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SHORT ABSTRACT:  26 
A novel and straightforward variation of the shake-flask method was developed for accurate 27 
lipophilicity measurement of fluorinated compounds by 19F NMR spectroscopy. 28 
 29 
LONG ABSTRACT:  30 
Fluorination has become an effective tool to optimize physicochemical properties of bioactive 31 
compounds. One of the applications of fluorine introduction is to modulate the lipophilicity 32 
of the compound. In our group, we are interested in the study of the impact of fluorination 33 
on lipophilicity of aliphatic fluorohydrins and fluorinated carbohydrates. These are not UV-34 
active, resulting in a challenging lipophilicity determination. Here, we present a 35 
straightforward method for the measurement of lipophilicity of fluorinated compounds by 19F 36 
NMR spectroscopy. This method requires no UV-activity. Accurate solute mass, solvent and 37 
aliquot volume are also not required to be measured. Using this method, we measured the 38 
lipophilicities of a large number of fluorinated alkanols and carbohydrates. 39 
 40 
INTRODUCTION:  41 
Lipophilicity is a key physicochemical parameter of drug molecules which influences the 42 
properties of drug candidates in many aspects, including drug solubility, bioavailability, and 43 
toxicity1. Lipophilicity is measured as the logarithm (logP) of the ratio of compound 44 
concentrations after partitioning between n-octanol and water. Optimal lipophilicity ranges 45 
have been proposed based on statistical data of orally administered drugs, of which the 46 
Lipinski’s “rule of 5’’ is the most famous example2,3. Indeed, controlling lipophilicity has shown 47 
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to be essential for improving the prospect of drug candidates. Increasing drug binding affinity 48 
by elevated lipophilicity has been identified as one of the main problems in drug discovery 49 
projects during the past few decades, leading to increased attrition rates3. Therefore, it has 50 
been suggested that successful drug development is associated with keeping the molecular 51 
lipophilicity of the drug candidates within optimal boundaries during the affinity optimization 52 
process3,4. In that regard, new concepts (such as lipophilic efficiency indices) have been 53 
introduced5,6. 54 
 55 
It is thus of great importance to accurately measure lipophilicity during the drug development 56 
process. Besides, the availability of straightforward methods for lipophilicity measurement is 57 
in demand as fundamental research aims to identify solutions for logP modulation. Currently, 58 
numerous established methods are accessible for lipophilicity determination1. The standard 59 
‘shake-flask (SF)’ method7 and its variations are commonly employed to measure logP values 60 
directly, which in most cases depend on UV-Vis spectroscopy for quantification. The main 61 
disadvantage of this classic SF method is its labor-intensive nature. In addition, the formation 62 
of emulsions may occur, especially for highly lipophilic compounds8,9. Several methods were 63 
developed to circumvent such issues, such as by using flow injection analysis, dialysis tubing, 64 
etc.9,10. However, none of those methods are straightforward or easily applicable in non-65 
specialized laboratories. 66 
 67 
There are also many indirect  methods available for use, such as potentiometric titration11, 68 
electrophoretic methods12,13, RP-HPLC-based chromatographic methods, mass-69 
spectrometry-based methods14, etc. These are indirect methods, as the logP values are 70 
obtained by calibration curves. Among these methods, the RP-HPLC method has been widely 71 
used because it is user-friendly and time-saving. Nevertheless, its accuracy depends on the 72 
training set used to establish the calibration curve, and the estimated lipophilicity depends 73 
on the partition system used13,15. 74 
 75 
There are a number of 1H NMR-based methods reported in the literature for lipophilicity 76 
determination. Mo et al. developed a method for logP measurement using 1H NMR without 77 
deuterated solvents. Water and octanol, as partition solvents, were used as references for 78 
the quantification of solute concentration in each phase16. Herth and co-workers also 79 
reported an approach, by which the partition experiment occurred directly in an NMR tube, 80 
where the NMR data of the bottom D2O aqueous layer were collected before and after the 81 
extraction with 1-octanol, to obtain the distribution coefficient17. In addition, Soulsby et al. 82 
exploited 1H NMR as an analysis tool, determining the amplitude of signals by using complete 83 
reduction to amplitude-frequency table software. The ratio of the amplitudes in both layers 84 
led to the measured partition coefficient18. These methods are relatively simple to use but 85 
often require the calibration of selective pulses and power levels or the use of shaped 86 
gradient pulses to ensure appropriate solvent suppression and signal selectivity. 87 
 88 
Calculated logP (clogP) values for compounds can also be obtained. Several calculation 89 
methods and commercially available software are available. Such clogP values are commonly 90 
used in the pharmaceutical industry when evaluating large numbers of drug molecules. 91 
However, large errors from clogP values are not uncommon19,20. 92 
 93 
The requirements of UV-activity for concentration analysis and the establishment of 94 



  

 

calibration curves for logP calculation impede research progress in this field. In particular, this 95 
is the case for non-UV-active aliphatic compounds. Fluorinated aliphatic moieties have 96 
become increasingly attractive for drug design in recent years, and their influence on overall 97 
lipophilicity of the compound is a research topic in our group21. In addition, 19F is a highly 98 
sensitive NMR-active nucleus, making 19F NMR a useful tool for analyzing fluorinated 99 
compounds. It also has a larger chemical shift range compared to that of 1H. Therefore, it is 100 
worthwhile to develop a straightforward method for logP determination of non-UV-active 101 
fluorinated compounds by 19F NMR spectroscopy. Hence, the overall goal of this method is to 102 
achieve convenient lipophilicity determination of fluorinated compounds. 103 
 104 
The key principle of our 19F NMR-based method is to add a fluorinated reference compound 105 
in the partition experiment (Figure 1)21. Compound X and reference compound (ref) are 106 
partitioned between water and n-octanol. After equilibrating, an aliquot from each phase is 107 
taken into an NMR tube, and 19F NMR experiments are run on both NMR samples. The 108 
intensity of the fluorine peaks is proportional to compound concentration (C) and the number 109 
of fluorine atoms (n) of the compounds. Between compound X and ref, integral ratios can be 110 
obtained for both phases. The ratio in n-octanol layer is defined as ρoct, and ρaq for water layer 111 
(eq. 1). The ratio of ρ values equals the ratio of partition coefficients (P) of compound X and 112 
ref (eq. 2). This leads to the final equation (eq. 4) for logP measurement of compound X. 113 
Therefore, in order to determine the logP value of an unknown compound X, only integration 114 
ratios (ρoct and ρaq) in both layers are needed to be measured by 19F NMR. 115 
 116 
PROTOCOL:  117 
 118 
1. Partitioning 119 
 120 
1.1 Add 4,4,4-trifluorobutan-1-ol (compound X, ca. 6.0 mg) and 2,2,2-trifluoroethanol 121 
(reference compound, ca. 3.0 mg) to a 10 mL pear-shaped flask, dissolve in n-octanol (HPLC 122 
grade, ca. 2 mL), and add water (HPLC grade, ca. 2 mL).  123 
 124 
Note: This experiment is run in triplicate. Compound solubility in water and n-octanol must 125 
be checked. The amount of the compound used for partition must be carefully considered to 126 
avoid oversaturation of the compound in any layer. The mass ratio between compound X and 127 
reference compound ref must also be considered to avoid that the integral ratios of a given 128 
NMR sample are outside a 10/1 to 1/10 range. For example, if there is a difference of <2 logP 129 
units between compound X and ref, optimal mass ratio can assure that integration ratios in 130 
water and 1-octanol NMR samples are within a 10/1 to 1/10 range. In contrast, if an 131 
integration ratio of 50/1 in one layer is obtained, there will be more likely relatively larger 132 
errors in the integration for the peak with lower concentration. The equation below can be 133 
used to predict optimal compound mass ratio:  134 

mX / mref = {(cPX / Pref)-0.5 * (MX/ Mref) * [(1 + cPX) / (1 + Pref)]} / (NX / Nref) 135 
m, mass; M, molecular mass; N, number of F atoms; P, partition coefficients; cP, calculated 136 
partition coefficients. 137 
 138 
1.2 Place the flasks inside a temperature-controlled receptacle above a stirplate, and 139 
connect to a recirculating chiller. Stir the biphasic mixture at 25 °C for 2 h, with stirring speed 140 
set at 600 rpm.  141 



  

 

 142 
1.3 Equilibrate the mixture at 25 °C overnight (ca. 16 h), to allow for complete phase 143 
separation.  144 
 145 
Note: In some cases, the formation of a foam between the n-octanol and water boundary can 146 
be observed. In this case, the mixture was transferred into a 4 mL glass vial and centrifuged 147 
till the disappearance of the foam. The biphasic mixture was then left to equilibrate again at 148 
25 °C overnight. 149 
 150 
2. NMR Sample Preparation 151 
 152 
2.1 Fix the flask to a retort stand with a clamp. 153 
 154 
2.2 Take an aliquot of ca. 0.70-0.85 mL from both water and n-octanol layers, by using 1 155 
mL disposable plastic syringes with long needles.  156 

 157 
2.2.1 For taking the water aliquot, draw ca. 0.02 mL of air into the syringe before putting the 158 
needle into the mixture. While moving the needle through the upper n-octanol layer into 159 
water layer, gently push out the air to prevent n-octanol solution from entering the needle. 160 
 161 
2.2.2 Remove the long needle from the mixture. Discard a small amount of water sample, 162 
leaving ca. 0.6 mL of sample left in the syringe. Carefully wipe the needle with dry tissue, and 163 
inject ca. 0.5 mL of water sample into a clean NMR tube. Quickly close the NMR tube with a 164 
cap. 165 
  166 
2.2.3 For the n-octanol sample, remove the long needle from the n-octanol layer. Discard a 167 
small amount of n-octanol sample, leaving ca. 0.6 mL of sample left in the syringe. Carefully 168 
wipe the needle with dry tissue and inject ca. 0.5 mL of n-octanol sample into a clean NMR 169 
tube. Quickly close the NMR tube with a cap. 170 
 171 
2.3 Visually inspect both n-octanol and water samples for any contamination (e.g., small 172 
droplets of n-octanol in water sample or small droplets of water in n-octanol sample).  173 
 174 
Note: If there is any contamination, the aliquot sample needs to be re-prepared from the 175 
biphasic mixture. As the measurement is done in triplicate, six NMR tubes are obtained. 176 
 177 
2.4 To each NMR tube, add 0.1 mL of a deuterated NMR solvent that is miscible with both 178 
n-octanol and water (e.g., acetone-d6) to enable signal lock during NMR acquisition.  179 
 180 
2.5 For compounds with low boiling points (e.g., <120 °C), seal the NMR tubes using a 181 
blow torch, and, after cooling, invert the tube to check for any leaks. Carefully invert the 182 
sealed or non-sealed NMR tubes 20 times to obtain a homogenous solution for 19F NMR 183 
experiments. 184 
 185 
3. NMR Experiments 186 
 187 
3.1 Run, using standard NMR parameter settings (NS 64, D1 1 s, SW 300 ppm, O1P -100 188 



  

 

ppm), 19F{1H} NMR experiments to identify chemical shifts of 4,4,4-trifluorobutan-1-ol 189 
(compound X) and 2,2,2-trifluoroethanol (reference compound) in both n-octanol and water 190 
NMR samples. 191 
 192 
3.2 Measure the spin-lattice relaxation time (T1) for diagnostic fluorine nuclei by using an 193 
inversion-recovery sequence22. Gauge the level of appropriate pulse delay time (D1, set as ≥ 194 
5*T1) from the obtained T1 values for accurate quantitative NMR integration. 195 

 196 
Note: This is very time-consuming, but a D1 of 60 s for the water phase sample, and of 30 s 197 
for the octanol phase sample, are conservative settings which will safely fulfill the D1 ≥ 5*T1 198 
criterium. 199 
 200 
3.3 Run 19F{1H} NMR experiments again with adjusted parameter settings as follows: a) 201 
use D1 ≥ 5*T1; b) center the frequency offset point (O1P) between the two diagnostic fluorine 202 
signals so both nuclei can be equally excited; c) Set the spectral width (SW) as 300 ppm, but 203 
reduce if a better SNR ratio if needed; d) Set the number of transients (NS) as 64 but increase 204 
if higher SNR is required. 205 
 206 
Note: Non-decoupled 19F NMR experiments can be also used for NMR data acquisition. 207 
However, proton-decoupled 19F NMR experiments are preferred here as it simplifies the 208 
fluorine signals by removing proton-fluorine couplings which also increases signal-to-noise 209 
ratio. We use inverse-gated decoupling to obtain a decoupled spectrum without nOe (nuclear 210 
Overhauser effect) enhancements23. For quantitative integration, a signal-to-noise ratio 211 
(≥300) is desired.24 212 
 213 
4. Data Processing 214 
 215 
4.1 Process the obtained data using ACD/NMR Processor Academic Edition or other 216 
custom NMR processing software. 217 
 218 
4.1.1 Open the NMR data file, then open the pdata folder, followed by folder 1. Delete the 219 
1r file. 220 
 221 
4.1.2 Return to the NMR data file and drag the fid file into the ACD/NMR Processor window. 222 
 223 
4.1.3 Click the WFunctions button, select Exponential, set LB value as 2, and click the OK 224 
button. 225 
 226 
4.1.4 Click the Zero Filling button, increase the Points Count to 4 times of its Original Points 227 
Count by clicking a small button next to the number, and click the OK button. 228 
 229 
4.1.5 Click the Fourier Tr. button. 230 
 231 
4.1.6 Click the Phase button, then click the Mouse Ph. button, click and hold the left mouse 232 
button, move the mouse forward or backward till the major peak of the spectrum is properly 233 
phased.  234 
 235 



  

 

4.1.6.1. Click and hold the right mouse button, move the mouse forward or backward until 236 
the other peak(s) of the spectrum is properly phased. Then unclick the Mouse Ph. button, 237 
zoom into the spectral area with the fluorine peaks, click Fine Tuning, perform the phase 238 
correction if needed as described earlier till all peaks are correctly phased, and then click the 239 
Tick button. 240 
 241 
4.1.7 Click the Baseline button, then the Options button. Select Spectrum Averaging for 242 
Automatic Models, adjust the number of points for Box Half Width if needed (in particular for 243 
spectrum with low S/R ratio), click OK | Auto, and then click the Tick button. 244 
 245 
4.1.8 Click Integration, integrate the diagnostic fluorine peaks, and click the Tick button. 246 
 247 
Note: If the integral curve is not parallel to the baseline, click the Bias Corr. button, and adjust 248 
the tilt and slope until the curve is parallel to the baseline. 249 
 250 
4.2 Obtain the integration ratios from n-octanol and water NMR samples and use in the 251 
logP calculation equation (Figure 1, eq. 4) to obtain the logP value of of 4,4,4-trifluorobutan-252 
1-ol (compound X). 253 
 254 
REPRESENTATIVE RESULTS:  255 
Two sets of data as control experiments are shown in Figure 221. Using 2,2,2-trifluoroethanol 256 
as reference compound, logP values were obtained for 2-fluoroethanol and 3,3,3,2,2-257 
pentafluoropropanol as -0.75 and +1.20, respectively (Figure 2A). Subsequently, the 258 
lipophilicity of 2-fluoroethanol was determined again but with 3,3,3,2,2-pentafluoropropanol 259 
as the reference (using its previous experimentally measured logP value +1.20). The measured 260 
logP value was -0.76, which only had a difference of 0.01 logP units when compared with the 261 
value measured using 2,2,2-trifluoroethanol as reference.  262 
 263 
Likewise, for cis-2,3-difluoro-1,4-butanediol, the difference in measured logP values by using 264 
2-fluoroethanol and its trans isomer is also very small (0.01 logP units, Figure 2B). This 265 
demonstrated that the selection of reference compound does not have impact on the logP 266 
measurement. In addition, a rather small standard deviation (<0.01) indicated good 267 
reproducibility of our method. 268 
 269 
Using our method, a series of compounds with known logP values was measured as shown in 270 
Table 1. The difference between literature data and the values measured using our method 271 
is shown in the last column of the Table. Overall, the experimentally obtained logP values (at 272 
25 °C) have good to excellent accordance with the literature values, which further validated 273 
our method. 274 
 275 
Additional selected examples21 were shown in Figure 3. All these non-UV-active aliphatic 276 
compounds (from fluorinated carbohydrates to fluorohydrins) can be easily measured with 277 
our method.  278 
 279 
FIGURE & TABLE LEGENDS: 280 
Figure 1: Principle of the logP determination method. This figure has been reproduced with 281 
permission from Wiley-VCH Verlag GmbH & Co. KGaA.21. This shake-flask method is based on 282 



  

 

19F NMR spectroscopy. A reference compound is used for partition experiment. Aliquots for 283 
both n-octanol and water phase were taken for NMR experiment. Integration ratios between 284 
reference compound and the compound to be measured are obtained for the determination 285 
of logP value. Detailed mathematical deduction of equations, which leads to the final 286 
equation for measurement, are also given. 287 
 288 
Figure 2: Examples for internal validation21. Two sets of control experiments, using two 289 
different reference compounds to measure logP value of one compound, were conducted. 290 
The logP difference between those experiments is negligible. Standard deviation (<0.01) from 291 
experiments run in triplicate shows good reproducibility of the method. 292 
 293 
Figure 3: Further selected examples of logP measurement using our method. Applying this 294 
method, logP values for 8 fluorinated compounds (such as fluorinated carbohydrates, acyclic 295 
alkanols and conformationally restricted fluorohydrins) were obtained. 296 
 297 
Table 1: Comparison between literature data and the experimental logP values using our 298 
method21. logP values for 14 fluorinated compounds (with known logP data) were measured 299 
using this new method. The reference compounds used for each measurement were also 300 

tabulated. Comparision (logP) between literature values and logP results from our method 301 
demonstrated good accuracy of this method. a2,2,2-Trifluoroethanol (TFE), 2-Fluoroethanol (FE); 302 
bAveraged logP value from at least three experiments; cExperimentally measured logP value by our 303 
method (-0.75) was used as reference. 304 
 305 
DISCUSSION:  306 
The protocol described in the paper is a straightforward method for logP measurement of 307 
fluorinated compounds. This method is applicable to fluorinated compounds with a logP value 308 
from -3 to 3. For more hydrophilic (logP < -3) or lipophilic compounds (logP > 3), this method 309 
can still be used but will require much longer NMR experiment time as extended number of 310 
transients are needed to obtain a good signal-to-noise ratio. Hence, this is a limitation of the 311 
method. There is no requirement for the frequency of NMR spectrometer, as long as the 312 
conditions (NMR parameter settings and sufficient SNR) for quantitative integration are met. 313 
As for any shake flask method, it is critical to avoid oversaturation and contamination during 314 
the layer sampling. 315 
 316 
Compared with previous shake-flask method and its variations, there are several advantages 317 
in our method with respect to existing methods. 1) Measurements of solute mass, volume of 318 
partition solvents and aliquots for NMR sample are not necessary. 2) The compound for 319 
measurement can be impure provided that the fluorine chemical shifts of the impurities are 320 
different from that of the measured compound. 3) Because of the intrinsic compensation 321 
effect when working with the ratio of a ratio, systematic errors are eliminated. 4) This method 322 
is applicable to non-UV-active fluorinated compounds. 5) This method is easy to use with 323 
open-access NMR facilities as no special NMR settings are needed (such as solvent 324 
suppression, applying a small excitation angle, etc.).  325 
 326 
Currently, we are using this method to measure the lipophilicities of fluorinated 327 
carbohydrates, fluorohydrins and fluorinated amides, in order to investigate the influence of 328 
fluorination on lipophilicity and to identify fluorinated moieties with lipophilicity-lowering 329 



  

 

effect. Method development for logP measurement of more lipophilic compounds (logP >3) 330 
and for fluorinated amines is ongoing in our group. 331 
 332 
It can be pointed out that 19F NMR can also be used for critical micelle concentration (CMC) 333 
determination30. 334 
 335 
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Name of Material/ Equipment Company Catalog Number
NMR (400 MHz) with Bruker 5 mm SEF 

probe Bruker n/a
NMR (400 MHz) with Bruker 5 mm 

SMART probe Bruker n/a

DrySyn Snowstorm reactor Asynt ADS13-S

recirculating chiller Asynt n/a

magnetic stirplate Asynt ADS-HP-NT

ACD/NMR processor software ACD/Labs n/a
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Comments/Description

AVIIIHD400

model:Grant-LTC2

ACD/NMR processor academic edition or ACD/Spectrus processor 2015
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Works or Collective Works and (c) to license others to do 
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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. 

 

 

Author License Agreement (ALA)

A New Straightforward Method for Lipophilicity (logP) Measurement 
using 19F NMR Spectroscopy
Zhong Wang, Benjamin F Jeffries, Hannah R Felstead, Neil J Wells, 
Elisabetta Chiarparin, Bruno Linclau

x

x

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_UK.pdf

http://www.editorialmanager.com/jove/download.aspx?id=880331&guid=011e3fbb-24bd-4f7f-9de2-c1aace72f24c&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=880331&guid=011e3fbb-24bd-4f7f-9de2-c1aace72f24c&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT - UK 
 

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

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 
nonexclusive right to use all or part of the Article for the 
noncommercial 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 
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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 
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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.  
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 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 
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 
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discretion andwithout 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 contaminationdue 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 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. 
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Dr Bing Wu 

Review Editor 

JoVE 

08/08/2018 

Dear Dr Wu, 

Resubmission in response to further editorial comments. 

 

We have completed all requested further changes, as listed below: 

1. Generic steps cannot be filmed. All compounds have to be specified for all steps. Please specify compound 

X and reference compound ref in step 1.1. Please also specify the amount of the compounds. 

Answer: this is done (cf steps 1.1, 3.1, and 4.2) 

 

2. Step 4.1.3, 4.1.4: For steps that are done using software, a step-wise description of software usage must 

be included in the step. Please mention what button is clicked on in the software, or which menu items need 

to be selected to perform the step. 

Answer: this has been done 

 

3. Please sign the new Author License Agreement, which is attached to this email. Please upload the full 

agreement to your Editorial Manager account when you submit your revision. 

Answer: this has been done. 

 

We hope that the draft is now satisfactory. 

Yours sincerely, 

 

Bruno Linclau 
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