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23  SUMMARY:

24  Here, we describe two novel methods of stable intranasal administration under inhalation
25 anesthesia with minimal physical stress for experimental animals. We also describe a method for
26  quantitative evaluation of drug distribution levels in the brain via the nose-to-brain pathway
27  using radiolabeled ['*C]-inulin as a model substrate of water-soluble macromolecules.

29  ABSTRACT:

30 Intranasal administration has been reported to be a potential pathway for nose-to-brain delivery
31  of therapeutic agents that circumvents the blood-brain barrier. However, there have been few
32  reports regarding not only the quantitative analysis but also optimal administration conditions
33 anddosing regimens for investigations of nose-to-brain delivery. The limited progress in research
34  on nose-to-brain pathway mechanisms using rodents represents a significant impediment in
35 terms of designing nose-to-brain delivery systems for candidate drugs.

36  To gain some headway in this regard, we developed and evaluated two novel methods of stable
37  intranasal administration under inhalation anesthesia for experimental animals. We also describe
38 amethod for the evaluation of drug distribution levels in the brain via the nose-to-brain pathway
39  using radio-labeled [**C]-inulin (molecular weight: 5,000) as a model substrate of water-soluble
40  macromolecules.

41  Initially, we developed a pipette-based intranasal administration protocol using temporarily
42  openable masks, which enabled us to perform reliable administration to animals under stable
43  anesthesia. Using this system, [**C]-inulin could be delivered to the brain with little experimental
44 error.
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We subsequently developed an intranasal administration protocol entailing reverse cannulation
from the airway side through the esophagus, which was developed to minimize the effects of
mucociliary clearance (MC). This technique led to significantly higher levels of [**C]-inulin, which
was quantitatively detected in the olfactory bulb, cerebrum, and medulla oblongata, than the
pipette method. This appears to be because retention of the drug solution in the nasal cavity was
substantially increased by active administration using a syringe pump in a direction opposite to
the MC into the nasal cavity.

In conclusion, the two methods of intranasal administration developed in this study can be
expected to be extremely useful techniques for evaluating pharmacokinetics in rodents. The
reverse cannulation method, in particular, could be useful for evaluating the full potential of
nose-to-brain delivery of drug candidates.

INTRODUCTION:

Biomedicines such as peptides, oligonucleotides, and antibodies are considered to have potential
application as novel therapeutic agents for refractory central nervous system disorders that
currently have no curative therapy. However, because most biomedicines are water-soluble
macromolecules, delivery from the blood into the brain via intravenous or oral administration is
extremely difficult due to impedance of the blood-brain barrier (BBB).

In recent years, intranasal administration has been reported to be a potential pathway for nose-
to-brain delivery of therapeutic agents that avoids the BBB'. However, there have been
relatively few reports regarding the quantitative analysis of nose-to-brain pathway delivery®.
Moreover, there have been virtually no reports on established optimal administration conditions
and dosing regimens, such as volume, times, time-periods, and speed, for investigations of nose-
to-brain delivery. The aforementioned deficiencies can be ascribed to the following reasons: (i)
an optimal method of intranasal administration for mice has yet to be established, and (ii)
intranasal administration by pipetting, which is generally used, is typically characterized by
interindividual variation among animals due to mucociliary clearance (MC), thereby often leading
to underestimations of the actual nose-to-brain delivery potential of a particular drug.
Inhalation anesthesia using isoflurane (initiation: 4%, maintenance: 2%) with an inhalation mask
for rodents has gained widespread use, with the aim of reducing or eliminating the pain
associated with surgery performed on experimental animals. The use of masks makes it relatively
straightforward to perform typical drug administration in experimental animals under inhalation
anesthesia via the subcutaneous, intraperitoneal, and intravenous routes. However, in the case
of intranasal administration, the mask needs to be temporarily removed from the animals for
drug administration. With maintenance under 2% isoflurane, animals typically awaken rapidly
from inhalation anesthesia. When the administration volume per dose is large, this could cause
the drug solution to flow from the nasal cavity into the esophagus, and therefore a single large
dose may need to be broken down into multiple smaller doses for intranasal administration to
small animals. As intranasal administration necessitates mask removal for repeated
administration and sufficient time for sustained nasal cavity delivery, there is a high probability
that mice would awaken from anesthesia during the administration procedure. This makes it very
difficult to perform intranasal administration under a stable anesthetic state, and probably
contributes to the observed interindividual variation of nose-to-brain delivery among rodents.
In this study, we therefore developed two novel methods of stable intranasal administration
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under inhalation anesthesia, which impose minimal physical stress on the experimental animals.
For the first method, we used a temporarily openable mask that enables intranasal
administration during inhalation anesthesia. The openable part of the mask incorporates a
silicone plug that can be used in accordance with administration timing to facilitate stable
intranasal administration using a pipette. For the second method, a cannula was surgically
inserted to pass from the esophagus into the nasal cavity, and a syringe pump was then attached
to this so that the drug solution could be directly and reliably delivered into the nasal cavity under
stable inhalation anesthesia. This method can enhance the delivery of drugs into the brain via
the nose-to-brain route, because by substantially minimizing the effects of MC, drug retentively
in the nasal cavity would be improved. In addition, we describe a method for quantitatively
evaluating drug distribution levels (% for the injected dose/g brain) in the brain using radio-
labeled ['*C]-inulin [molecular weight (MW): 5,000] as a model substrate of water-soluble
macromolecules.

PROTOCOL:

This animal study (#AP17P004) was performed in accordance with the guidelines approved by
the Nihon University Animal Care and Use Committee (Tokyo, Japan). This study (#17-0001) was
approved by the Radioisotope Center of the School of Pharmacy, Nihon University.

1. Animals Used for Intranasal Administration Under Inhalation Anesthesia

1.1. House the experimental mice in stainless-steel cages under a 12-h light/dark cycle (light on
8:00 AM-8:00 PM), with a controlled temperature maintained at 23 + 1°C, humidity of 50% *
10%, and ad libitum access to food and water.

1.2. Prior to experimentation, anesthetize the mice via inhalation of 2% isoflurane, following
initiation at a concentration of 4%. Confirm the requisite level of anesthetization by checking for
the disappearance of surface righting.

2. Preparation of the Administration Solution

2.1. Prepare an administration solution of [**C]-inulin (50 uM, 0.5 puCi/mL per mouse) by diluting
in phosphate-buffered saline, and store at 4 °C until use.

3. Intranasal Administrations for Mice
3.1. Micropipette method using a temporarily openable inhalation mask (Figure 1)

Note: This technique is a modification of the intranasal administration protocol using a
micropipette established by Frey et al.3

3.1.1. Fix mice in the supine position on a corkboard by taping their limbs under inhalation
anesthesia with 2% isoflurane (Figure 1A).
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3.1.2. Administer a total volume of 25-uL administration solution to each mouse at 30-s intervals,
via 1- to 2-uL doses alternatively administered into the left and right nostrils while the mice are
fixed under inhalation anesthesia (Figure 1B and C).

3.2. Reverse cannulation method from the airway side through the esophagus (Figure 2)

Note: This technique is a modification of the intranasal absorption protocol for rats established
by Hirai et al.”

3.2.1. Fix mice in the supine position on a corkboard by taping their limbs under inhalation
anesthesia with 2% isoflurane.

3.2.2. Expose the trachea and esophagus by expanding the skin below the throat with forceps
after making a small incision (1.5 cm) with scissors.

3.2.3. Make an incision (1 mm) in the trachea using scissors.

3.2.4. Insert a cannula (internal diameter: 0.58 mm, exterior diameter: 0.965 mm) to a length of
1.2 cm and attach the opposite end of the cannula to the inside of the inhalation mask.

3.2.5. Make an incision (1 mm) in the esophagus using scissors, insert a cannula (internal
diameter: 0.28 mm, exterior diameter: 0.61 mm) to a length of 1.4 cm toward the posterior part

of the nasal cavity, and ligate it (Figure 2A and B).

Note: Procedures 3.2.2 to 3.2.4 were carried out under a stereoscopic microscope at x10
magnification.

3.2.6. Attach a needle (27G x 1/2) to a 1-mL syringe filled with an administration solution and
connect to a programmable micro-syringe pump.

3.2.7. Connect above needle to the cannula that had been inserted into the esophagus at 3.2.5
(Figure 2C).

3.2.8. Administer a total volume of 25 pL [*4C]-inulin solution at a constant rate (5 uL/min) (Figure
2C and 2D).

4. Quantitative Experiment Using Radio-Labeled Water-Soluble Macromolecules (['*C]-inulin)

4.1. Decapitate the experimental mice and open up their craniums, using scissors and from the
side of the medulla oblongata, while taking care not to damage the brains.

4.2. Extract carefully the whole brain by scooping using a micro-spatula from cranium.

4.3. Place a filter paper moistened with saline solution on a Petri dish that is stored on ice.
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4.4. Place the extracted brains on the moistened filter paper.

4.5. Wipe off blood adhering to the surface of the brain with a cotton swab moistened with saline
solution to eliminate at least the influence of [**C]-inulin in the blood on the surface of the brain.

4.6. Dissect brains rapidly, and divide them into three parts: the olfactory bulb, cerebrum, and
medulla oblongata (including the pons).

4.7. Place brain samples in tissue solubilizer at 50 °C for 1 h.
4.8. Add 10 puL of the liquid scintillation cocktail to the brain samples.

4.9. Transfer a 25 pl aliquot of the administration solution dissolved in scintillation cocktail to a
scintillation vial to determine the radioactivity of the applied solution.

4.10. Measure the disintegrations per minute of [**C] radioactivity in the brain sample ([**C] Xbrain)
and the applied solution ([**C] Xin dose) in a liquid scintillation counter equipped with an
appropriate crossover correction for 3H and 4C.

5. Data Analysis

5.1. Calculate the drug distribution levels (%) for the injected dose (ID%) using the following
equation:

ID%/g brain = ([**C] Xbrain/[**C] XN dose) x 100,

where Xprain (dpm/g brain) is the amount of [*C]-inulin measured in the brain tissue and Xin dose
(dpm/25 pL solution) is the concentration of the [**C]-inulin in the solution used for intranasal
administration.

REPRESENTATIVE RESULTS:

Figure 3 shows the [**C]-inulin levels (ID%/g brain) in the olfactory bulb (A), cerebrum (B), and
medulla oblongata (C) obtained using the two types of intranasal administration assessed in the
present study. Intranasal administration using the pipette method enabled delivery of [**C]-inulin
into the brain using openable inhalation masks (Figure 1). Under inhalation anesthesia, the
guantitative results revealed no experimental interindividual variation among the examined
animals, as indicated by the low standard error. When the esophageal reverse cannula nasal
cavity administration method was used to administer [**C]-inulin under inhalation anesthesia
(Figure 2), significantly higher levels of [**C]-inulin were observed in the olfactory bulb (Figure
3A), cerebrum (Figure 3B), and medulla oblongata (Figure 3C), than with the pipette method.
Moreover, within the brain, higher [**C]-inulin levels were detected in the olfactory bulb and
medulla oblongata, which are prominently involved in the nose-to-brain pathway, than in the
cerebrum.
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Figure Legends:

Figure 1: Intranasal administration using a micropipette in conjunction with a temporarily
openable inhalation mask. Photographs showing a fixed mouse (A) with a closed mask before
administration, and (B) close-up and (C) entire views of the opened mask during intranasal
administration using a pipette.

Figure 2: Intranasal administration by reverse cannulation from the airway side through the
esophagus using a syringe pump. Photographs showing (A) surgical area, (B) close-up and (C)
entire views, and (D) scheme of a fixed mouse after two types of cannula had been inserted into
the esophagus and trachea and connected to a micro-syringe in an inhalation mask.

Figure 3: Comparison of [*C]-inulin levels in the olfactory bulb (A), cerebrum (B), and medulla
oblongata (C) following two types of intranasal administration. IN-A and IN-B indicate the
micropipette method (Figure 1) and reverse cannulation method (Figure 2) for intranasal
administration, respectively. Using each method, a total volume of 25 pL of [**C]-inulin (50 pM,
0.5 uCi/mL) was administered. The administration rate of IN-B was 5 puL/min. Each column
represents the mean £ S.E. (n = 4). **p < 0.01 (Student’s t-test)

DISCUSSION:

The nose-to-brain delivery of drugs is expected to have a pronounced effect on central nervous
system disorders because this pathway represents a direct transportation route that bypasses
the BBB. Three different nose-to-brain pathways have been reported to date®. The first is the
olfactory nerve pathway, which passes from the olfactory mucosa in the nasal mucosa to the
forebrain via the olfactory nerve. The second is the trigeminal nerve pathway, which passes from
the respiratory mucosa in the nasal mucosa to the brainstem in the hindbrain via the trigeminal
nerve. The third is the CSF pathway, which is distributed throughout the brain via the CSF. The
nose-to-brain pathway has attracted considerable attention with respect to the administration
of hydrophilic macromolecules, which tend to be impeded by the BBB, and as a means of
delivering biomedicines to the central nervous system®*2, However, few previous studies have
clearly described methods of intranasal administration for small animals in order to verify the
delivery of candidate drugs via the nose-to-brain pathway. Accordingly, there has been very slow
progress in research related to nose-to-brain drug delivery mechanisms using small animals,
which represents a significant impediment in terms of designing nose-to-brain delivery systems
for candidate drugs. Therefore, in this study, we developed two protocols for intranasal
administration under inhalation anesthesia to investigate the distribution of various candidate
drugs, such as biomedicines, that target central nervous system diseases. We also described a
method that can be used for quantitative evaluation.

The method of intranasal administration by pipette using temporarily openable inhalation masks
developed in this study makes it possible to perform reliable administration with animals in a
state of stable anesthesia without awakening, as the masks do not have to be removed (Figure
1). Using this technique, we demonstrated the delivery of a water-soluble macromolecule (inulin;
MW: 5,000) to the brain. As inulin does not penetrate the BBB, it can be used as a marker of
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intravascular volume space (approximately 10-15 ulL/g brain) in the rat brain3. We obtained
excellent quantitative results with little experimental error. The level of [**C]-inulin in the brain
was clearly higher after intranasal administration than after intravenous administration (data not
shown). Accordingly, we established that this technique represents a viable approach for
intranasal administration that enables conventional administration using a pipette while the
subjects remain under inhalation anesthesia (Figure 2). Inhalation anesthesia might affect the
nasal epithelial membrane and, as a result, increase the permeability through the nasal
epithelium. Further studies are required to characterize brain delivery using the reverse
cannulation method under inhalation anesthesia, compared with conventional anesthesia such
as intraperitoneal administration.

We subsequently investigated administration via reverse cannulation from the airway side
through the esophagus, which was developed to minimize the effects of MC. In rats, Hirai’s
method requires surgery to close the esophagus and then to administer from the entrance to the
nose to minimize the MC effect. In mice, it is physically difficult to perform cannulation from the
entrance of the nose, and intranasal administration may cause sneezing. Our reverse cannulation
method connects the cannula directly inserted into the nasal cavity from the esophagus to a
micro-syringe pump, which has the advantage that it is possible to close the esophagus and
airway by surgery and simultaneously perform intranasal administration. Adjustment of the
micro-syringe pump facilitates administration using precise dosing rates and volumes. Using this
technique, we recorded significantly higher levels of the administered hydrophilic
macromolecules in the olfactory bulb, cerebrum, and medulla oblongata of mice than when using
the pipette method (Figure 3). This appears to be because with intranasal administration using a
pipette, the solution is passively administered in accordance with spontaneous respiration, such
that the solution tends to be eliminated toward the trachea and esophagus by MC. In contrast,
with administration into the nasal cavity through an esophageal reverse cannula, the solution is
administered actively using a syringe pump into the nasal cavity. It appears that this approach
substantially increases the retention of the drug solution in the nasal cavity, leading to a higher
distribution levels in the brain. Furthermore, we detected higher levels of the administered
solution in the olfactory bulb and medulla oblongata, which are prominently involved in the nose-
to-brain pathway, than in the cerebrum. Accordingly, we demonstrated that administration into
the nasal cavity through an esophageal reverse cannula is a viable method for evaluating the full
potential of the nose-to-brain delivery of drug candidates.

In conclusion, the two methods of intranasal administration that we developed in this study can
be expected to be extremely useful techniques for evaluating pharmacokinetics in small animals
via the nose-to-brain pathway.
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Name of Reagent/ Equipment Company Catalog Number Comments/Description
ddY mouse Japan SLC, Inc. Male, 4-6 weeks, 20-30 g
Isoflurane Pfizer v002139
Isoflurane setup SHINANO manufacturing CO. LTD. SN-487-OTAir, SN-489-4
Isoflurane mask SHINANO manufacturing CO. LTD. For small rodents
Isoflurane mask (Opneable type) SHINANO manufacturing CO. LTD. Special orders
Anesthesia Box SHINANO manufacturing CO. LTD. SN-487-85-02
Animal experiments scissors-1 NATSUME SEISAKUSHO CO., LTD. B-27H
Animal experiments scissors-2 NATSUME SEISAKUSHO CO., LTD. B-13H
Tweezers-1 FINE SCIENCE TOOLS Inc. 11272-30 Dumont #7 Dumoxel
Tweezers-2 NATSUME SEISAKUSHO CO., LTD. A-12-1
Cannula tube (PE-50) Becton, Dickinson and Company. 5069773 I.D.: 0.58 mm, O.D.: 0.965 mm
Cannula tube (SP-10) NATSUME SEISAKUSHO CO., LTD. KN-392 I.D.: 0.28 mm, O.D.: 0.61 mm
Shaver MARUKAN, LTD. DC-381
Stereoscopic microscope Olympus Corporation SZ61
Needle 27G 1/2 in 13 mm TERUMO CORPORATION NN-2738R
1 mL syringe TERUMO CORPORATION SS-01T
Syringe pump Neuro science NE-1000
Cellulose membrane Toyo Roshi Kaisya, Ltd. 00011090
Micro spatula Shimizu Akira Inc. 91-0088
Micropipette (0.5-10 uL) Eppendorf AG 7368083
Pipette chip Eppendorf AG 0030 000.811
Tape TimeMed Labeling System, Inc. T-534-R For fixing mouse
["C]-Inulin American Radiolabeled Chemicals Inc. ARCO0124A 0.1 mCi/mL
EtOH Wako Pure Chemical Industries, Ltd. 054-00461

Perkin Elmer Life and Analytical Sciences,
Liquid scintillation counter Inc Tri-Carb 4810TR
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ARTICLE AND VIDEO LICENSE AGREEMENT

Novel methods for intranasal administration under inhalation anesthesia to evaluate

Title of Article:

Author(s):

a quantitative permeated drug in the brain via nose-to-brain pathway

Takanori Kanazawa, Ph.D., Mitsuyoshi Fukuda, Naoto Suzuki, Toyofumi Suzuki, Ph.D.

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: | X | Standard Access

Item 2 (check one box):

Open Access

X The Author is NOT a United States government employee.

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

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

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

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

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

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

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

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

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

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

CORRESPONDING AUTHOR:
Toyofumi Suzuki, Ph.D.
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Date:

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

2) Faxthe documentto +1.866.381.2236;

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

Click here to download Rebuttal Letter Resposes to Editors

comments_0727.docx

Responses to the Editor’s comments

Thank you for your very helpful and considered comments. They are much appreciated. We
have completely changed manuscript according to below indications. Please find revised
manuscript, which we trust will prove satisfactory.

1. Some protocol steps need more explanation; see notes in the attached revised manuscript
(there are several outside of the protocol section as well).

Ans: We have completely revised protocol steps according to your attached comment in

revised manuscript. We showed the revised parts by red colored character.

2. Please combine all panels of Figures 1 and 2 into a single file. Note that we don’t have a
size limit, except for the file size.

Ans: We have combined all panels of Figure 1 and 2 into single file.

3. You mention that inulin is ‘a marker of intravascular volume space’; why then remove any
blood vessels at all (Discussion, step 4.4)?

Ans: As you indicated, the expression of removing blood vessels on the surface of the brain
was not appropriate. We carefully wiped off blood adhering to the surface of the brain with a
cotton swab moistened with saline solution to eliminate at least the influence of *C-inulin in
the blood exist on the surface of the brain. Since capillary vessels have a network structure in
the brain, "C-inulin in the blood remaining in the intravascular volume space may be
overestimated as their own brain distribution. In the intravenous administration, the
intravascular volume in the brain can be corrected by measuring the amount of *C-inulin in
the brain. Because inulin is a water-soluble macromolecule, it does not penetrate the BBB
under the normal condition. In the case of nasal administration, it is difficult to distinguish
between inulin amount in the brain and intravascular inulin amount in the brain. Because
there are two pathways in the nose. One is a pathway distributed directly in the brain from
the nose. The other is the pathway transferred from the nose to the blood.

And we have revised 4.4. to “Wipe off blood adhering to the surface of the brain with a cotton
swab moistened with saline solution to eliminate at least the influence of 14C-inulin in the

blood exist on the surface of the brain.”

Thank you very much for your consideration of our revised manuscript. We look forward to

hearing from you at your earliest convenience.

Sincerely
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