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Abstract

The process of bringing a drug to market involves many steps, including the preclinical stage,
where various properties of the drug candidate molecule are determined. These properties, which
include drug absorption, distribution, metabolism, and excretion, are often displayed in a
pharmacokinetic (PK) profile. While PK profiles are determined in animal models, in vitro
systems that model in vivo processes are available, although each possesses shortcomings. Here,
we present a 3D-printed, diffusion-based, and dynamic in vitro PK device. The device contains six
flow channels, each with integrated porous membrane-based insert wells. The pores of these
membranes enable drugs to freely diffuse back and forth between the flow channels and the
inserts, thus enabling both loading and clearance portions of a standard PK curve to be generated.
The device is designed to work with 96-well plate technology and consumes single-digit milliliter
volumes to generate multiple PK profiles, simultaneously. Generation of PK profiles by use of the
device was initially performed with fluorescein as a test molecule. Effects of such parameters as
flow rate, loading time, volume in the insert well, and initial concentration of the test molecule
were investigated. A prediction model was generated from this data, enabling the user to predict
the concentration of the test molecule at any point along the PK profile within a coefficient of
variation of ~5%. Depletion of the analyte from the well was characterized and was determined to
follow first-order rate Kinetics, indicated by statistically equivalent (p > 0.05) depletion half-lives
that were independent of the starting concentration. A PK curve for an approved antibiotic,
levofloxacin, was generated to show utility beyond the fluorescein test molecule.
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Pharmacokinetic Profile

The ever-rising cost of a drug passing clinical trials1~3 and becoming market-available4-%
results in a continuous demand for the development of tools to increase efficiency during the
drug development process. A key step in the drug development process is the preclinical
stage, where the pharmacokinetic (PK) profile of a drug candidate molecule is determined.
Currently, PK profiles are a standard determination in pharmaceutical research and yield
important information about a drug’s in vivo absorption, distribution, metabolism, and
excretion (ADME).

A typical protocol for generating a PK profile is to inject the drug candidate molecule into
an animal model, followed by composite sampling; that is, at every time point along the PK
profile, whole blood from a different animal is sampled before being analyzed by mass
spectrometry for the drug or its metabolites. These concentrations are then plotted as a
function of time to generate a PK curve, which contains information about minimum
effective concentration (MEC), therapeutic range, and duration of action. In vivo animal
studies, while providing a living system comparable to that of humans, consume large
quantities of materials and time and are highly technical, and the obtained data do not often
translate to human scale and metabolism.”=9 Recently, there has been interest in further
developing in vitro systems for use in tandem with current in vivo methodology to increase
efficiency of study design while reducing material costs. While in vitro PK profiles will
never be able to incorporate all of the variables present in an in vivo model, nor the
pharmacodynamic (PD) response, recent reviews19 and reports'112 in the literature clearly
demonstrate the need for improved in vitro models for PK/PD studies.

There are several established in vitro PK systems, which are categorized by the environment
in which the samples interact with the drug. The most basic environment is a static in vitro
model that monitors samples in a stationary environment where a fixed concentration of
drug is administered.13-17 Static models are ideal for PD profiling, which emphasize the
drug’s effect on the body. Unfortunately, static models are not ideal for PK profiling due to
challenges in manipulation of the drug concentration, a key feature in generating PK
profiles.”-10.18-20 Dynamic in vitro models (DIVMs) offer more flexibility in manipulating
drug concentrations by incorporating a flow component into the system. The drug
concentrations are usually altered by dilution methods, but the flow is in direct contact with
the sample and therefore this method may result in a loss of sample.”10:19.21-25 |n order to
counteract the loss of sample, diffusion-based DIVMs offer perhaps a more practicable in
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vivo mimic.1526-39 The sample is conserved in a diffusion-based DIVM by separating the
direct flow from the sample through the use of a membrane filter that allows for fresh
nutrients, drugs, and oxygen to diffuse to the sample, while simultaneously allowing the
removal of created waste.1926 Unfortunately, even diffusion-based DIVMs have
shartcomings such as labor-intensive sampling, consumption of high volumes (up to liters)
of perfusate to complete the profile, difficult recovery of the cells affected by the drug for
analysis, and low throughput.10-19

Microfluidic technologies*%41 may help overcome the volume consumption and sample
recovery challenges associated with diffusion-based DIVMs.#243 However, nonstandardized
fluidic devices developed by soft-lithographic procedures lack the automation potential and
ruggedness required for PK profile generation. Three-dimensional (3D) printing has the
potential to bridge the gap between microfluidics and the rigidity and reusability required for
automated infrastructure.*4-47 Here, we describe a 3D-printed fluidic device capable of
generating dynamic, in vitro PK profiles that also enables direct access to cells for
measurement of cellular PDs. The device utilized in this study is coupled with a disposable
Transwell insert whose bottom is composed of a porous semipermeable membrane that
separates a flowing stream of drug-containing buffer in the fluidic channels from a
standardsized microplate well.4® These fluidic devices provide a rigid reusable platform,
whereupon seeding specific cell types in the disposable cell culture inserts creates a
biomimetic system. Therefore, PK profiles obtained from animal models have the potential
to be recreated and further optimized. Prior to increasing the complexity of the system by
incorporation of cells into the inserts, the device was first characterized without cells by
using a fluorescent probe (fluorescein) and a well-established antibiotic, levofloxacin.48-50

MATERIALS AND METHODS

Three-Dimensional Device Fabrication

An Objet Connex 350 printer housed in the Department of Electrical and Computer
Engineering at Michigan State University was used to simultaneously print FullCure 810
VeroClear (Objet Geometries Ltd., Rehovot, Israel) and Fullcure 980 Tango-BlackPlus
(Objet Geometries Ltd., Rehovot, Israel) materials. The composition of both materials is
proprietary; however, the optically transparent FullCure 810 VeroClear material is composed
of isobornyl acrylate (15-30%), acrylic monomer (15-30%), urethane acrylate (10-30%),
acrylic monomer (10-15%), epoxy acrylate (10-15%), acrylate oligomer (10-15%), and a
photoinitiator (0.1-2%). The composition of the black, rubberlike Fullcure 980
TangoBlackPlus is urethane acrylate oligomer (30-60%), exc-1,7,7-trimethylbicyclo[2.2.1]-
hept-2-yl acrylate (1-20%), methacrylate oligomer (1-20%), resin polyurethane (1-20%),
and a photoinitiator (0.1-1%).

The 3D-printed devices were composed mostly of the Vero Clear material, with the Fullcure
980 TangoBlackPlus material used to fabricate an O-ring that lined the inside of the wells to
create a seal between Transwell inserts and the fluidic device. Postprint, the devices were
opaque, requiring fine sanding and either polishing or application of a clear lacquer to the
outside of the device (Rust-Oleum, Vernon Hills, IL) to achieve optical transparency.
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The designs for device development were created in-house by use of AutoDesk Inventor
Professional Student Edition (AutoDesk, San Rafael, CA). Figure 1A is an image of

the .STL file, while Figure 1B is an image of the polished 3D device. Devices were
fabricated in a 24-well plate format, containing six fluidic channels (2 mm x 2 mm). The
device was designed such that each channel contained a single Transwell insert, as shown in
Figure 1C. Threaded inlets and outlets were printed into the device to enable connections
with pumps. The threaded inlets and outlets also enabled a male luer fitting (F-120, IDEX
Health and Science, Oak Harbor, WA) to be directly screwed into the device without the
need of a female adaptor. The male luer fitting was connected to 5 mL syringes (Hamilton
Co., Reno, NV) by use of fused silica capillary tubing (536 xm i.d., 669.7 ym o.d.;
Polymicro Technologies, Phoenix, AZ). The syringes were then fitted to syringe pumps that
were used to administer drug(s) or reagent(s) to the device at controlled flow rates. All
experiments were performed at room temperature, approximately 22 °C.

Sample Preparation and Plate Reader Analysis of Fluorescein

Diffusion from the channels through the porous insert was first characterized with
fluorescein. Various concentrations (7.5, 15, and 30 ¢M) of fluorescein were prepared by
diluting a stock solution of fluorescein with deionized (DI) water. A representative PK curve
generated with 30 £M fluorescein is shown in Figure 1D. The concentrated fluorescein
solutions were pumped through the device at various flow rates (5, 10, and 15 zA_/min), but
most studies were performed at a constant flow rate of 10 zL/min. Cell culture inserts (0.4
um pore diameter polyester, Corning Incorporated, Corning, NY) were placed into the wells
and filled with 75 gL of DI water. When fluorescein was being pumped, 5 zL_ aliquots were
sampled from the insert, added to a 96-well plate, and diluted with 100 zL of DI water.
Depending on the desired Cyax, the fluorescein solution flowing through the device channels
was changed over to DI water (Figure 1D), starting the depletion process; 5 L aliquots were
still removed during this stage in order to quantitatively determine the diffusion of
fluorescein from the well insert back into the channel. Fluorescence was detected by use of a
commercial plate reader (excitation/emission 480/520 nm; Spectramax M4, Molecular
Devices, Sunnyvale, CA).

Sample Preparation and Multiple Reaction Monitoring Mass Spectrometric Analysis of
Levofloxacin

After characterization of the device with fluorescein, levofloxacin, an antibiotic, was used to
generate a PK curve with a commercially available drug. Levofloxacin (361.37 g/mol) was
also chosen as the drug molecule on the basis of its established PK profiles and similar
molecular weight as fluorescein. Prior to generation of PK curves, levofloxacin standard
solutions were prepared at concentrations ranging from 100 nM to 4 M in a physiological
salt solution (PSS) [2.0 mM CaClsy, 4.7 mM KCI, 11.1 mM dextrose, 12 mM MgSOy, 21.0
mM tris(hydroxymethyl)-aminomethane, and 140.5 mM NaCl (final pH 7.4)]. Similar to the
fluorescein characterization studies, a flow rate of 10 zA_/min was used to propel the drug
solutions, although 75 4L of PSS (rather than water) was added to the well insert. Aliquots
of 5 zL were sampled every 30 min and diluted with 80 gL of cold acetonitrile (Mallinckrodt
Chemicals, Phillipsburg, NJ) containing an internal standard, ciprofloxacin (750 nM). Upon
centrifugation (500¢ for 10 min) to remove any precipitants, the supernatant was removed,
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and the samples were added to a 96-well polycarbonate plate (Denville, Metuchen, NJ).
After the polycarbonate plate was sealed with a RapidEPS seal (BioChromato, Fujisawa,
Japan), the samples were analyzed on a Shimadzu high performance liquid chromatograph
(HPLC) coupled to a multiple reaction monitoring (MRM) tandem mass spectrometer
(MS/MS) with electrospray ionization (ESI) using a Waters Quattro Micro triple-quadrupole
mass spectrometer. A 10 pL sample from the sealed 96-well plate was injected into a
Supelco Ascentis precolumn that preceded a Supelco Ascentis Express C18 column (length
3cm, i.d. 2.1 mm, particles 2.7 um; Supelco, Bellefonte, PA). The samples were partitioned
through the following gradient at 0.45 mL/min: 95% A, 0% B for 0.25 min; 2% A, 0% B at
1.00 min; 2% A, 0% B at 1.25 min; 30% A, 15% B at 1.75 min; 30% A, 15% B at 1.90 min;
95% A, 0% B at 2.00 min. Solvent A is methanol, solvent B is acetonitrile, and solvent C is
1% formic acid in water. The retention times were 1.51 and 1.48 min for ciprofloxacin and
levofloxacin, respectively. Cone voltages were 25 and 30 V while collision energies were 40
and 30 eV for ciprofloxacin and levofloxacin, respectively. The collision gas, argon, had a
pressure of 1.96 x 1073 Torr. The monitored MRM transitions were 332.11 > 231.06
(ciprofloxacin) and 362.11 > 234.05 (levofloxacin). Calibration was obtained by plotting the
ratio of levofloxacin peak area to ciprofloxacin peak area against the concentration of
standard by use of the Waters MassLynx software (Milford, MA). Linear regression was
used to obtain an equation from which concentrations in samples were obtained from the
response ratios.

RESULTS AND DISCUSSION

Characterization of Device Parameters

Various parameters affecting the front portion of the PK curve including flow rate, initial
volume in the insert well, time, and initial concentrations are shown in Figure 2. Because the
device itself is designed to function as a diffusion-based model, flow rate should not be a
determinant in the generated profile. All of the aforementioned parameters were investigated
for validation purposes with fluorescein as a test molecule (diffusion coefficient of
fluorescein in water is 4.25 x 1076 cm2.s71) 51

The effect of flow rate (Figure 2A) on the PK profile was determined by maintaining the
initial concentration of fluorescein in the delivery syringe at 15 £M, the volume of buffer in
the insert at 75 gL, and the loading time at 1 h while the flow rate was varied (2.5, 5.0, 10,
and 15 g/min). Aliquots (5 zL) were removed from the solution in the insert every 0.5 h,
stored, and quantitatively determined by fluorescence emission signals from the fluorescein
that had diffused from the device channel through the pores of the insert and into the well.
The PK profiles obtained at different flow rates are shown in Figure 2A. The average Cyax
value (2.96 £ 0.33 1M) for each of these profiles was determined and, importantly, each
Cinax Value was statistically equal (o> 0.05), even at different flow rates. Therefore, the flow
rate, within the indicated range, does not have an impact on the overall Gy ax.

The starting volume of solvent in the insert will influence the overall PK profile, and
subsequent Cnax, due to differences in dilution experienced by the molecule diffusing from
the channel. Molecules diffusing into a larger volume will yield an overall lower Cpax, in
comparison to an insert containing a smaller volume over equivalent loading times. The
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loading time (1 h), initial concentration of fluorescein (15 M), and flow rate (10 zL/min)
were all held constant while the initial volume of DI water in the insert (50, 100, and 150
L) at the beginning of the experiment was varied. As the initial volume of water in the
insert well decreased, the measured concentration of fluorescein in the insert increased. As
shown in Figure 2B, a G,y 0f 4.8 £ 1.1 4M was determined after an hour of loading when
the initial volume in the insert was 50 zL. When the volume in the insert was increased to
150 4L, under the same conditions, the Cyax Was significantly reduced to 1.0 + 0.4 ¢M (p <
0.01, n=4). Therefore, it was determined that the starting volume of the liquid in the insert
is crucial to the overall design and associated predictive models of the PK curves obtained
from the diffusion-based DIVM.

The Gnax Values were also determined as a function of loading time, or the duration of time
fluorescein was pumped through the device channels prior to delivery of a fluorescein-free
buffer. A longer loading time will enable an increased amount of material to diffuse through
the membrane pores and into the well insert. Loading times of 0.5, 1.0, and 2.0 h were
investigated, and aliquots of sample were collected and quantitatively determined as
described above for the flow rate studies. The initial concentration (15 x#M) and flow rate (10
HL/min) were held constant through the duration of the experiment, the results of which are
shown in Figure 2C. After 0.5 h of flow, there was a measured Cyay 0f 1.3 £ 0.9 1M,
whereas after delivery of the fluorescein solution for 2 h, the Gy« increased almost 4-fold to
5.1+ 1.2 M.

The concentration of the diffusing molecule in the syringe (and thus, that delivered through
the device channels) will also have an effect on the concentration in the well. This effect was
determined by varying the concentration of fluorescein loaded in the syringe, while
maintaining a constant flow rate (10 zL/min), loading time (1 h), and volume in the insert
(75 ). As shown in Figure 2D, the Gpax Values in the well insert increased as the starting
concentration of fluorescein in the syringe pump was increased. A Cpax 0f 1.5 + 1.0 M was
reached when the starting concentration of fluorescein was 7.5 M, while the syringe
containing 30 M fluorescein resulted in a Gy 0f 9.1 £ 1.6 4M.

Other parameters affecting the depletion portion of the PK curve, Gyax, and &, were
examined and are shown in Figure 3. Elimination of the drug from the body is represented
by depletion curves, most of which display first-order kinetics. Therefore, it is necessary that
the diffusion-based DIVM display characteristics of a first-order elimination. The
elimination profile of the device was determined by adding 75 zL of fluorescein (ranging
from 2.5 to 15 1M) to the insert well, followed by delivery of DI water through the channel
for 6 h. This allowed determination of the rate of fluorescein depletion (diffusion) from the
insert into the channel (Figure 3A). The linearity of the elimination curves, generated by
plotting the natural log of the concentration in the insert (Figure 3B) as a function of time,
indicates that the depletion is a first-order elimination. The slope of the aforementioned lines
is the elimination rate constant, Kg_, which can be used to determine the half-life (#,) of
the drug (i, = 0.693/Kg). The half-life, a key PK parameter, is the time required for the
drug to reach half of its original concentration, with five half-lives indicating total clearance.
The half-lives corresponding to 2.5, 5, 7.5, 10, and 15 xM were 2.2 +0.8,1.9+ 0.8, 1.8
+0.5,1.9+0.3,and 1.73 £ 0.3 h, respectively (7= 4; errors indicate standard deviation).
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The measured half-lives were statistically equal (o> 0.05), thus indicating first-order
elimination profiles.

Generation of Predictive Models

A key component to the success of the device is the need to predict concentrations, such as
Cinax, at different time points along the PK profile. Such a model would enable one to
control the area under the curve (AUC), or a Cyay that would affect cells or tissues of
interest. The empirically generated parameters, reported in Figure 2, were used to generate a
predictive model of Gyax. Initially, the predicted concentration of fluorescein in the insert at
a specific time point was determined using regression statistics from the data in Figure 2.
For example, the slopes derived from the loading portions of the PK curves shown in Figure
2D were obtained and denoted as the loading rates. The loading rates were plotted with
respect to the corresponding concentration in the syringe. The slope from the plot of loading
rate as a function of starting concentration was then used to predict the initial concentration
that should be delivered through the channel to generate a specific concentration at a
particular time in the PK profile. To test the model, a concentration of 6.5 1M was desired in
the insert wells at time points of 5, 10, 15, 20, and 25 min, thereby requiring the initial
concentrations of fluorescein in the syringe to be 508.8, 254.4, 169.3, 127.3, and 101.8 M,
respectively (Figure 4). Table 1 shows the predicted values falling within statistical
agreement with the obtained values, with error ranging from <1% to <8% of the predicted
value.

Next, the prediction model was implemented to apply to a full PK curve with depletion
(Figure 5) for the antibiotic levofloxacin. Levofloxacin was chosen due to its similar
molecular weight to fluorescein, as well as a comparable diffusion coefficient in water>2
(5.01 x 1078 cm2.s71); therefore, a solution of levofloxacin having a concentration of 167.7
LM was prepared by use of the prediction model. Based on the model, a concentration of
25.6 1M was predicted at 1 h, with the determined experimental value statistically equal to
29.3+5.2 uM.

While the model seems capable of predicting accurate concentrations at particular points in
the PK profile based on starting concentrations in the pumping syringe, there are limitations
to the current method. For example, although the model was able to predict concentrations at
various times along the PK curve, Gyax generally occurred at times beyond our predicted
values. For the levofloxacin PK curve shown in Figure 5, Cyax 0ccurred at 1.5 hand at a
concentration of 36.1 + 5.3 xM. In other words, despite having stopped the flow of
concentrated levofloxacin, clearing the channels with buffer, and pumping levofloxacin-free
buffer at exactly 1 h, the amount of drug diffusing through the membrane pores into the
insert well continued to increase for an additional 30 min. Figure 6 provides evidence that
the molecules of interest, being pumped through the device, are readily being absorbed into
the material from which the device is fabricated, resulting in molecules leaching out of the
device into the channels during the depletion period and subsequently continuing to diffuse
through the insert pores. One of the main drawbacks of 3D printing is a limitation of
materials, with the composition of the aforementioned materials being proprietary. To
correct for analyte absorption (2.5 M) in the device walls (Table 2), adjusted concentrations
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were determined by use of Figure 6 (4.33 £/M) to obtain the desired experimental
concentration (2.97 + 0.50 £M) in the open well. A future manipulation of the device to limit
the absorbance of compounds into the material would entail coating with channels of the
device with polymers, such as polystyrene, to reduce compound transfer.

CONCLUSIONS

There is great potential for in vitro PK models to significantly impact the drug discovery
process by supplementing in vivo studies in the preclinical stage. Current in vitro PK
platforms consume large quantities of medium and have low throughput. The described
device reduces the volume consumption from liters to milliliters, while the device’s
amenability to automation enables the simultaneous collection of six PK profiles. Various
parameters, such as Cyay, loading concentration, depletion, and #,, were characterized on
this device, which mimics certain aspects of in vivo PK curves. Along with characterization,
the concentration and Gyax Values could be both manipulated and predicted depending upon
loading time and initial concentration. The aforementioned device, when coupled with in
vivo studies, has the potential to increase the efficiency of the drug discovery process while
simultaneously reducing the materials and cost associated with the preclinical approval
process.
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Figurel.
Three-dimensional printed device and general operating principle (A) .STL file of the

dynamic in vitro model (DIVM) after it was designed in Autodesk Inventor Professional
Student Edition. (B) Top view image of the polished 3D printed device composed of
VeroClear body and TangoBlack O-rings. The left three channels demonstrate the integration
of commercially available fittings into the 3D printed threads and Transwell membrane
inserts into the O-rings. (C) Cross section of a channel of the DIVM, illustrating the
integration of commercially available inserts and fittings. (D) (Top) Schematic
demonstrating the concepts of loading (green) and depletion (orange) within the device
based on concentration gradients. (Bottom) Pharmacokinetic curve obtained on the device
by loading with 30 M fluorescein for 2 h (green) before flushing the system with water for
the remaining 7 h (orange). n= 4; error standard deviation.
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PK profiles resulting from varying device parameters. (A) Varying flow rate (2.5, 5.0, 10,
and 15 z/min) with fixed initial concentration of fluorescein (15 ¢M), loading time (1 h),
and volume in insert (75 zL). PK curves were statistically the same (p > 0.05). (B) Varying
volume in insert (50, 100, and 150 L) with identical loading time (1 h), flow rate (10 g/
min), and initial concentration (15 ¢M) (p < 0.01). (C) Varying loading time (0.5, 1.0, and
2.0 h) of fluorescein with fixed initial concentration (15 x#M), flow rate (10 L/min), and
volume in insert (75 (L). (p< 0.01). (D) Varying initial concentration of fluorescein (7.5, 15,
and 30 xM) with fixed loading time (1 h), flow rate (10 xL/min), and volume in insert (75
uL). p<0.001; n=4; error standard deviation for all curves shown.
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Figure 3.
Depletion profiles of fluorescein in the 3D printed device demonstrating first-order

elimination. (A) Depletion profile generated from loading various concentrations of
fluorescein into the insert while DI water flowed through the channel. (B) Natural log of
concentration in the insert vs time, yielding information such as reaction order, elimination
rate constant, and half-life. The resulting half-lives were all statistically the same, indicating
first-order elimination (p > 0.05). 7= 4; error and error bars indicate standard deviation.
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Figure 4.
Control of loading profile demonstrated with empirically determined relationships. Based

upon loading times of 5, 10, 15, 20, 25 min and a theoretical desired concentration of 6.5
UM, various initial concentrations of fluorescein were obtained. At each loading time, the
observed concentration was statistically equivalent to 6.5 tM (p > 0.05); n= 4; error bars
indicate standard deviation.
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Figure5.
Proof of concept for the prediction model for concentration along the loading portion of the

PK curve. The proof of concept of the prediction model is tested by choosing a drug that has
a molecular mass comparable to that of fluorescein, here levofloxacin. The desired
concentration was 25.6 ¢M with a loading time of 1 h. The concentration in the syringes,
derived from the prediction model for 1 h of flow, was 167.3 4M. Experimentally,
fluorescein and levofloxacin were statistically the same, and at 1 h the concentration was
within error of the theoretical concentration. Importantly, the experimental Gpax is 43.0
+4.1 M. n=4; p>0.05; error bars indicate standard deviation.
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Figure 6.
Impact of absorption of fluorescein into the material of the device, analyzed by flowing

various concentrations (2.5-100 M) through the 3D printed device and sampling from open
well, which generally contains the insert. The linear effect observed in the graph enables a
mathematical model to be applied to correct for the absorption of fluorescein. 7= 4; error
bars indicate standard deviation.
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Table 1

Robustness of Empirical Prediction Model?

conen (UM)
loading time (min)  initial exptl
5 5088 6.0+15
10 2544 62%12
15 1693 65+18
20 1273 6.0%+08
25 1018 62%18

a N . . . i . . .
Loading times and corresponding starting concentrations of fluorescein in the syringe represent the experimental parameters and results of Figure
4. The experimental concentration in the insert was equivalent to the theoretical desired concentration of 6.5 M within the required loading time (o

> 0.05); n= 4; error bars indicate standard deviation.
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Table 2

Desired Experimental Concentration in the Open Well, Corrected for Analyte Absorption in the Device Walls?

concn (UM)

desired prevexptl corrinitial  corr exptl
25 1.25+0.22 4.33 2.97 £ 0.50
5.0 2.24 £0.56 8.66 4.66 +0.45
7.5 3.35+0.60 12.99 7.89+1.42

a . - . L - . .

Upon choosing various desired concentrations in the channel (e.g., 2.5, 5.0, and 7.5 £M) and correcting the concentrations by use of slope derived
from Figure 6, solutions were flowed through the device, and experimental concentrations in the open well were obtained. Each experimental
concentration was theoretically within error of the desired concentration. 7= 4; p> 0.05; error standard deviation.

Anal Chem. Author manuscript; available in PMC 2017 February 08.



	Abstract
	MATERIALS AND METHODS
	Three-Dimensional Device Fabrication
	Sample Preparation and Plate Reader Analysis of Fluorescein
	Sample Preparation and Multiple Reaction Monitoring Mass Spectrometric Analysis of Levofloxacin

	RESULTS AND DISCUSSION
	Characterization of Device Parameters
	Generation of Predictive Models

	CONCLUSIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1
	Table 2

