
354
355
356
357
358
359
360
361
362
363

18. Kumar, A., Aakriti, Gupta, V. A review on animal models of stroke: an update. Brain
Research Bulletin. 122, 35-44 (2016).

19. O'Collins, V.E., Donnan, G.A., Howells, D.W. History of animal models of stroke.
International Journal of Stroke. 6 (1), 77-78 (2011).

20.Ji, S., et al. Bioactive constituents of Glycyrrhiza uralensis (licorice): discovery of the
effective components of a traditional herbal medicine. Journal of Natural Products. 79 (2), 281-
292 (2016).

21.Yang, R.,, Wang, L.Q., Yuan, B.C., Liu, Y. The pharmacological activities of licorice. Planta
Medica. 81 (18), 1654-1669 (2015).

22.Yang, R, Yuan, B.C., Ma, Y.S., Zhou, S., Liu, Y. The anti-inflammatory activity of licorice, a
widely used Chinese herb. Pharmaceutical Biology. 55 (1), 5-18 (2017).



Figure 1 Click here to access/download;Figure;Fig 1.TIF =

Fig. 1.

GRex treatment

2h |1h 21 h \

o ™ 1

MCAQO start Reperfusion Euthanize
mﬂ-h\

= 80~ ﬂM

w God |

- ‘ 10 min P’\”ﬂ
20=
0 .-.k.__.—l——_n——-—-n—-i ‘-—-.-'—l—.-



http://www.editorialmanager.com/jove/download.aspx?id=898406&guid=85ad1076-b74e-42a2-aaf7-d56374c055ec&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898406&guid=85ad1076-b74e-42a2-aaf7-d56374c055ec&scheme=1

Figure 2
Fig. 2.
A
Cerbaflum
2 h MCAD - & +
GRex Treat - - +
(300 mgkg)
B0 -
E. 1
140, B
llr!IE 120 ¥ &
E
a 100 - ?_r_
E /
= 80 /
2 i /
5 A _
2 40/ /
preid ]
. .
2 hr MCAD - + +
GRex Treat = = +

(30 rgikg)

Click here to access/download;Figure;Fig 2.TIF %


http://www.editorialmanager.com/jove/download.aspx?id=898407&guid=fa0e76e3-c757-4627-b6db-cc34bf776e84&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898407&guid=fa0e76e3-c757-4627-b6db-cc34bf776e84&scheme=1

Figure 3 Click here to access/download;Figure;Fig 3.TIF =

Fig. 3.

2 h MCAO - + R
GRex Treat 17 - +
B - C 100
3 100 L '§
= i = _ 1001 L
TE @ - x
35 £s ® it
s = = Frrrr
= Eﬂ 5 uw [ rr"
oo = o ED
T 8 R ,'
%é 40 - ‘E@ 40
=20 2 a0
=
o - D
Z h MCAO = 2 h MCAO - + +
GRex Treat - - GRex Treat - - +


http://www.editorialmanager.com/jove/download.aspx?id=898408&guid=0025f8cd-ab72-402c-9414-77b11fda8280&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898408&guid=0025f8cd-ab72-402c-9414-77b11fda8280&scheme=1

Table of Materials

Name of Material/ Equipment

Click here to access/download;Table of
Materials;JoVE_Materials.xIsx

Company
Gwangmyoung Pharmaceuticals Co., Korea
Advantec
Sigma
Sigma
Leica
Nikon
Moor Instrument
Harvard Appratus
Harvard Appratus
Canon
Leica
Carl Zeiss
Systat Software Inc.
NIH Image
Doo Yeol Biotech
JOONGWAE
TROIKAA
AILEE
Baekjae
AILEE

Sigma

L]


http://www.editorialmanager.com/jove/download.aspx?id=898422&guid=cc6c83bb-f6c3-43ac-8fef-977b3e34f58b&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=898422&guid=cc6c83bb-f6c3-43ac-8fef-977b3e34f58b&scheme=1

JUNSEI
YD Diagnostics
MUTO PURE CHEMICALS
Sigma
Sigma-Aldrich
JUNSEI
Scigen
Fine Science Tools
Fine Science Tools
Fine Science Tools
Fine Science Tools
Fine Science Tools
Fine Science Tools
Fine Science Tools

Fine Science Tools

Fine Science Tools



Catalog Number

Filter paper No. 2
D8418-250ML
CLS431220
M50
SMZ745
moorVMS-LDF
34-1352
55-7020
Eos-M2
CM3050S
Zeiss Axio
SigmaPlot version 12
Imagel
Standard rodent chow
A02104781
ISOTROY 100
SK47510
57
NB825

T8877-25G



69360-1263 20KG
EasyStain
3200-2
C5042-10G
P6148-1KG
31365-0350 1KG
4583
10055-12
11241-30
11254-20
11260-20
11274-20
14001-12
14084-08

15371-92

18153-11



Comments/Description
Glycyrrhizae Radix et Rhizoma
Qualitative filter paper
Dimethyl sulfoxide (DMSO)
Syringe filter (0.45 um)
Stereo Microscope
Stereo Microscope
Laser Doppler
Anesthesia Tabletop Bracket with N20&0O2 Flowmeter System
Homeothermic Monitoring System
Digital Camera
Cryostat
Microscope
Data Analysis
Data Analysis
Mouse diet
Isoflurane
Isoflurane
Silk suture (4-0 Black silk)
Silk suture (3-0 White silk)
Nylon suture (8-0 monofilament)

2,3,5-triphenyltetrazolium chloride (TTC)



Formalin (Formaldehyde solution)
Hematoxylin (Harris Hematoxylin)
Eosin (1% Eosin Y Solution)
Cresyl violet (acetate)
Paraformaldehyde
Sucrose
Optimum cutting temperature (OCT) compound
Disecting Knife
#4 Forcep
#5 Forcep
#6 Forcep
#7 Fine Forcep
Surgical Scissors
Extra Fine Bonn Scissors

Moria Pascheff-Wolff Spring Scissors

Vessel Dilating Forcep
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Se *Eun Lee, CA: i yeon

Author(s):

j woQ léim

Item 1 (check one box): TheMAuthor elects to h

Sulm “Cho.

http://www.jove.com/author) via: LJ! Standard Access ;u ]Open Access

Item 2 (check one box):

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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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 proviued 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 ascist 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 tha right ro make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Videc to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all'such rights in the
Video as orovided in, but subject to all limitations and
requirerents set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government amployee 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.5.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 anly 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
anc 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 hreach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless 1oVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach hy the Author of any representation or warranty
cortained herein or from allegations or instances of violation
of intellect sai sroperty 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 loVE, making of videos by JOVE, or publication in
JOVE or eisewhere by JoVE. The Author shall be responsible
for, and shalt 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. Al 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. TIransfer, 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 sign== copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Uplioad a scanned copy of the document as a pfd on the JoVE submission site;

z) texthe document to +1.866.381.2236;

3) Maii the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
Editorial and Reviewers.docx

Response to Editorial and Reviewers’ comments

Editorial and Reviewers’ comments and Changes to be made by the Author(s):

2.2 How is sufficient depth of anesthesia determined?
Response: Corrections done in the manuscript rephrasing more detailed explanation.

2.3 How? Shaving or depilatory cream? What is used for the incision? How large of an incision?
Response: Corrections done in the manuscript rephrasing more detailed explanation.

2.4 What type of suture is used? What type of knot?
Response: Corrections done in the manuscript rephrasing more detailed explanation.

2.7 Suture how?
Response: Corrections done in the manuscript rephrasing more detailed explanation.

2.8 What steps?
Response: Corrections done in the manuscript rephrasing more detailed explanation.

2.9 Is this supposed to be a substep of 2.87?
Response: Yes it is. Corrections done in the manuscript.

3.1 How is euthanasia done?
Response: The sentence was rephrased in the manuscript.

3.1 If this is to be filmed, how is the excision done?
Response: Corrections done in the manuscript rephrasing more detailed explanation.

3.1 For how long?
Response: The sentence was rephrased in the manuscript.

4. |s step 3 and 4 performed on the same mouse? Or is step 3 or step 4 performed on the same
mouse? This is unclear.
Response: No, authors conducted separate sets of experiment for brain damage
measurement (step 3) and for histological study (step 4). Related sentences were
rephrased in the manuscript to avoid confusion.

4.1 Euthanize the mouse again? Mice or mouse?
Response: As depicted above, the related sentence was rephrased.

4.2 How?
Response: As depicted above, the related sentence was rephrased.
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4.3 Please break up these run on sentences.
Response: Corrections done in the manuscript.

Additional change made by the Authors:

1. Several additional materials used in this study were added in accordance with corrections in the
manuscript.

2. The authors invited Dr. Chang-Hyun Kim who assisted Dr. Chiyeon Lim conducting design
experiment using animals to revise this manuscript together. Dr. Chang-Hyun Kim also gave us
many advises on writing terms on animal experiment. Thus, the authors concluded to add Dr.
Chang-Hyun Kim as the co-author.



