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Cover Letter

Dear Editor,

We would like to submit the enclosed manuscript entitled "A Convenient Method for
Catecholamines Neurotransmitters and Their Metabolites Extraction and Analysis with High-pressure
Liquid Chromatography in Infants’Urine", which we wish to be considered for publication in JOVE.

The work described has not been submitted elsewhere for publication, in whole or in part, and all
the authors listed have approved the manuscript that is enclosed.We believe that two aspects of this ma

nuscript will make it interesting to general readers of your journal.

First, we developed a simple and convenient solid-phase extraction coupled to HPLC-ECD for
determination of three monoamine neurotransmitters and two of their metabolites in infants’ urine
simultaneously. The column packed with electrospun nanofibers used to purify the urine sample is

highly effective and selective.

Second, the established method was applied into assessing the differences of urinary
catecholamines between the high-risk infants with perinatal brain damage and healthy controls.
Comparative analysis reveals a significant difference in urinary MHPG between the two groups,
indicating that MHPG may be a candidate marker for early diagnosis of cases at risk for brain damage
in infants. Indicating that the method in the study is suitable for clinical use, and promising in exploring

the early diagnosis of neurosystem diseases of high-risk infants via urine medium.

Thank you very much for your time and consideration.

Sincerely yours,

Li Xie
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SHORT ABSTRACT:

We present a convenient solid-phase extraction coupled to high-pressure liquid
chromatography (HPLC) with electrochemical detection (ECD) for simultaneous determination
of three monoamine neurotransmitters and two of their metabolites in infants’ urine. We also
identify the metabolite MHPG as a potential biomarker for the early diagnosis of brain damage
for infants.

LONG ABSTRACT:

The extraction and analysis of catecholamine neurotransmitters in biological fluids is of great
importance in assessing nervous system function and related diseases, but their precise
measurement is still a challenge. Many protocols have been described for neurotransmitter
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measurement by a variety of instruments, including high-pressure liquid chromatography
(HPLC). However, there are shortcomings, such as complicated operation or hard-to-detect
multiple targets, which cannot be avoided, and presently, the dominant analysis technique is
still HPLC coupled with sensitive electrochemical or fluorimetric detection, due to its high
sensitivity and good selectivity. Here, a detailed protocol is described for the pretreatment and
detection of catecholamines with high pressure liquid chromatography with electrochemical
detection (HPLC-ECD) in real urine samples of infants, using electrospun composite nanofibers
composed of polymeric crown ether with polystyrene as adsorbent, also known as the packed-
fiber solid phase extraction (PFSPE) method. We show how urine samples can be easily
precleaned by a nanofiber-packed solid phase column, and how the analytes in the sample can
be rapidly enriched, desorbed, and detected on an ECD system. PFSPE greatly simplifies the
pretreatment procedures for biological samples, allowing for decreased time, expense, and
reduction of the loss of targets.

Overall, this work illustrates a simple and convenient protocol for solid-phase extraction
coupled to an HPLC-ECD system for simultaneous determination of three monoamine
neurotransmitters (norepinephrine (NE), epinephrine (E), dopamine (DA)) and two of their
metabolites (3-methoxy-4-hydroxyphenylglycol (MHPG) and 3,4-dihydroxy-phenylacetic acid
(DOPAC)) in infants’ urine. The established protocol was applied to assess the differences of
urinary catecholamines and their metabolites between high-risk infants with perinatal brain
damage and healthy controls. Comparative analysis revealed a significant difference in urinary
MHPG between the two groups, indicating that the catecholamine metabolites may be an
important candidate marker for early diagnosis of cases at risk for brain damage in infants.

INTRODUCTION:

Catecholamine neurotransmitters and their metabolite contents in body fluids can affect neural
function and affect the balance of response-to-stimulus states to a large extent!. Abnormities
may cause a variety of diseases, such as pheochromacytoma, ganglioneuroma, neuroblastoma,
and neurological disorders2, The extraction and determination of catecholamines in body fluids
is meaningful to the diagnosis of the relevant diseases. However, catecholamines in biological
samples exist in low concentrations and are easily oxidized. Furthermore, they are very difficult
to elute because of the large amount of interference in the medium3. Thus, simultaneous
detection of catecholamines in biological fluids is still a challenge.

There have been reviews showing that urinary catecholamines can be a measure of stress, and
that their levels are important biological markers responding to tactile stimulation processing in
newborns®. According to the research, all infants who have suffered from premature incidents
are at risk for brain injury*®, and injury may cause abnormal release of catecholamines and
related matters into the fluids. There do exist advanced magnetic resonance techniques that can
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detect brain damage in earlier phases”®. However, within the first 48 h, an abnormal
neurodevelopmental process will cause permanent brain injury that won’t be evident in medical
images!!. Besides, the high cost and scarce instrument resources, along with other factors, makes
it impossible for all neonatal units to have access to these specialized neuro-imaging techniques.
However, the use of an easily approachable and practical biomarker (such as catecholamines and
human fluids may help in the early diagnosis of brain injury and lead to prompt identification of
new-born infants needing neuroprotection®. The catecholamines in urine can be an easy and
obvious index, because of the direct correlation between the amount of them released into fluids
and neuroactivity function.

Among biological fluids, cerebrospinal fluid (CSF) and plasma samples are not easy to get via
existing traumatic procedures, and it is also very difficult to get rid of interference due to
adhesive protein and other impurities, leading to a troublesome and time-consuming sampling
process that is unsuited for repeated detection. Also, for children, it is almost impossible to get
the samples in a traumatic fashion. Therefore, urinary sampling is better than the other forms
of sampling, as it is non-invasive, easy to operate, and can be repeatedly done. Urine samples
are abundant and easy to store, and show great advantages over the other forms of biological
samples.

The main methods to quantify catecholamines in biological fluids include radioenzymic assays'°,
enzyme-linked immune-sorbent assays'?, voltammetry? and thermal lens spectrometry®3. But
shortcomings exist, such as complicated operations and hard-to-detect multiple targets. Today,
the dominant analysis technique is high-performance liquid chromatography (HPLC)*, coupled
with sensitive electrochemical® or fluorimetric detection?®, because of its high sensitivity and
good selectivity. With tandem mass spectrometry technology, such as liquid chromatography
/mass spectrometry (LC/MS) and liquid chromatography/mass spectrometry/mass
spectrometry (LC/MS/MS), the analysis and quantification of the neurotransmitters can achieve
high accuracy and specificity!”*8, However, the MS technique requires expensive
instrumentation as well as substantially qualified manpower, making the method difficult to
apply universally in most conventional laboratories. HPLC-ECD systems are commonly equipped
in most conventional and clinical laboratories, and have thus become a common and good
choice for research groups to use for chemical determination, but they require the sample
introduced into the system to be clean and of microscale volume?®. Thus, it is of great
importance to purify and condense the sample prior to the analysis. The classical method for
the purification step is liquid-liquid extraction'**>2% and off-line solid-phase extraction,
including activated alumina column?%22 and diphenylborate (DPBA) complexation?3-26,
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Myeongho Lee et al. have been using polymer resin chemically modified with crown ether as
the adsorbent to selectively extract catecholamines from human urine since 200727, Also, in
2006, Haibo He et al. demonstrated a facile synthesis approach for boronate affinity extraction
sorbent by utilizing a functionalizable nanomagnetic polyhedral oligomeric silsesquioxane
(POSS) based nanomagnetic composite, and applying it to the enrichment of catecholamines in
human urine (noradrenaline, epinephrine and isoprenaline)?®. They also took advantage of the
nanomaterials to fulfill the work, using a technology called nano-electrospinning and forming
the polymer fibrous material in the nanoscale. The electrospinning process can adjust the
diameter, morphology, and spatial alignment of the product by controlling the working voltage
and changing the content of the spinning solution along with other parameters?®. Compared
with the conventional SPE cartridge, electrospun nanofibers are highly suitable to extract and
enrich target analytes from a complex matrix, as they are equipped with high surface-area-to-
volume ratios to adsorb the analytes with high efficiency, and exhibit more easily-controlled
surface chemical properties, allowing handy attachment of the target compounds. These
properties make them good choices for SPE adsorbents, greatly reducing the solid phase and
desorption solvent amount3%-33, For catecholamines in urine samples, electrospun nanofibers
composed of apolymeric crown ether with polystyrene (PCE-PS) were used to selectively extract
three catecholamines (NE, E, and DA)**. The paper indicated that the selective crown ether
adsorbed the targets of NE, E, and DA, which was based on its correct geometry for binding
catecholamines via forming hydrogen bonds. The results displayed the material crown ether
effectively, removing other interfering compounds contained in biological samples. Inspired by
this report, a novel method was developed for the selective extraction of the catecholamines
by use of electrospun composite nanofibers composed of PCE-PS.

In this paper, the method reported previously** was improved and employed not only to
successfully analyze E, NE, and DA, but also their metabolites, MHPG and DOPAC, in urine. We
also explore new possibilities for the mechanism of the adsorption process. The method shows
satisfying extraction efficiency and selectivity for the five analytes, and the method was verified
in the analysis of urine from high-risk infants with perinatal brain damage and healthy controls.

PROTOCOL:

Informed consent from the parents was obtained, and institutional review board approval was
obtained for the study. The study was performed in accordance with the code of Ethics of the
World Medical Association (Declaration of Helsinki) for experiments involving humans.
Caregivers of all participants provided written consent for being enrolled in the study. Ethical
committee approval from Zhongda Hospital, affiliate with Southeast University, was also
obtained.
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1. Preparation of the Columns and Solutions Needed for the Extraction and Determination
of Catecholamines

1.1. Prepare the PFSPE column. Divide 1-2 mg of PCE-PS nanofibers into aliquots, and use a fine
steel rod with 0.5 mm diameter to compress them orderly into the end of a pipette tip with a
volume of 200 pL.

1.2. Prepare the artificial urine by weighing 2.427 g urea, 0.034 g uric acid, 0.09 g creatinine,
0.297 g trisodium citrate, 0.634 g sodium chloride, 0.45 g potassium chloride, 0.161 g
ammonium chloride, 0.089 g calcium chloride dihydrate, 0.1 g magnesium sulfate
heptahydrate, 0.034 g sodium bicarbonate, 0.003 g sodium oxalate, 0.258 g sodium sulfate, 0.1
g sodium dihydrogen phosphate, and 0.011 g disodium hydrogen phosphate, and dissolve the
above chemicals into 200 mL deionized water.

1.3. Prepare 2 mg/mL stock solution of diphenylborate (DPBA) solution by dissolving 2 mg of
the compound into 1 mL of distilled water. Store the solution in the dark at 4 °C.

1.4. Prepare 1 mg/mL of internal standard (IS) solution. Dissolve 1 mg of 3,4-
dihydroxybenzylamine hydrobromide (DHBA) into 1 mL of distilled water to get stock solution.
Store the standard solution in the dark at 4 °C. Dilute the stock solution in water to 100 ng/mL
before use.

1.5. Analyte standard

NOTE: The chemical structure and properties of catecholamines are instable, and they easily
decompose. The preparation process of standards has to be very fast and must prevent
exposure to direct sunlight.

1.5.1. Measure 1.0 mg of NE, E, DA, MHPG, DOPAC and DHBA in separate 1.5 mL
microcentrifuge tubes. For NE, DA, MHPG, DOPAC and DHBA, add 1.0 mL distilled water to
dissolve. For E, add 0.01 M hydrochloric acid solution to dissolve.

1.5.2. Oscillate the prepared standards in the dark at a high speed until analytes dissolve
completely. This is the primary stock; store at -20 °C for up to several weeks.

1.5.3. Prepare the secondary 1,000 ng/mL analyte stocks. For NE, E, DA, DOPAC and MHPG,
transfer 5 plL of each primary analyte stock into 4,975 ul of distilled water in a 5 mL centrifuge
tube, and store it in the dark at 4 °C until use. Prepare these solutions fresh daily. For DHBA,
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transfer 5 plL of primary stock into 4,995 uL of distilled water in a 5 mL centrifuge tube, and
store it in the dark separately at 4 °C.

1.5.4. Make further dilutions with the secondary analyte stock to create a standard curve
(e.g., Supplementary Table 2). Store solutions in the dark at 4 °C and prepare fresh daily.

1.5.5. Test the optimal voltage of ECD detector using the standard stock with proper
concentration. Vary the voltage to find a value where the analytes have the best peak
appearance.

1.6. Prepare eluant containing 30% phosphoric acid, 15% acetonitrile, and 55% distilled water.
For 10 mL of eluant solvent, use 5.5 mL of distilled water, and add 1.5 mL of acetonitrile and 3
mL of phosphoric acid drop by drop into the water.

2. Preparation of Real Urine Samples and Mobile Phase

2.1. Have mothers collect the first morning urine of their infants using aseptic urine cups.
Transfer the samples into polypropylene tubes and label immediately. Then, store the samples
in a-20 °C freezer.

2.2. Vortex and centrifuge the urinary samples at 1,510 x g for 10 min at room temperature (RT)
to get rid of most particulate interference. Discard the sediment and gather the supernatants
for further experiments. In order to extract analytes effectively, proceed to PFSPE pretreatment
(step 3) immediately after centrifuging.

2.3. Prepare the mobile phase

2.3.1. Prepare aclean bottle, at least 1 L. The composition of mobile phase is listed in
Supplementary Table 1; for 1 L mobile phase, measure 6.7242 g of citric acid, 93.06 mg of
ethylene diamine tetra acetic acid (EDTA) disodium salt, 7.02 g of monometallic sodium
orthophosphate, 404.5 mg of 1-heptanesulfonic acid sodium salt, and 3.5 g of sodium hydrate
into the bottle. Add 40 mL acetonitrile and distilled water to 1,000 mL. Agitate and vibrate
ultrasonically for 15 min until the matter in the solution is all dissolved.

2.3.2. Using a pH meter with a glass electrode, adjust the pH value of the mobile phase to
4.21 with a saturated sodium hydroxide solution.

2.3.3. Filter the mobile phase with a 0.45 um polyvinylidene fluoride microporous membrane
and a vacuum suction device to get rid of impurities.
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234  2.3.4. Use ultrasonic vibration for 15 min to degas the mobile phase each time before use.
235

236 3. PFSPE Extraction and HPLC Analysis

237

238  3.1. Activate the nanofibers. Press 100 pL of methanol and 100 uL of water sequentially through
239  the PFSPE column using a 5 mL syringe in a slow, dropwise manner.

240

241  3.2. Mix 100 pL urine sample with 100 uL 2 mg/ml DPBA solution and 30 pL 100 ng/ml of DHBA
242  solution (IS, internal standard) in a 0.5 mL EP tube, then transfer the mixed solution to the

243  PFSPE column. Press the mixed sample solution through the PFSPE column with a 5 mL gastight
244  plastic syringe using the force of the air pressure.

245

246 3.3. Leach the column three times by loading 100 pL of DPBA solution (2 mg/mL) into the SPE
247  column, and push the solution slowly through the cartridge with air pressure using a 5 mL

248  gastight plastic syringe.

249

250 3.4.Lload 50 pL of the eluant onto the PFSPE column, and push it through the column, collecting
251  the eluate with a 0.5 mL EP tube.

252

253  3.5. Turn on the HLPC degasser to degas the air in the system. Prior to sample analyses, the
254  system should run for more than 0.5 h with the mobile phase to equilibrate and reduce

255  baseline noise. See Supplementary Table 1 showing the setup parameters of the HPLC system.
256

257  3.6. Sample 20 pL of the eluate using an automatic sampler, and then inject it into the HPLC-
258  ECD system.

259

260 3.7. When the runs are complete, turn off the detector cell using the detector interface. DO
261  NOT turn off the cell with the switch at the back of the detector, as this could damage the

262  instrument.

263

264  3.8. Manually change the mobile phase composition to 10% methanol and 90% water. Run for
265  atleast 30 min. Then, manually change the mobile phase to HPLC-grade methanol. Run for
266 about 15 min to protect the system in methanol. Failure to run this step following the

267 recommended running time could result in damage to the column and the detector. Turn off
268  the flow, then turn off the degasser.

269

270 4. Phenylboronic Acid Cartridges (PBA) Extraction

271



272  PBA cartridge extraction procedures were similar to the scheme in Kumar et al. (2011)2°. All
273  solutions are pushed through the PBA cartridge (100 mg, 1 mL) with air forced by a syringe.
274

275  4.1. Condition the cartridge with 1 mL 80:20 acetonitrile-water (v/v) containing 1% formic acid
276  and 1 mL of 50 mM phosphate buffer (pH 10) sequentially.

277

278  4.2. Press the buffered urine sample (1 mL urine and 2 mL phosphate buffer, pH 8.5) through
279  the PBA cartridge.

280

281  4.3. Wash the cartridge with 1 mL 50:50 v/v acetonitrile-phosphate buffer (10 mM, pH 8.5).
282

283 4.4, Elute the cartridge with 1 mL acetonitrile-water (80:20 v/v) containing 1% formic acid.
284

285 5. Identification and Quantification of Catecholamines

286

287  5.1. Linearity

288

289 5.1.1. Dilute the secondary analytes stock with artificial urine to six concentrations (1.5, 3, 12,
290 25, 50, and 100 ng/mL); the dilution volume of artificial urine follows Supplementary Table 2.
291  Make three parallel samples with each concentration to get 18 analyte experimental solutions
292  for constructing calibration curves.

293

294 5.1.2. Dilute DHBA secondary stock with artificial urine 10-fold to get 100 ng/mL

295  experimental solution.

296

297 5.1.3. Pretreat all the analyte solutions from 5.1.1, according to step 3 (PFSPE extraction
298  procedures). As in Step 3, inject 20 L of each corresponding eluate into the HPLC-ECD system
299  to get an HPLC chromatogram.

300

301 5.1.4. Construct calibration curves of the five analytes by plotting the ratio of peak area
302 (targets/IS) as the Y axis against the ratio of concentrations (targets/IS) as the X axis, as shown
303  in Supplementary Figure 1.

304

305 5.2.LOD and LOQ value for sensitivity

306

307 5.2.1. Inject 20 pL of the blank artificial urine into the HPLC-ECD system (as in Step 3), to
308 obtain the HPLC chromatogram of the sample.

309



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

5.2.2. Inthe chromatogram from 5.2.1, collect 11 blank signal values, and calculate the mean
value Xp and standard deviation Sp. Calculate the minimum signal of a substance that can be
detected at a certain level of confidence, X., as XL = Xp+K*Sp (K is the coefficient determined by
confidence level, Sy, reflects noise level of the measuring method and the level of machine
noise). Thus, LOD = (X-Xb)/S = (K*Sp)/S (S stands for the slope value of the working curve).

5.2.3. Define an S/N of 3:1 (K=3) as the limit of detection (LOD), and an S/N of 10:1 (K=10) as
the limit of quantification (LOQ).

5.3. Evaluate the recoveries

5.3.1. Prepare real and spiked urine samples. Dilute the secondary analytes stock with real
urine to three concentrations (5, 50, 100 ng/mL) to obtain the spiked urine samples. Prepare
three parallel samples for each analyte solution. Count the spiked concentration as the quantity
of target compounds spiked into the urine sample. Define this value as As.

5.3.2. Dilute DHBA stock to 100 ng/mlL, as in step 5.1.2.

5.3.3.  Process each sample solution from 5.3.1 according to step 3 (PFSPE extraction
procedures) and inject the 20 uL of each corresponding eluant into the HPLC-ECD system to get
the chromatogram result. The value of analytes will be counted as a quantity of target
compounds quantified in the spiked urine sample. Define this value as A..

5.3.4. Inject 20 pL of urine sample into the HPLC-ECD (as in step 3) system to get the
chromatogram result. The value of analytes will be counted as an initial quantity of target
compounds quantified in the urine sample. Define this value as A;.

5.3.5. Calculate the quantity of target compounds in the samples from the standard curve
equation. The percentage recovery is estimated as methodological recovery % = (A: - Aj) x
100/(As). Mean values are shown in Table 1.

5.4. Evaluate the imprecision

5.4.1. Prepare spiked artificial urine samples to 5, 50, and 100 ng/mL concentrations as in
step 5.3.1. Prepare six parallel samples for each analyte solution. Prepare fresh experimental

samples every day.

5.4.2. Dilute DHBA stock to 100 ng/mL as in step 5.1.2.
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5.4.3. Evaluate the intra-day precision (n=6). Process each sample solution in 5.4.1 according
to step 3 and inject the 20 uL of each correspondent eluant into the HPLC-ECD system to get
the chromatogram. Do the same operation six times in the same day.

5.4.4. Calculate the quantity of target compounds in the samples from the standard curve
equation. Under the same concentration of the same compound, the relative standard
deviation (RSD) of the six assays in one day is determined as intra-day precision. Mean values
are shown in Table 1.

5.4.5. Evaluate the inter-day precision (n=6). At the same time each day in the six sequential
days, prepare spiked artificial urine samples for three concentrations of 5, 50, 100 ng/mL, as in
5.4.1 and 5.4.2., and process each analyte sample solution according to step 3.

5.4.6. Inject the 20 pL of each corresponding eluate from 5.4.5 into the HPLC-ECD system to
get chromatogram results each day. Calculate the quantity of target compounds in the samples
from the standard curve equation. Inter-day precision is expressed by the RSD of the assays
guantity from the spiked artificial urine samples at the three concentrations in six sequential
days. Mean values are shown in Table 1.

REPRESENTATIVE RESULTS:

This protocol is a simple and convenient PFSPE method to pretreat urine samples and enrich
five catecholamines for detection via an HPLC-ECD system; a diagram of the process is shown in
Figure 1. The protocol mainly includes four steps—activating, loading, rinsing, and eluting—
coupled with a small quantity of PCE-PS nanofibers and a simple solid-phase extraction device.
The morphology of PCE-PS nanofibers was assessed using a surface and porosity analyzer (see
Table of Materials). The textural properties—the BET (Brunauer, Emmett, and Teller) surface
area, pore volume and pore size—were 2.8297 m? g%, 0.009 cm3 g1, and 12.76 nm, respectively.
These data indicate that the material used in the protocol has nanoscale pores on the surface,
which may contribute to the high adsorption efficiency and the lowered binding pH in the
protocol.

This protocol uses optimized volumes, sample ingredients, leachate, eluant, etc., as well as
working pH and time consumed during the procedures. In Chen et al., the eluant wasa 12.0 M
acetic acid solution because acidic conditions cause the adsorbent to become protonated and
positively charged, which is favorable for the elution of CAs34%. In this study, the eluant recipe
was reconditioned to be 30% phosphoric acid, 15% acetonitrile, and 55% distilled water. The
final pH value of eluant was adjusted to 3.0. The eluant solvent should be kept in an acidic
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environment when eluting, but much more moderate than 12.0 M acetic acid, which may lead
to poor peak appearance and damage to the HPLC system.

For identification of the catecholamines, chromatogram retention times of the peaks in the
samples with standard solution peaks are compared. Figure 2 shows examples of HPLC-ECD
chromatograms from the various solutions. If the protocol is followed successfully, the
chromatographic profiles of three catecholamines and their metabolites should be obtained by
HPLC-ECD with clear symmetrical, well defined peaks and with minimal background noise, as
illustrated in Figure 2. For comparison with the conventional method, a commercial PBA
cartridge was selected as a control. In Figure 2(a—c), five target peaks in (b) are significantly
higher than thaosein (c), indicating that the PFSPE method is more sensitive than the PBA
cartridge method. Also, the DOPAC peak did not show in the PBA cartridge extraction result,
indicating that the PBA column was not capable of extracting DOPAC. Figure 2(d) depicts the
chromatogram of the blank urine sample without any pretreatment, and Figure 2(e) shows the
chromatograms of the urine sample extracted using PCE-PS composite nanofibers. Figure 2(f)
shows the chromatograms of the urine sample after the extraction with the PBA column, which
also shows no DOPAC extraction consistent with the result in Figure 2(c). The diagram indicates
that the PFSPE method could not only extract the targets with good effect, but also could get
rid of most of the interference in the urine, giving good peak identification for the target
compounds.

Statistical analysis revealed that measurements for the three catecholamines and the two
metabolites were reliably reproduced (Table 1). All the target compounds showed good
linearity between 1.5 and 100 ng/mL (R?>>0.99), and the standard curve of each analyte can be
found in Supplementary Figure 1. The curves and R? values demonstrate that the analytes have
good linearity and relativity within a certain linear range, suitable for the calculation of
concentrations of analytes in urine samples. The limits of detection (LOD) ranged from 0.25 to
0.54 ng/mL, and the limits of quantification (LOQ) were 0.83 to 1.81 ng/mL, respectively. The
signal-to-noise (S/N) value equalled 3. The range of the methodological recoveries of the five
target compounds was from 97.4% (MHPG) to 124.2% (DOPAC), which was satisfactory for the
application to the actual samples. The intra-day precision was from 2.7 to 4.8% (expressed as
relative standard deviation) and the inter-day precision was 2—8.1%, displaying good precision
and repeatability.

For detection of targets in real urine samples, 28 high-risk infants and 22 healthy infants in the
division of child care, Suzhou municipal hospital, were recruited. All 50 infants taken into the
study were boys. When they were six months old, they were taken to a routine health check in
September 2016. All the urine samples were collected and pretreated following the protocol
steps 3.1 and 3.2, and the samples were analyzed using the remainder of step 3. The
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concentrations were calculated against the calibration curves. Statistical differences were
analyzed by analysis of variance (ANOVA). The results can be seen in Table 2. The difference of
the catecholamines and metabolites between the two groups were compared and analyzed.
The p-values show that the catecholamines were not significantly different between the high
risk and healthy groups, while the metabolite MHPG content was different across these groups
(p =0.001). The high-risk infants group had higher amounts of MHPG than the control group
(14.8 £ 3.6 ng/mL vs. 1.4 + 0.2 ng/mL), which means that the level of urinary MHPG may be a
potential marker for early identification of high-risk infants.

Figure 3 and Table 3 describe the classic quantification method for determining monoamine
materials, and compare with other methods for which the operation process and figures of
interest are given. Compared with classic methods, PFSPE method has advantages like a short
timespan (5-10 min), simplified operation process, less organic solvent, and more
environmental friendliness with satisfactory methodological parameters. The eluant amount
needed is low in volume (50 pL) and the target enrichment step requires no evaporation, which
greatly promotes the detection sensitivity for the target compounds in the urine. Compared to
conventional particle-based SPE, this method enhanced the efficiency, simplified the
preparation process, and reduced the time of the analysis with acceptable reliability, selectivity,
and sensitivity.

FIGURE AND TABLE LEGENDS:

Figure 1: Schematic flow chart of PFSPE procedure in the paper and a representation of its
device. (1) Gastight syringe, (2) Pipette tip, and (3) Packed nanofibers.

Figure 2: Chromatograms of different samples. (a) Spiked water sample with targets and IS in
(100 ng/mL) without extraction. (b) Spiked water sample extracted by the PFSPE method, and (c)
by commercial phenylboronic acid (PBA) cartridge. (d) Real blank urine sample without extraction.
(e) Real urine sample extracted by the PFSPE method. (f) Real urine sample extracted by
commercial PBA cartridge.

Figure 3: Analytical flow chart of determination methods. (a,b) Previously reported classic
extraction methods. (a) Extraction by alumina, (b) by DPBA complex, and (c) by the method
proposed in this paper.

Supplementary Figure 1: Standard curves and equations. The standard curves for the five
analytes are constructed in order to use the equation of the line to calculate the unknown
analytes concentration in the sample. (a) NE, (b) E, (c) DA, (d) MHPG, and (e) DOPAC.
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Supplementary Figure 2: Boronate affinity interaction between boronic acid and cis-diol
group or adjacent two hydroxyl groups. (A) Schematic of the interaction between boronic acids
and multiple —OH groups to form five- or six-membered cyclic esters. (B) Cis-diol group or
adjacent two hydroxyl groups in red circles depict the major reaction sites for the five analytes
to boronic acid compound.

Table 1: Analytical results of the proposed protocol for the determination of three
catecholamines and two metabolites with standard solutions.

Table 2: The comparison of concentrations for three catecholamines and two metabolites in
urines between healthy infants and high-risk infants. The results were statistically analyzed
using analysis of variance (ANOVA) with a significance level of p = 0.05 for differences between
MHPG content. Means + standard deviations are shown.

Table 3: Comparison of this work with studies on pretreatment of monoamines or other
related topics in recent years.

Supplementary Table 1: Instrument parameters for detection and quantification of analytes
in the paper by HPLC-ECD.

Supplementary Table 2: Preparation of standard curve for five analytes.

DISCUSSION:

The proposed PFSPE method in this paper may be significant and meaningful with respect to its
rapidity, simplicity, and convenience. The adsorbents used in the protocol are electrospun
nanofibers, which have high surface area-to-volume ratios, and adsorb the analytes with high
efficiency. The procedure only needs a few milligrams of nanofiber and a small volume of
eluant solvent, and does not require an evaporation step to concentrate the analytes. Here, we
have presented a detailed overview of an HPLC-ECD based protocol that will permit new users
to establish an effective method for detection and quantification of three catecholamines and
two of their metabolites (NE, E, DA, and MHPG, DOPAC).

The superiority of this protocol mainly stems from the four critical steps during the procedures,
as shown in Figure 1: using PCE-PS nanofibers to capture the target compounds to reduce the
size of sorbent to a few milligrams, leading to a rapid adsorption/desorption, and only needing
a small volume of eluting fluid (1); adding DPBA into the urine to complex with the analytes to
improve their hydrophobicity (2); rinsing the nanofibers with the solution containing DPBA to
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retain the analytes and remove the impurities (3); and optimization of the extraction and
analysis condition to get good sensitivity and selectivity for the analytes (4).

For step (1), the mechanism of superior performance of adsorbent ability for PCE-PS may
attributed to a variety of factors. The crown ether polymers doped in the nanofibers can form a
host-guest complex with the guest molecules containing amine groups by H-bonds, such as the
catecholamines in this paper. In addition, Hongyou Hu et al. and Jishun Chen et al. also
proposed that boronic acid can bond with nitrogen atoms in the chemical structure through B—
N interactions, and that the hydrophobic skeleton can interact with benzene rings and other
aliphatic groups of analytes3®3’. Also, during the desorption process, the hydrogen bonds and
B—N interactions are easily broken at very low pH; thus, eluants with acidic pH are usually
suitable for exploration for desorption. Furthermore, there are also several secondary
interactions, including hydrophobic, ionic, and hydrogen bonding, which can occur between
boronic chemicals and related compounds3®-38, All these interactions may contribute to the
adsorption of the analytes to the materials.

For step (2), with the help of added DPBA, PCE-PS nanofibers adsorb DPBA-catecholamine
complexes rapidly. Zhen Liu et al. showed that the boronate affinity materials have emerged as
important media for the selective separation and molecular recognition of organic compounds,
such as nucleosides, saccharides, glycans, glycoproteins, and so on38.The complexation mainly
occurs from the boronate affinity interaction between boronic acid and cis-diol groups, or two
adjacent hydroxyl groups, to form five or six membered cyclic esters, as shown in
Supplementary Figure 2A. Supplementary Figure 2B depicts the major reaction sites for the
five analytes in this work to the boronic acid compound. When the surroundings become acidic,
the boronic acid—cis-diol complex dissociates. The interaction between boronic acid and the cis-
diol group or the adjacent two hydroxyl groups exists extensively and relatively strongly.

For step (3), the complex formed between analytes and DPBA can hold them on the adsorbent
while other impurities are rinsed from the PCE-PS surface, achieving the best reservation for
the targets. For step (4), there has been a report showing that the optimal pH was about 9.0 for
the bonding of boric acid and catechol compound?®®. However, Chen et al. explored the best pH
value for the complexing of catecholamine-DPBA and found that the adsorption performance of
the composite PS-PCE nanofibers for the CAs was optimal when the pH value was changed to
be between 6.0 and 7.0343>, Liu et al. implicated that the structure of the supporting materials
for boronate acid compounds, especially with spatial confinement of cavities and nanoscale
pores, and the B-N ligands formed during the reaction, can also significantly lower the binding
pH and enhance binding affinity32. The PCE-PS structure as well as catecholamine structure are
all equipped with —NH- groups. Thus, the properties and nanoscale pores of PCE-PS (data as
shown in Representative Results), as well as B-N ligands formed, may contribute to the
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lowered binding pH in the protocol. Thus, the optimal pH value in this protocol can be neutral,
which greatly simplifies the procedures and avoids the degradation of the analytes.

The main limitations of catcholamine determination are that their concentrations in biological
samples are very low and that their structures are unstable (easily oxidized); furthermore, it is
difficult to get rid of the impurities in the media. Thus, for analysis of catecholamine in
biological samples, pretreatment, usually by solid-phase extraction, is necessary. The PFSPE
method proposed in this paper provided a simple and convenient pre-concentration for the
analytes in the urine samples. But, when doing the experiment, the experiment condition must
be strictly controlled, by means such as avoiding light exposure and shortening the pre-
treatment time as much as possible.

The applicability of the method was evaluated by its use to determine the concentrations of
three catecholamines and two metabolites in the urine of healthy infants and high-risk infants.
There was a significant difference between the two groups in urinary MHPG. As summarized
previously, the MHPG amount in the human body is now mainly reported as an index to reflect
noradrenergic neuronal tone, the catecholamine metabolism activity in the central and
peripheral nervous systems*%42, and is a useful plasma/urine marker for central NE
metabolism*3. For high-risk infants, a variety of factors such as hypoxic-ischemic
encephalopathy (HIE) causes brain trauma and brain insults, leading to different degrees of
childhood neurodevelopmental deficits. This brain damage in turn will lead to the release of
neurotransmitters (MHPG included) into body fluids*#*>. According to reports by J.W. Maas,
there are significant correlations between the brain, CSF, plasma, and urinary concentrations of
MHPG*®47_ The measurement of total (free + conjugated) MHPG in urine has long been used to
assess the metabolism of central NE and peripheral NE metabolism in humans*#&4° Thus, it
may be concluded that high risk infants have noradrenergic neuronal tone damage compared
with healthy ones, affecting catecholamine metabolism in the central and peripheral nervous
systems. This discrepancy indicates that further research should be done on the relationship
between the urinary MHPG level and neurodevelopmental deficits. It has been demonstrated
that the proposed method could be used for the determination of catecholamine presence in
urine, with a promising prospect for use in the clinic for evaluating diseases relevant to these
neurotransmitters.
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Table 1 Click here to download Table Table 1_RM.xlIsx

NE MHPG E IS DOPAC DA
Linear range
1.5-400 1.5-200 1.5-100 1.5-100 1.5-400
(ng/mL)

R-squared values 0.9945 0.995 0.9976 0.9902 0.9954
LOD (ng/mL) 0.323 0.322 0.313 0.657 0.249 0.543
LOQ (ng/mL) 1.076 1.072 1.043 2.191 0.83 1.809

Recovery = RSD
110.7¢2.9 97.449.1 103.9+5.2 86.5+7.3 124.2+3.1 117.3%5.4
(%) (n=9)
Precision(RSD %)
(n=9)
Intra-day 4.5 4 2.7 4.8 33 4.7
Inter-day 4.1 8.1 2 6.3 3.2 5.9

NE, norepinephrine; MHPG, 3-Methoxy-4-hydroxyphenylglycol; E, epinephrine; IS, internal
standard; DOPAC, 3, 4-Dihydroxyphenylacetic acid; DA, dopamine;

*
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Table 2 Click here to download Table Table 2_RM.xIlsx %

Concentration  Control group (22) High Risk Infant group P value

(ng mL™) (28)
NE 7.52+1.34 5.56%1.7 0.37
MHPG 1.4+0.2 14.8+3.6 0.001
E 24+15.8 20.945.87 0.841
DOPAC 106.36+30.1 72.12+18.07 0.312
DA 55.53+11.9 48.12+20.9 0.76

P<<0.05***shows a significant difference between two groups
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Table Click here to download Table Table 3_RM.xIlsx %

Sample Exhausted Sample Pretreatment Linear range LOD
solvent (mL) volume (mL) time (min)

Urine 0.5 0.05 10 2.0-200 ng/mL 0.2-0.5 ng/mL
(NE,E,DA) (NE,E,DA)

Urine 19 0.7 — 47-167 pug/L (DA) 166-500 nM (DA)

Urine 13 0.01 — 0.5-1250 ng/mL 0.5-2.5 ng/mL
(NE,E,DA,NMN,MN) (NE,E,DA,NMN,MN)

Urineand 20 0.05 10 0.04-2.5 ng/mL 0.01-0.02 ng/mL

plasma (NE,E,DA) (NE,E,DA)

Urine <0.5 0.1 5 1.5-400 ng/mL 0.249-0.543 ng/mL
(NE,MHPG,E,DOPAC, (NE,MHPG,E,DOPAC,
DA) DA)

—, Undefined.

PBA, Phenylboronic acid
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Relative Recovery  Evaporate Analytical method

(%) and
redissolve
88.5-94.5 (NE,E,DA) No HPLC-ECD (Chen
etal.,, 2016)
98.3-101.1 (DA) No HPLC-UV (Piotr et
al., 2016)
74.1-97.3 No LC-MS/MS (Li et
(NE,E,DA,NMN,MN) al., 2016)
87.0-97.5 (NE,E,DA) No HPLC-UV
(Mohammad et
al., 2016)
97.4-124.2 No this work

(NE,MHPG,E,DOPAC,
DA)




Materials Table

Name of Material/ Equipment
200 pL pipette tip
PCE-PS nanofibers
steel rod (about 0.5 mm diameter)
gastight plastic syringe (5 ml)
methanol
diphenylborinic acid 2-aminoethyl ester(DPBA)
norepinephrine(NE)
3-Methoxy-4-hydroxyphenylglycol(MHPG)
epinephrine(E)
3, 4-Dihydroxyphenylacetic acid(DOPAC)
dopamine(DA)
3, 4-dihydroxybenzylamine hydrobromide(DHBA)
acetonitrile
phosphoric acid
uric acid
creatinine
trisodium citrate
KCl
NHACI
NaHCO3
C2Na204
NaSO4
disodium hydrogen phosphate
urea
NaCl
MgS04.7H20
CaCl2
HCI
citric acid
EDTA disodium salt
monometallic sodium orthophosphate
1-heptanesulfonic acid sodium salt

Click here to download Materials Table JoVE_Materials_110817.xls

Company

Sinopharm Chemical ReagentCo., Ltd
Sigma-Aldrich.Inc

Sigma-Aldrich.Inc

Sigma-Aldrich.Inc

Sigma-Aldrich.Inc

Sigma-Aldrich.Inc

Sigma-Aldrich.Inc

Sigma-Aldrich.Inc

Sigma-Aldrich.Inc

Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd
Sinopharm Chemical ReagentCo., Ltd

Catalog Number

67-56-1
A-106408
A-9512
H1377
100154-200503
D-9128
H-8502
858781
75-05-8
7664-38-2
69-93-2
60-27-5
6132-04-3
7447-40-7
12125-02-9
SWC0140326
62-76-0
7757-82-6
10039-32-4
57-13-6
7647-14-5
10034-99-8
10035-04-8
7647-01-0
77-92-9
34124-14-6
7558-80-7
22767-50-6

*
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sodium hydroxide Sinopharm Chemical ReagentCo., Ltd
phenylboronic acid column(PBA column) Aglilent
Inertsil® ODS-3 5 um 4.6x150 mm column Dikma

SHIMADZU SIL-20AC prominence AUTO SAMPLER Shimadzu Corporation, Japan
SHIMADZU LC-20AD High Performance Liquid

Chromatography Shimadzu Corporation, Japan
SHIMADZU L-ECD-60A electrochemical detector Shimadzu Corporation, Japan
ASAP 2020 Accelerated Surface Area and Porosimetry Micromeritics, USA

1310-73-2
12102018
5020-06731

SIL-20AC

LC-20AD
L-ECD-60A



Comments/Description
column to contain nanofibers
material for PFSPE extraction
fill the nanofibres into the column
compress solution into the end of the tip

complex reagent

analyte

analyte

analyte

analyte

analyte

interior label

eluriant and mobile phase
eluriant

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine

artifical urine and mobile phase
mobile phase

artifical urine and mobile phase
mobile phase



mobile phase
PBA extraction
HPLC column for seperation

auto injection for eluriant

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

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

13. 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.
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Rebuttal Letter

Click here to download Rebuttal Letter Rebuttal letter.docx

Editorial comments:

Please address the following concerns:

General:

1. While we appreciate the effort you have put in editing the language, parts of the manuscript are still
difficult to understand. We have largely edited the Introduction (please review to insure your intended
meaning is retained) and highlighted (in green) other areas of concern, although this is not intended to
indicate every issue. Please edit and have a fluent English speaker review the manuscript (including paid
services, if necessary).

Respond: Firstly, we are greatly appreciating your edition for the paper. All the highlighted part
have been reviewed and modified by us ( the green highlighting color has been removed from the

paper while all the changing have been tagged).

2. Please ensure the manuscript is in American English (e.g., analyze instead of analyse, nanofiber
instead of nanofibre.

Respond: The words you mentioned have all been modified.

3. Please ensure all Latin-derived phrases (et al., e.g., etc., i.e.) are italicized.
Respond: All the Latin-derived phrases (et al., e.g., etc., i.e.) are italicized in the paper (including

references).

Figures and Tables:
1. Figure 2: Please ensure the arrows don’t overlap ‘MHPG.’
2. Figure 3: “Filtrate”, not “Filtrated.”

3. Please remove ® from all tables (including supplemental tables), and ensure all text is in the same font.

Respond: We have modified the Figures and tables as you required.

Protocol:

1. Note that the formatting of the protocol has been changed slightly to better fit JOVE’s standards.

2. Please split up some of your longer steps so that each step contains 2-3 actions and no more than 4
sentences.

Respond: We have split up some steps into smaller ones as you required, including step 5.1 to
5.4 (from line 298-374)

3. Please ensure that most of the numbered steps are in the imperative tense, and that every step
includes at least one sentence in the imperative tense.

Respond: We have modified the Protocol as you required. Every step includes at least one

sentence in the imperative tense.

Discussion:
1. Please split the second paragraph into at least 2 smaller paragraphs

Respond: We have split the second paragraph into 2 smaller paragraphs.
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Mobile phase

4% acetonitrile and ionic species, citric acid 35 mmol/L, ethylene diamine
tetra acetic acid (EDTA) disodium salt 0.25 mmol/L, monometallic sodium
orthophosphate sodium acetate 45 mmol/L, 1-heptanesulfonic acid
sodium salt 2 mmol/L, and add saturated sodium hydroxide solution to
adjust pH 4.21

Mobile phase flow rate

1.0 mL/min

Column type Inertsil ODS-3 5 um 4.6x150 mm column, Dikma
Column length 150mm

Column inner diameter 4.6mm

Column temperature 30°C

Detector temperature 30°C

Voltage setting for 0.67V

analvtes

Injection volume 20 uL
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ng/mL 1000 ng/mL standard, uL |artificial urine, pL Dilution, fold
100 50 450 10

50 25 475 20

25 12.5 487.5 40

12.5 6.25 493.8 80

3.125 1.5 498.5 320

1.5 0.8 499 640
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