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Figure 4-8.    Four different emission filters were tested to determine maximum S/N of a 5 µM 

NDA-tagged hexadecylamine solution.  The 472 nm bandpass filter showed the greatest S/N, 

with the 450 nm longpass, 470 nm longpass, and 495 nm bandpass filters showing progressive 

decreasing of the S/N.   
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Figure 4-9.    Fluorescence chronogram showing the effect on response and S/N caused by lasing 

power.  Using the variable power controller, the lasing power was set to 5, 10, 20, 30, 40, and 50 

mW and fluorescence response was recorded at each increment.  Of the individual power 

settings, 10 mW showed the highest S/N at 98.6, but extrapolation of the data fit to a Gaussian 

distribution showed the S/Nmx to be at 12.7 mW (inset). 

 

 

Figure 4-10.    Overlaid fluorescence chronograms showing the variable detector to detector 

response.  In agreement with data from Figure 4-8, fluorescence responses obtained using the 

450 nm longpass filter are greater than those using the 495 nm bandpass filter.  The Perkin Elmer 

APD was found to give the greatest fluorescence response and was used in all subsequent studies.   
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4.4.3. Droplet Formation and On-Chip Fluorescent Tagging 

 Droplet-based microfluidics presents the ability to conduct highly efficient 

fluorescent tagging reactions on-chip, minimizing additional sample handling.  For optimal 

rapid and consistent droplet formation, the flow rate of the immiscible oil phase must be 

greater than that of the reactant phase(s).  It was found that a 4 µL/min flow rate of oil 

phase to 2 µL/min flow rate of the reactant phase(s) provided the consistent droplet size 

and frequency (Figure 4-11).  It should be noted that when multiple reactants are used for 

fluorescent tagging on-chip, the summation of their individual flow rates should equal the 

2 µL/min total flow rate.  The acquisition software was set to produce a binned data point 

every 25 ms, which was sufficient to record a true maximum and minimum response for 

each droplet.   

 Detection limit studies were performed using optimized LIF detection system 

settings, a reactant flow rate of 1.5 µL/min, and NDA-tagged dodecylamine serially diluted 

to an amine concentration of 80.8 nM.  With a droplet frequency of 4.6 droplets/second, 

each droplet was calculated to contain 5.4 nL of solution.  At an amine concentration of 

80.8 nM, the average droplet contained 436 amol of fluorescently tagged amine (Figure 4-

12). 

   On-chip NDA-tagging efficiency was determined using two different channel 

designs.  A 1:20:24 (M/M/M) amine:KCN:NDA reaction concentration ratio was 

maintained with all reactants independently administered to the microchip at a flow rate of 

0.5 µL/min (1.5 µL/min total flow).  The resulting concentration of hexadecylamine per 

droplet was calculated to be 3.33 µM.  The initial chip design contained a mixing region 

with 10 turns in the channel, which resulted in incomplete fluorescent tagging as shown by 
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inconsistencies in maximum droplet response by the fluorescence chronogram (Figure 4-

13).  Transitioning to a new chip design containing 130 turns in the mixing region of the 

channel resulted in a completed fluorescent tagging reaction, as indicated by consistent 

maximum responses per droplet (Figure 4-14). 

 

 

Figure 4-11.    An example of a fluorescence chronogram showing consistent droplet formation.  

The lasing power is changed mid-acquisition with an immediate adjustment in response.  

Consistent droplet formation is determined by equal spacing between peaks (frequency) and 

equal peak widths (size).   
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Figure 4-12.    Fluorescence chronogram showing NDA-tagged decylamine approaching the 

detection limit of the LIF detection system.  The tagging reaction occurred pre-chip and the total 

amine concentration was serially diluted to 80.8 nM.  The droplet frequency was determined to 

be 4.6 droplets/second and average droplet volume was 5.4 nL/droplet, resulting in 

approximately 436 amol of amine per droplet.   
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Figure 4-13.    Fluorescence chronogram showing NDA-tagging reaction efficiency performed 

on-chip.  Reactants were maintained in a 1:20:24 amine:KCN:NDA molar ratio and applied to 

the chip independently at 0.5 µL/min.  Using a chip design with 10 turns in the mixing region 

(inset) resulted in an incomplete reaction, indicative of inconsistent maximum peak responses. 
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Figure 4-14.    Fluorescence chronogram showing NDA-tagging reaction efficiency performed 

on-chip.  Reactants were maintained in a 1:20:24 amine:KCN:NDA molar ratio and applied to 

the chip independently at 0.5 µL/min.  Using a new chip design incorporating 130 turns in the 

mixing region (inset) resulted in a completed tagging reaction, indicative of consistent maximum 

peak responses. 

 

 

4.4.4. Pre-Chip Chromatographic Separation 

 The incorporation of chromatographic separation with the development of the 

microfluidic platform described in this work is the next step towards achieving a µTAS.  

Prior to pre-chip chromatographic separations, NDA-tagged dodecylamine was prepared 

as previously described in Chapter 4.4.3 and diluted to 1 µM.  An HPLC pump was 

connected to the inlet port of the microchip, with an injection valve containing a 2 µL 

injection loop inserted into the flow path immediately preceding the chip.  A 4 µL/min 

flow rate of methanol was maintained along with a 4 µL/min flow rate of oil phase on-chip.  

Once consistent droplet flow was achieved, an injection was made without using a column 

(Figure 4-15).  NDA-tagged dodecylamine and hexadecylamine were independently 

prepared at 1 µM each for separation analysis.  A column was inserted into the flow path 
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immediately following the injection valve and preceding the chip inlet and flow rate and 

injection conditions were maintained.  Due to the poor chromatographic resolution, 

injections were made containing each tagged-amine separate from one another and the 

chromatograms were overlaid to enable easier identification of each component (Figure 4-

16). 

 

 

Figure 4-15.    Fluorescence chronogram showing unretained NDA-tagged dodecylamine.  An 

HPLC flow rate of 4 µL/minute using 100% methanol was used and a 2 µL injection was made 

immediately preceding the chip inlet.  Oil phase flow rate was held constant at 4 µL/min.  
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Figure 4-16.    Overlaid HPLC fluorescence chronograms showing separation of NDA-tagged 

dodecylamine and hexadecylamine.  An HPLC flow rate of 4 µL/minute using 100% methanol 

was used and a 2 µL injection was made with the injection valve and column immediately 

preceding the chip inlet.  The oil phase flow rate was held constant at 4 µL/min.  The 

dodecylamine and hexadecylamine are shown as red and black traces, respectively. 

 

 

4.5. DISCUSSION AND CONCLUSIONS 

The PDMS microfluidic device fabrication process using photolithography has 

numerous benefits inclusive of low cost per chip ($2 or less), relative safety (HF required 

with glass chip fabrication process), rapid fabrication (approximately 1 day), and overall 

ease of use.220  The key drawback to using PDMS is the relatively low pressure thresholds 

that induce the chip to unbond from the glass surface.  When the PDMS is oxidized by air 

plasma inside of the chamber, hydrocarbons are etched leaving behind surface silanol 

groups, resulting in a hydrophilic surface.  When placed in contact with an oxidized glass 

surface, bridged siloxane bonds are formed at the interface, creating the seal.  This seal, 

however, has the tendency to fail with increasing pressures applied to the chip from 

external syringe or HPLC pumps.  The application of an epoxy coating at the perimeter of 
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the chip and glass helps increase the pressure limits, however, there is still a tendency for 

relatively high pressures to force the fluid flowing through the channels to balloon outward, 

resulting in the chip failure and subsequent discarding. 

During the photolithographic fabrication process, it is imperative to ensure a 

perfectly cleaned silicon wafer surface prior to spin coating.  When conducting the soft 

bake process following UV exposure, the channel features will begin to faintly appear in 

the photoresist.  This is caused by the exposed region underneath of the photomask to 

polymerize in the presence of UV light, resulting in this region being less soluble in the 

subsequent developing solution.  Slight horizontal dispersion of the UV light through the 

photomask results in the channel width being slightly greater than that of the photomask.  

This is shown by the SEM micrograph having an average channel diameter of 155 µm, as 

opposed to the 150 µm width of the channels in the photomask.  

The LIF detection system requires precise alignment of all optical components in 

order to achieve fluorescence detection, with minute adjustments required for optimal S/N.  

It was determined that a greater S/N was achieved by complete removal of the rotation-

mounted polarizer.  This was somewhat expected when results showed the greatest 

response to be in a vertically polarized position, which is the native polarization of the 

incident laser.  The increase in response by removing the polarizer is due to the percent 

transmittance of the polarizer being less than 100%.  In optimizing the pinhole filter 

diameter, the fluorescence response increased as the diameter of the pinhole filter was 

increased, up to 1.193 mm, at which point no further response gain was observed.  As the 

filter was opened past 1.193 mm, a slight increase in noise was noticed while the signal 

remained constant.  The goal of the pinhole filter is to block the lower, more variable outer 
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regions of the laser beam.  A cross-sectional view of the laser beam would show a Gaussian 

distribution in laser intensity, with the center of the laser having the greatest intensity and 

the outer regions showing higher variability.  The dichroic lens displays an important 

function in that it acts as an additional filter, preventing the incident laser wavelength from 

reaching the detector.  At a 425 nm longpass cutoff, the dichroic lens reflects all light with 

a wavelength less than 425 nm (incident laser wavelength = 405 nm) and transmits all light 

with a wavelength greater than or equal to 425 nm (emission maxima = 470).  Of the four 

emission filters tested, the 472 nm bandpass filter provided the highest S/N as it falls in 

line with the optimal emission maxima of NDA-tagged amines.  A significant detector to 

detector response variability existed between the three detectors tested, with the Perkin 

Elmer APD displaying a significantly greater response as compared with the two EG&G 

APDs.  The positioning of the microchip on the sample stage is crucial to achieving a 

maximum S/N.  To prevent misalignment of the chip, it is held in place using tape, and the 

entire stage is carefully adjusted in the X, Y, and Z planes.  Optimal positioning of the 

focused laser beam should be in the center of the detection region of the channel, and the 

bottom of the glass should be within 1 mm of the focusing microscope objective.  

Meticulous vertical alignment of the stage in relation to the microscope objective is 

required while monitoring real-time fluorescence response data until the greatest signal is 

achieved. 

When optimizing flow rates for consistent droplet formation, it is necessary to have 

the immiscible oil phase be greater than that of the reactant(s) phase.  The oil phase acts as 

a carrier fluid, with the reactants combining at the T-junction and tapering off into small 

volume droplets, which are carried down-channel by the immiscible oil.  Due to the 
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extremely low flow rates and relatively long length of tubing, a significant amount of time 

is usually required for stable flow to occur, resulting in consistent droplet formation.  The 

on-chip NDA-tagging reactions shown in Figure 4-13 and Figure 4-14 illustrate the 

importance of sufficient mixing.  A linear channel exhibits laminar flow, with the only 

mixing occurring by simple inter-layer diffusion.  By introducing the turns into the channel 

design, reorientation and folding of the fluidic layers within the individual droplets is 

induced.  Each turn provides an additional fluidic layer interface, with subsequent turns 

rendering this fluidic layer infinitesimally thin to the point where simple diffusion becomes 

a fast and efficient form of mixing.  Initial chip designs incorporating 10 turns into the 

mixing region proved insufficient, as shown by the resulting fluorescence chronogram.  

The varying peak widths found in Figure 4-13 are the result of unstable droplet formation, 

not that of incomplete reaction.  The varying maximal response peak to peak shows that 

certain droplets exhibited greater reaction efficiency than others.  Additionally, broad peaks 

(indicative of sample plugs rather than droplets) such as the one at approximately 2.75 

minutes show a fluorescence response increasing within the individual droplet.  This shows 

that the reaction efficiency at the front end of the droplet was worse than the efficiency at 

the tail end.  Reaction efficiency was shown to be much improved using the modified chip 

design that incorporated 130 turns in the mixing region (Figure 4-14).  The consistent 

maximal response for each droplet indicated that the reaction was complete.   

The feasibility of conducting pre-chip HPLC separations was investigated in 

Chapter 4.4.4.  Initial injections of tagged dodecylamine were made using the smallest 

injection loop readily available (2 µL) and without a column.  In order to comply with on-

chip flow rate restrictions, a 4 µL/min flow rate from the HPLC was used.  By injecting a 
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apparatuses used for diagnostics and treatments of disease, understanding pathophysiology 

of disease states, and improving patient quality of life.226, 227  In the case of cancer, 

traditional treatment regiments prove incredibly difficult due to molecular heterogeneity 

between cancers of the same type, between tumors and their metastatic foci, and between 

cells within an individual tumor.228  Theranostic nanomedicine, in regard to cancer 

treatment, presents the ability to diagnose, deliver targeted therapy, and monitor 

therapeutical effects.  Nanomedicine, as a whole, enable drugs to overcome chemical, 

anatomical, clinical, and physiological barriers by balancing localization in diseased-state 

versus healthy tissues and increasing accumulation at pathological sites.  This, in turn, 

increases therapeutic efficacy and reduces both the number of and intensity of side effects, 

resulting in improved patient acceptance, compliance, and prognosis.225, 229  

Specific drug targeting can come in either a passive or active form.  Passive drug 

targeting often occurs in cancer treatment, as cancerous tumors often present with leaky 

and inflamed blood vessels, allowing for extravasation of drugs and nanomaterials into the 

pathological site.225 The enhanced permeability and retention effect allows for highly 

effective and selective passive drug targeting.  In addition to having enlarged and leaking 

blood vessels, solid tumors lack functional lymphatics, resulting in the limited removal of 

nanomaterials from the drug target site.230, 231    Conversely, localization and target cell 

uptake in active drug targeting often relies on antibodies, peptides, or sugar moieties, which 

are incorporated into the nanomaterial formulation.225   

A true theranostic nanomedicine contains both therapeutics and imaging agents 

within a single nanomaterial.  The integration of diagnostics as well as therapy within a 

single nanomaterial has the potential of enabling both visualization of the material’s 
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biodistribution as well as treatment response.232, 233  A PFC nanoemulsion has been 

designed to incorporate a selective COX-2 inhibitor, celecoxib, which serves as a 

multimodal biological probe capable of studying COX-2 in macrophage tumor 

interaction.233  Additionally, the PFC nanoemulsion is equipped with dual-mode near-

infrared fluorescence and 19F MRI imaging capabilities.  The anti-inflammatory drug, 

celecoxib,  has been reported to reduce cancer risk while suppressing tumor growth.234, 235  

Additionally, celecoxib can induce COX-2 independent apoptosis, inhibit prostaglandin E2  

mediated anti-apoptic proteins, and inhibit angiogenesis.236  Celecoxib is classified as a 

class II drug and has numerous adverse properties such as poor aqueous solubility (7 

ug/mL), requiring oral administration at high doses (200-400 mg, 2x/day) which can lead 

to severe cardiovascular side effects over a several month treatment regimen.237, 238  The 

rapid elimination from plasma experienced by celecoxib lowers the actual drug levels that 

reach the pathological site, resulting in the high required dosages.239, 240  Recent work with 

celecoxib containing nanoparticles has been reported for colon cancer treatment in a human 

xenograft mouse model.240  These adverse properties displayed, and potential benefits, 

have led celecoxib to be a promising drug for use within PFC nanoemulsions.  Targeting 

circulating macrophages in and around pathological tissue sites, PFC nanoemulsions 

containing celecoxib can potentially suppress COX-2 activity while simultaneously 

allowing for the imaging of macrophage tumor infiltration dynamics.232, 233  The use of 

HPLC-MS-MS described herein provides a powerful analysis, identification, and 

quantification tool to further understand celecoxib uptake into both theranostic 

nanoemulsions as well as targeting efficiency into biological tissue. 
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A.3. MATERIALS AND METHODS 

 

A.3.1. Chemicals 

 Methanol, optima grade, and formic acid, optima grade, were purchased from 

Fisher Scientific (Fair Lawn, NJ, USA).  Methyl tert-butyl ether was purchased from Sigma 

Aldrich (St. Louis, MO). PFC nanoemulsions, celecoxib standards, and surfactant mixtures 

were provided by Dr. Jelena Janjic (Department of Pharmacy, Duquesne University, 

Pittsburgh, PA). 

 

A.3.2. Extraction of Celecoxib from Emulsion, Surfactant, and Cell Culture Matrices 

 Celecoxib was extracted from both PFC nanoemulsions and surfactant solutions for 

subsequent quantification by HPLC-QqQ-MS.  The nanoemulsions were prepared with 

1.38% Cremophor EL (CrEL) and 0.92% Pluronic P105 (P105) (w/v) and 0.188 mg/mL 

celecoxib.  The surfactant solution was prepared with 3% CrEL, 2% P105, and 1% 

dimethylsulfoxide (w/v) and 0.188 mg/mL celecoxib.  A 100 µL solution of celecoxib-

doped nanoemulsion or surfactant solution was diluted to 4.93 mL with methyl tert-butyl 

ether (MTBE).  The samples were sonicated for 3 × 10 seconds using a probe tip sonicator, 

followed by immersion in a sonicator bath for 30 minutes.  A 25 µL aliquot of the MTBE 

dilution was further diluted to 1 mL with methanol modified with 0.3% formic acid.  Both 

the nanoemulsions and surfactant solutions were diluted to celecoxib concentrations of 

200, 100, and 50 nM prior to extraction to determine percent recovery.  To eliminate any 

sample preparation or analysis bias, additional blind testing of nanoemulsions was 

conducted.  Four nanoemulsions were submitted for analysis with one containing an 
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expected celecoxib concentration of 367 µM, another containing 445 µM, and two acting 

as control samples. 

 The extraction procedure of celecoxib from macrophage cell pellets was derived 

from previous work of Vioxx extraction from cell lysate.241  Four cell pellet samples (A-

D) were submitted with pellet A containing 3.72 × 106 cells exposed to celecoxib 

containing nanoemulsion, pellet B containing 2.28 × 106 cells exposed to celecoxib 

containing nanoemulsion, pellet C containing 1.8 × 106 cells exposed to nanoemulsion in 

absence of celecoxib, and pellet D as the control containing 3.08 106 cells without exposure 

to nanoemulsion or celecoxib.  2 mL of deionized water was added to approximately 20 

µL of each cell pellet and mixed thoroughly with a micropipette to break apart the pellet.  

The solution was placed in a sonicator for approximately 30 minutes, probe-tip sonicated 

for 3 × 15 seconds, and placed back in a sonicator for an additional 30 minutes to ensure 

complete cell lysing.  Approximately 5 mL of MTBE was added to each sample and 

sonicated for 30 minutes.  The organic layer was pipetted off, transferred to a test tube, and 

dried under nitrogen gas.  The sample was resuspended in methanol modified with 0.3% 

formic acid.  Celecoxib standards were prepared and a calibration curve was created to 

allow for quantitative analysis of celecoxib extracts.  

 

A.3.3. Mass Spectrometry Analysis of Celecoxib 

 An Agilent 1200 series HPLC equipped with an Agilent 6460 QqQ-MS with APCI 

source was used for sensitive detection of celecoxib extracted from a variety of sample 

matrices.  A 6 minute isocratic elution profile was used consisting of 80% methanol and 

20% deionized water, both modified with 0.3% formic acid.  A Phenomenex C18 column 
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(4.6 × 100 mm, 2.6 µm particle size) was used with an injection volume of 15 µL and flow 

rate of 0.5 mL/min.  The MS instrumental paramaters are as follows:  fragmentor voltages 

of 135 V; dwell time of 500 ms; positive polarity; gas and vaporizer temperatures of 325 

and 350°C, respectively; gas flow of 4 L/min; nebulizer pressure of 20 psi; capillary 

voltages of 4,500 V (+) and 4,500 V (-); and corona current of 4 µA (+) and 10 µA (-).  

MRM was optimized to monitor elution of the precursor ion at 382 m/z [M+H]+ and the 

main product ion at 362 m/z with a collision energy of 30 V. 

 

A.4. RESULTS 

 Celecoxib, a COX-2 inhibitor, is of great interest in theranostic medicine for its 

anti-inflammatory and anti-cancer properties.  The HPLC-QqQ-MS methodology of 

detecting and quantifying celecoxib uptake into theranostic PFC nanoemulsions was 

developed to aid in the understanding of biological tissue targeting and therapeutic 

potential.  A standard mixture of celecoxib was prepared at varying dilution levels from 1 

– 500 nM and each sample run in triplicate to determine both linearity and reproducibility.  

Figure A-1 shows a calibration curve from the celecoxib standard data, with an R2 value of 

0.9989.  Three nanoemulsion samples and three surfactant solution samples, each of which 

containing 50, 100, and 200 nM of celecoxib, were extracted and prepared according to 

method details in Appendix 3.2, and their celecoxib concentration was determined using 

the standard curve.  Table A-1 summarizes the extraction results of celecoxib contained in 

both the nanoemulsions as well as the surfactant solutions.  A 73%, 63%, and 61% recovery 

was obtained for the 50, 100, and 200 nM nanoemulsions, respectively.  A 68%, 57%, and 

59% recovery was obtained for the 50, 100, and 200 nM surfactant solutions, respectively.  
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The data points are plotted against the standard curve in Figure A-1 to show average peak 

area at the expected concentration of each extract as compared with the corresponding 

standard. 

 A blind study consisting of two nanoemulsion standards containing 367 µM and 

445 µM and two control nanoemulsions without the presence of celecoxib were prepared 

and analyzed according to A.3.2.  A new celecoxib calibration curve was prepared with 

concentrations ranging from 1 – 500 nM for quantitation of the nanoemulsion extracts.  No 

celecoxib was detected in the two control samples.  The 367 µM emulsion was found to 

contain 235 µM in the extract, representative of a 64% recovery.  The 445 µM emulsion 

was found to contain 256 µM in the extract, representative of a 58% recovery. 

 Celecoxib concentrations were determined from the extract of four macrophage cell 

pellets, two of which were exposed to celecoxib containing nanoemulsion and two of which 

acted as controls.  A freshly prepared calibration standard was used to create a standard 

curve used for quantitation.  Pellets A and B were both exposed to celecoxib containing 

nanoemulsions and were found to contain 74.2 ng (973 nM) and 0.6 ng (8 nM) of celecoxib, 

respectively.  Pellet C was exposed to nanoemulsion without celecoxib and contained 5.5 

ng (76 nM) of celecoxib.  Pellet D was not exposed to any nanoemulsion and was found to 

contain 8.5 ng (111 nM) celecoxib. 
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Figure A-1.    Standard curve showing linearity and reproducibility of celecoxib standards run 

using HPLC-QqQ-MS.  The standards were prepared in a concentration range from 1 – 500 nM.  

The data points for each of the three nanoemulsion and surfactant solution extracts are shown 

with the concentration plotted at their expected values.  All samples were run in triplicate.  

 

 

 

 

Sample ID 
Expected Celecoxib 

Concentration (nM) 

Actual Celecoxib 

Concentration (nM) 

Celecoxib 

Recovery 

E50 50 36.6 ± 0.4 73% 

E100 100 63.4 ± 1.4 63% 

E200 200 121.5 ± 2.0 61% 

S50 50 34.0 ± 2.1 68% 

S100 100 57.4 ± 1.5 57% 

S200 200 118.0 ± 3.4 59% 

Table A-1.    Summary of celecoxib extraction from nanoemulsions and surfactant solutions.  

The expected celecoxib concentration reflects the sample preparation using known 

concentrations of celecoxib.  The actual celecoxib concentration reflects the calculated 

concentration of celecoxib extracted from each sample according to the standard curve.  The 

emulsions containing expected celecoxib concentrations of 50, 100, and 200 nM resulted in a 

percent recovery of 73%, 63%, and 61%, respectively.  The surfactant solutions containing 

expected celecoxib concentrations of 50, 100, and 200 nM resulted in percent recoveries of 68%, 

57%, and 59% respectively. All samples were run in triplicate. 
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A.5. DISCUSSION AND CONCLUSIONS 

 Instrumental parameters for highly sensitive detection of celecoxib using HPLC-

QqQ-MS were successfully developed.  The use of MRM detection allows for high 

selectivity towards the target analyte, eliminating any extraneous matrix effects.  

Fragmentation analysis from CID showed a quantitative product ion at 362 m/z, which was 

used for analysis.  A linear range of 1 – 500 nM was determined and displayed a high R2 

value of 0.9989.  The LOD for celecoxib was determined to be 15 femtomoles (1 nM).  

Celecoxib was shown to be successfully extracted from both PFC nanoemulsions as well 

as surfactant solutions, however, the measured concentration was always less than the 

expected concentration based on the amount of celecoxib added to each sample.  Several 

explanations for the rational of less than 100% extraction efficiency may exist, such as 

errors in initial nanoemulsion and surfactant solution uptake of celecoxib, surfactant 

strength effects on micelle formation, or even analyte degradation over the course of 

sample preparation, storage, and extraction.  The precise reasoning for the reported 

extraction efficiency, however, was not further pursued.  The percent recovery of celecoxib 

did appear to decrease as the expected concentration in both the nanoemulsions and 

surfactant solutions increased, potentially suggesting that the actual amount of celecoxib 

uptake into the respective samples was not as great as anticipated.  Average percent 

recoveries between nanoemulsions and surfactant solutions at the same expected 

concentration were comparable to one another.  A blind extraction study of nanoemulsions 

both containing and in absence of celecoxib showed expected results, with the two control 

samples containing no detectable amounts of celecoxib, and the two samples with drug 

having comparable percent recoveries to initial nanoemulsion extractions.  Inconsistent 
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results were noticed for the extraction of celecoxib from cell pellets.  One of the two pellets 

that was exposed to drug showed a significant amount of celecoxib (74.2 ng) in the 20 µL 

cell pellet extract, where the other pellet exposed to drug only contained 0.6 ng of celecoxib 

in the extract.  When analyzing the two control samples, the pellet exposed to 

nanoemulsions without drug contained 5.5 ng of celecoxib in the extract and the pellet 

exposed to neither nanoemulsions nor drug contained 8.5 ng.  With the second pellet 

exposed to drug displaying such a low amount of celecoxib, it can be deduced that the 

sample was either mislabeled or incorrectly prepared for the drug uptake procedure.  The 

two control samples found to contain low amounts of celecoxib show that sample 

contamination is likely of concern.  By analyzing samples using MRM, it can be confirmed 

that these two control samples did in fact contain drug, and clean blanks injected between 

each sample set show that there was no sample carry-over issues present.  Information 

pertaining to the amount of celecoxib that was added to each cell solution was not made 

available to the analyst, therefore the extraction efficiency was unknown.   

 In summary, the anti-inflammatory drug, celecoxib, is used to treat pain and 

inflammation relating to such diseases as osteoarthritis, rheumatoid arthritis, and acute 

pain, as well as show potential for reducing cancer risk by suppressing tumor growth.  The 

prospect of targeted drug delivery using nanoemulsions allows for the drug to selectively 

accumulate at the pathological site, thus increasing therapeutic efficacy and reducing both 

the number of and intensity of side effects.  PFC nanoemulsions present the prospect of not 

only a drug delivery vehicle, but also a fluorescent tracing probe that can be used to verify 

successful biodistribution using appropriate imaging techniques.  Here, we have described 

a highly sensitive and selective method of detecting celecoxib in a variety of sample 
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matrices, inclusive of surfactant solutions, nanoemulsions, and macrophage cells.  Future 

work of in vitro extraction and quantitation of celecoxib from pathological tissues, such as 

nerve cells, will be a concluding step in understanding and optimizing the uptake and 

delivery of chronic pain and anti-cancer treatments, with highly selective imaging 

techniques being used as verification. 
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