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24 SHORT ABSTRACT:
25  We present a protocol for using ethanol as a solvent to extract and characterize Taiwanese green
26  propolis that exhibits antibacterial activity.
27
28 LONG ABSTRACT:
29 Taiwanese green propolis is rich in prenylated flavonoids and exhibits a broad range of biological
30 activities, such as antioxidant, antibacterial, and anticancer ones. The bioactive compounds of
31 Taiwanese green propolis are propolins, namely C, D, F, and G. The concentration of propolins in
32 Taiwanese green propolis varies depending on the season and geographic location. Thus, it is
33 critical to establish a standard and repeatable procedure for determining the quality of
34  Taiwanese green propolis. Here, we present a protocol that uses ethanol-based extraction, high-
35 performance liquid chromatography, and an antibacterial activity analysis to characterize
36 Taiwanese green propolis quality. This method indicates that 95% and 99.5% ethanol extractions
37 achieve the maximum dry matter yields from Taiwanese green propolis, thereby yielding the
38 highest concentrations of propolins that have antibacterial properties. According to these
39 findings, the present protocol is deemed reliable and repeatable for determining the quality of
40 Taiwanese green propolis.
41
42  INTRODUCTION:
43  Propolis is a natural resinous mixture produced by the bee species Apis mellifera. Propolis has
44  been widely used since ancient times in folk medicines. A study recently reported that propolis
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is beneficial for preventing microbial infections and inflammation®. Numerous studies have
demonstrated that the main bioactive compounds in propolis are flavonoids, phenolic acid
esters, prenylated p-coumaric acids, and diterpenic acids?3. To date, 10 prenylated flavanone
derivatives from Taiwanese green propolis have been identified through high-performance liquid
chromatography (HPLC)*’. The most abundant among these are propolins C, D, F, and G*>’. The
considerable biological effects of Taiwanese green propolis are correlated with its high content
of propolins®.

The concentrations of bioactive compounds in propolis vary greatly depending on the season and
geographic location from which the propolis is obtained. European propolis mainly contains the
flavonoid aglycone and phenolic acids®. The major bioactive compounds in propolis from Brazil
are prenylated p-coumaric acids, such as artepillin C*°. A study demonstrated that the season is
a critical factor for determining the total propolin content in Taiwanese green propolis!’. The
propolin content in Taiwanese green propolis is highest in summer (May - July) and lowest in
winter!®, The antibacterial property of propolis has been widely considered to be an indicator of
biological activity. Generally, the samples of propolis collected from various regions have
exhibited a similar antibacterial property; for example, it is generally effective against almost all
gram-positive bacteria and exhibits a limited antibacterial effect against gram-negative
bacterial®1%13, Synergistic interactions between the flavonoids in propolis were demonstrated to
have an antibacterial effect!®. Similarly, Taiwanese green propolis was reported to have an
antimicrobial effect against gram-positive bacteria®. Furthermore, a study also identified an
antimicrobial effect from the interactions of propolins in Taiwanese green propolisé.

The characterization of the bioactive compounds in propolis is difficult because its chemical
composition can vary according to its source of origin. Therefore, it is necessary to establish a
feasible and repeatable method for determining the quality of the Taiwanese green propolis.
However, no standard procedure has been established for Taiwanese green propolis extraction
and subsequent functional analysis. Several methods that variously apply organic and inorganic
solvents have been proposed for propolis extraction'®2°, Because propolis is a lipophilic mixture,
studies have demonstrated that organic extraction is better than inorganic extraction®!®1° The
total propolin concentration in Taiwanese green propolis and its antibacterial properties are key
indicators of the quality of Taiwanese green propolis. Thus, the purpose of this study is to present
a protocol for using ethanol as a solvent to extract and characterize the antibacterial properties
of Taiwanese green propolis.

PROTOCOL:

1. Preparation of Ethanol-extracted Compounds

1.1. Weigh 10 g of frozen Taiwanese green propolis, which was collected from beehives in Taiwan
from May to July, and grind it using the spice grinder. Confirm that whole pieces of Taiwanese

green propolis are ground into a fine powder without any large particles.

1.2. Add 100 mL of various concentrations of ethanol (60%, 70%, 80%, 95%, and 99.5%) and water
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to separate flasks and mix each concentration with 10 g of ground propolis.
1.3. Incubate at 25 °C and shake the flask at 250 rpm for 48 h.
1.4. Filter the ethanol extracts through filter paper with a 25 um pore size.

1.5. Reconstitute the filtrates to their original volume (100 mL) with 95% ethanol using a
volumetric flask.

1.6. Store the ethanol extracts at -20 °C.

NOTE: The protocol can be paused here.

2. Preparation of Ethanol Extracts for HPLC

2.1. Concentrate 10 mL of ethanol extracts by vacuum evaporation at 40 °C for 15 min.
2.2. Bake the dry matter at 45 °C for 24 h.

2.3. Reconstitute the dry matter with 10 mL of 95% ethanol.

2.4. Filter 1 mL of ethanol extracts using a sterile syringe filter with a 0.45 um pore size.

2.5. Refilter the ethanol extracts using a sterile syringe filter with a 0.22 um pore size. The filtrate
is collected and can be directly analyzed using HPLC.

3. Analysis of the Propolin Content Using HPLC

3.1. Establishment of standard curves of propolins

3.1.1. Prepare 1 L of the mobile phase of 88.8:11.2 (v/v) methanol:water solution.

3.1.2. Prepare serial dilutions of propolin standard (C, D, F, and G) concentrations (15.625 mg/mL,
31.25 mg/mL, 62.5 mg/mL, and 125 mg/mL, respectively) using the mobile phase solution as a

solvent.

3.1.3. Inject 20 pL of propolin standard concentrations into the reverse-phase column,
sequentially from the low concentration to the high concentration.

3.1.4. Set the HPLC column at 30 °C and the flow rate to 1 mL/min.
3.1.5. Set the wavelength of the UV detector to 280 nm and the recorder time to 20 min.

3.1.6. Analyze the standards at least 3x.
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3.1.7. Plot the measurement response (y-axis) against the concentration (x-axis) using calculation
sheet software, and create a standard curve with the equation and R-square value.

3.2. Analysis of ethanol extracts

3.2.1. Inject 20 uL of the ethanol extracts obtained from step 2.5 into the reverse-phase column.
3.2.2. Set the HPLC column at 30 °C and the flow rate to 1 mL/min.

3.2.3. Set the wavelength of the UV detector to 280 nm and the recorder time to 20 min.

3.2.4. Analyze the standards at least 3x.

3.2.5. Calculate the concentration of propolin in the ethanol extract, using the equation for the
standard curve obtained from step 3.1.7 that uses the peak area for each propolin.

4. Minimum Inhibitory Concentration and Minimum Bactericidal Concentration Analysis

NOTE: The microdilution method is used to evaluate the antibacterial efficacy of ethanol-
extracted propolins from Taiwanese green propolis.

4.1. Preparation of test organisms

4.1.1. Thaw the bacterial strains, Staphylococcus aureus and Escherichia coli, and then, culture
them in tryptic soy broth and nutrient broth, respectively, at 37 °C for 24 h.

4.1.2. Passage the S. aureus using tryptic soy broth and E. coli using nutrient broth for two
generations and, then, calculate colony-forming units by counting individual colonies on an agar
plate.

4.2. Preparation of ethanol extracts for antibacterial activity testing

4.2.1. Concentrate the ethanol extracts obtained from step 1.5 by vacuum evaporation at 40 °C
for 15 min.

4.2.2. Reconstitute the dry matter with dimethyl sulfoxide (DMSO) and adjust the concentration
of the extract to 12.8 mg/mL.

4.2.3. Make a serial dilution (concentrations: 5, 10, 20, 40, 80, 160, 320, and 640 pg/mL) of
ethanol extracts using the broth.

4.3. Minimum inhibitory concentration tests
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4.3.1. Add 10 pL of diluted ethanol extracts ranging from 0.156 to 640.0 pug/mL into a 96-well
plate.

4.3.2. Using broth, adjust the volume to 100 pL, and maintain 5% DMSO in all the dilutions.
4.3.3. Inoculate 100 pL of bacterial culture (1 x 108/mL) into the 96-well plate.
4.3.4. Culture inoculum containing various concentrations of ethanol extracts at 37 °C for 48 h.

4.3.5. Analyze the bacterial growth according to turbidity and using optical density (microplate
reader) at 590 nm to determine the minimum inhibitory concentration (MIC).

4.4. Minimum bactericidal concentration tests

4.4.1. Inoculate 10 pl of liquid culture from each well of the MIC test that exhibited no growth
onto an agar plate.

4.4.2. Incubate at 37 °C for 24 h.

4.4.3. Determine the bactericidal activity by identifying the lowest concentration that revealed
no visible bacterial growth. The concentration that completely eliminates cell growth is
considered to be the minimum bacterial concentration (MBC).

REPRESENTATIVE RESULTS:

Positive representative data for the ethanol extraction are presented in Table 1. The dry matter
yield from Taiwanese green propolis was positively associated with the concentration of ethanol.
The 95% and 99.5% ethanol extracts had the highest dry matter yield from Taiwanese green
propolis. The lowest dry matter yield from Taiwanese green propolis occurred when water was
used as the extraction solvent. These results indicate that an organic solvent, such as ethanol,
performs best for Taiwanese green propolis extraction. The signal of standard propolins C, D, F,
and G was identified and quantified using HPLC (Figure 1a). The signal of propolins in the ethanol
extracts was characterized using individual propolin standards and HPLC (Figure 1b). Normally,
the concentration of propolins (C, D, F, and G) in Taiwanese green propolis is positively associated
with the ethanol concentration during extraction (Table 1). The highest yield of propolins in
Taiwanese green propolis was produced in the 95% and 99.5% ethanol extracts.

Positive representative data for the antibacterial effect of ethanol extracts are presented in Table
2. Antibacterial activity against S. aureus and E. coli in the ethanol extracts were examined. The
average MIC and MBC of ethanol extracts for S. aureus were 10 - 20 pg/mL and 20 pg/mL,
respectively (Table 2). Water extracts did not have antibacterial effects against S. aureus (Table
2). No antibacterial effect on E. coli was observed with either the ethanol or water extracts (Table
2).

FIGURE AND TABLE LEGENDS:
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Figure 1: Identification of propolins in Taiwanese green propolis. These panels show (a)
standards of propolins and (b) the measurement of propolins in Taiwanese green propolis using
HPLC. This figure has been modified from Chen et al..

Table 1: Dry matter yield (%) and propolin content (mg/mL) in Taiwanese green propolis
extracted using various solvents. * 10 g of propolis was extracted using 100 mL of solvent, and
extracts were finally reconstituted to 100 mL. ** The values are the mean * the standard
deviation (SD). @® Means within a column that have no common superscript are significantly
different (P < 0.05). *** ND = not detected. This table has been modified from Chen et al..

Table 2: MIC and MBC (pug/mL) of various extracts against S. aureus and E. coli. This table has
been modified from Chen et al.2.

DISCUSSION:

A study reported that maceration, using various concentrations of ethanol, could be used for
Brazilian propolis extraction!’; however, the process was time-consuming®’. It took at least 10
days to extract the bioactive compounds, such as phenolic content, from Brazilian propolis'’.
Alternatively, ethanol extraction in combination with heating at 37 °C, 50 °C, or 70 °C for 30 min
has been proposed for extracting Brazilian propolis'®?¥22, It was determined that bioactive
compounds in Brazilian propolis could be differentially extracted depending on the percentage
of ethanol®. The extraction efficiency of bioactive compounds in propolis may vary because of
the different chemical compositions of Brazilian propolis and Taiwanese green propolis. Here, we
provide a reliable and repeatable protocol for extracting Taiwanese green propolis. The bioactive
compounds in Taiwanese green propolis could be harvested within 2 days, using ethanol as a
solvent. A similar finding also supports the protocol presented here and determined that
propolins (C, D, F, and G) from Taiwanese green propolis could be extracted using 95% ethanol
in combination with a 3 day extraction?®. Another study demonstrated that 95% ethanol in
combination with a 21 h extraction was able to harvest propolins from Taiwanese green
propolis?*. However, the exact concentration of propolins after the 21 h ethanol extraction must
be verified. Researchers have proposed that the heating process increases the extraction
efficiency for Brazilian propolis'®?122, Whether propolins from Taiwanese green propolis can be
extracted by heating must be investigated.

The ethanol extracts from Taiwanese green propolis have antibacterial effects against gram-
positive pathogens. Because propolis is hydrophobic, studies have demonstrated that an organic
solvent such as ethanol is a suitable solvent for propolis extraction®1¢-20, Studies have also
demonstrated that an increased ethanol concentration leads to more extracted bioactive
compounds®171820 |n the present protocol, the maximum dry matter yields of Taiwanese green
propolis are observed in the 95% and 99.5% ethanol extracts, as well as the highest concentration
of propolins and antibacterial activity.

The present protocol is designed for Taiwanese green propolis extraction using ethanol, and the
guality assessment is made on the basis of the contents of propolins. However, some ethanol-
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insoluble bioactive compounds in Taiwanese green propolis cannot properly be isolated using
the present protocol.

The most crucial aspect of the method with respect to existing methods is that this method saves
time relative to methods proposed in other studies!”?3, Moreover, the 95% and 99.5% ethanol
extracts of Taiwanese green propolis exhibited a high concentration of propolins and
antibacterial activity.

This approach has direct applications for characterizing other unknown ethanol-soluble bioactive
compounds in Taiwanese green propolis. Additionally, ethanol extracts containing propolins
could be used for determining other bioactivities.

One of the key experimental procedures is ensuring the uniformity of the Taiwanese green
propolis during grinding (protocol step 1.1). Inappropriate grinding of Taiwanese green propolis
can lead to low dry matter yields and propolin content. It is essential to use a proper grinding
apparatus, such as a spice grinder, tissue grinder, or homogenizer, and to take care that the
propolis becomes a fine powder without any large particles remaining after grinding.
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Table 1

Table 1.

Click here to access/download;Table;(0902) Table 1.xIsx %

Solvent*

Yield (%)

Propolin (C+D+F+G)
(mg/mL)

99.5% EtOH
95% EtOH
80% EtOH
70% EtOH
60% EtOH

Water

66.75 + 0.5°**
66.25 + 0.50°
64.75 + 0.96"
63.25+0.96°
59.00 + 1.41°
7.00 +0.82°

36.73 +0.80°
37.55 +1.29°
34.25+0.71°
31.53£0.31°
29.34 +1.59°
ND***
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Table 2
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Table 2.
Staphylococcus aureus Escherichia coli
Extract
MIC (ug/mL) MBC (ug/mL)  MIC (ug/mL)
99.5% EtOH 10 20 > 640
95% EtOH 10 20 >640
80% EtOH 20 20 >640
70% EtOH 10 20 >640
60% EtOH 20 20 >640
Water ND ND ND
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Table of Materials

Name of Material/ Equipment

ethanol
Whatman no. 4 filter paper
methanol
reverse phase RP-18 column
Staphylococcus aureus
Escherichia coli
tryptic soy broth
nutrient broth
dimethyl sulfoxide
spice grinder
microplate Reader
HPLC system
vacuum evaporation

Company

Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Phenomenex Inc.
ATCC
ATCC
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Waring
Molecular Devices
Agilent
BUCHI

Click here to access/download;Table of Materials;(0904) JoVE_Materials.xls

Catalog Number

E7023
WHA1004125
34860
00G-0234-E0
BCRC 10780
BCRC 10675
22092
70122
D2650
WSG60K
EMAX PLUS
1200 Series
Rotavapor R-215

Comments/Description

*
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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
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of the Article, and in which the Author may or may not
appear.

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.

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

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of 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.

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

CORRESPONDING AUTHOR
Name: .
7{4/ Hf ;anﬁ/ Yq
Department: U ) . i i ,
De partipent o‘f brotech nelog) and Srioma [ Scence
Institution: ' 7 v/
Nt M/ (lak  (Jnyeysizy
Title: //v'&/sgo}/ /
Signature: ”W{}/‘;ﬂ Date: e/ 8- 7\ A

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter

Click here to access/download;Rebuttal Letter;(0914)
Response to Reviewers.docx

Thank you for your helpful comments. We have revised our manuscript accordingly
and feel that your comments helped clarify and improve our manuscript. Please find
our response (in bold) to reviewer’s specific comments below.

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.

Answer: This manuscript has been edited by Wallace Academic Editing.

2. JoVE cannot publish manuscripts containing commercial language. This includes
company names of an instrument or reagent. Please remove all commercial
language from your manuscript and use generic terms instead. All commercial
products should be sufficiently referenced in the Table of Materials and Reagents.
Examples of commercial language in your manuscript include Whatman, etc.
Answer: Modified as suggested.

3. Step 3.7: Please add more details. How to establish the curve? Calculation step
cannot be filmed unless there is a graphical user interface.

Answer: Modified as suggested. Please see step 3.1 to 3.2. Generally, we use
Microsoft Excel software for calculation.

4.  Unfortunately, there are a few sections of the manuscript that show significant
overlap with previously published work. Though there may be a limited number
of ways to describe a technique, please use original language throughout the
manuscript. Please check the iThenticateReport attached to this email and revise
lines 28-31, 42-49, 52-56, 60, 64, 190-200.

Answer: Modified as suggested.

I+
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Terms and Conditions
INTRODUCTION

1. The publisher for this copyrighted material is Elsevier. By clicking "accept" in connection
with completing this licensing transaction, you agree that the following terms and conditions
apply to this transaction (along with the Billing and Payment terms and conditions
established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).
GENERAL TERMS
2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.
3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as
follows:
"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with
permission from Elsevier."
4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.
5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier at permissions@glsevier.com). No modifications can be made
to any Lancet figures/tables and they must be reproduced in full.
6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.
7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.
8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions. If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
and publisher reserves the right to take any and all action to protect its copyright in the
materials.
9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.
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10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.
11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.
12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).
13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.
14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:
15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.
16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.
Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).
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Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

e immediately
o via their non-commercial person homepage or blog
o by updating a preprint in arXiv or RePEc with the accepted manuscript
o via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
o directly by providing copies to their students or to research collaborators for
their personal use
o for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement
o After the embargo period
o via non-commercial hosting platforms such as their institutional repository
o via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

¢ link to the formal publication via its DOI

e bear a CC-BY-NC-ND license - this is easy to do

 if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.
Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
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formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the above:
Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:
Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
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