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Minimum System Requirements 

 -   IBM compatible computer (PC not Mac), 400 MHz or faster, 

-   Windows 8.1 to Windows 10 operating system,  

-   Minimum 2GB RAM recommended, 

-   Minimum 1280 x 720 screen resolution, 

-   Internet connection for software installation, 

-   Microsoft Excel® (2013 or higher) or Notepad text editor for data logging.  

Check Package Contents 

Thank you for your purchase of the DIV-BBB 2.0! For your benefit, and to better enable us for future customer 

support, we recommend that you record the details below. Please ensure your kit has the following components: 

Ä 1 Flocel, Inc. TEER Measurement Unit  Ä 4 33mm glass media bottles, 125mL 

Ä 1 Flocel, Inc. Fluid Perfusion Unit Ä 4 33mm media bottle reservoir caps 

Ä 1 USB A to USB Micro B cable, 3ft.  Ä 4 in vitro cell culture modules with tubing 

Ä 2 RJ-45 Cat. 6 connector cables, 6ft. Ä 4 cell culture module mounting platforms 

Ä 4 RJ-45 Cat. 6 electrode cables, 1ft. Ä 8 male luer T connectors 

Ä 2 RJ-45 converter boxes Ä 8 reservoir cap connector tubes, 6in. 

Ä 1 USB 3.0 to 4-pin jack cable, 6ft. Ä 16 silicone caps with electrode pin 

Ä 1 AC power adapter cable, 6ft.   

 

 

Customer Support 

Name: Aaron Dadas, B.SC.ENG. Hours: 8:00AM ï 4:00PM EST 

Monday ï Friday 

Phone: (216) 644-3460 Website: https://www.flocel.com/ 

 

E-mail: 

 

aaron.dadas.85@gmail.com 

 

Address: 

 

4415 Euclid Avenue, #421  

Cleveland, Ohio 44103 
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Introduction 

Each year pharmaceutical companies spend millions of dollars to test drugs using in vitro models of the 

blood-brain barrier (BBB). Flocelôs family of Dynamic In Vitro Blood-Brain Barrier (DIV-BBB) products offer a 

unique and superior approach to this method by utilizing real human endothelial cells and the formation of tight 

junctions within its dynamic system, resulting in a physiologically accurate reflection of true BBB characteristics.  

Version 2.0 of the DIV-BBB model boasts a highly-modular subsystem design that allows the user to 

assemble and modify their experimental setup in a manner most befitting their test-specific needs:  

Overall, the DIV-BBB 2.0 enables more accurate pharmacokinetic and toxicological studies and reflects 

in vivo blood-brain barrier properties. Its replication of important endothelial cell-astrocyte interactions and ability 

to sustain up to four cell culture modules substantially reduces drug development cost and experimental time. In 

addition to BBB cell types, the cell culture modules allow for pericyte, epithelial and tumor cell growth.  

Examples of in vitro studies that can be performed with the DIV-BBB include:  

1) The isolation, growth and identification of cells 

derived from multicellular organisms. The DIV-BBB 

2.0 is permissive for the growth of endothelial, 

epithelial, glial and tumor cells, as well as pericytes. 

2) The use of surgical samples isolated from human 

brain or other organs where blood flow is of essence. 

3) The effect of shear stress in arteries and veins. 

4) The study of metastatic tumor migration from 

peripheral organs to the brain. 

5) The prediction of efficacy/toxicity in antitumor drugs. 

6) The in vitro characterization of the effects of drug 

transporters in human or rodent brain. 

7) Drug delivery via nanospheres, viral vectors and 

siRNA in humanized and rodent BBB models. 

8) The efficacy and penetration of antibody drugs or 

other large molecular weight protein. 

9) Distribution, metabolism, and excretion processes of 

drugs in a model of human body with hepatocytes, 

brain barriers and other peripheral organ systems. 

 

 

Figure 1: Experimental setup characteristics of the DIV-BBB 2.0. 

https://en.wikipedia.org/wiki/Multicellular_organisms
https://en.wikipedia.org/wiki/In_vitro_diagnostics
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DIV-BBB 2.0 Set-up 

Before proceeding through the set-up instructions for the DIV-BBB 2.0, please review the package 

contents checklist above to ensure that all materials have been provided. This section will outline the step-by-

step directions for connecting one cell culture module to the Fluid Perfusion Unit and TEER Measurement Unit; 

these steps should be repeated for all four modules, keeping careful consideration for proper cable connections.  

1. Place the Fluid Perfusion Unit, cell culture modules, RJ-45 Cat. 6 electrode cables, RJ-45 converter 

boxes, glass media bottles, media bottle reservoir caps, male luer T connectors, reservoir cap connector 

tubes and silicone caps with electrode pin in the incubator. A few silicone caps will already be connected 

to the T connectors; unless your experiment calls for an alternative set-up, leave these as they are. 

2. Secure the T connectors and silicone caps to each cell culture module, as shown below. The tubes for 

the T connectors will be labeled ñ1ò and ñ4ò, and those for the silicone caps will be labeled ñ2ò and ñ3ò. 

3. Secure the RJ-45 Cat. 6 electrode cable through the hole in the back of the cell culture mounting platform 

ideally using a zip tie to fasten it securely to the back stand of the platform. Fasten the cable close to 

where the jumper wires split apart, to allow enough cable length for connecting to the converter box. 

4. Connect each of the electrode jumper wires to its respective electrode pin on the cell culture module by 

matching the cover color on each jumper wire to its proper position on the module, assuming that the cell 

culture module is oriented with its stand in the rear and its electrode pins facing up, as shown above. 

 

 

Jumper Wire Cover Color Electrode Connection to Module 

Blue 1 Left 

Green 2 2nd from Left 

Yellow 3 2nd from right 

Red 4 Right 
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Note: The jumper wire cover color is NOT the same as the color of the jumper wire itself! Refer to the 

image below for the difference. The color of the jumper wire itself is insignificant. It is the cover color      

-the sheath at the connection point for each jumper wire- that determines how it connects to the module. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Make sure that each jumper wire is fully and securely locked on to the electrode pin. When connecting 

the jumper wire, the user should be able to loosely slide the electrode pin into the jumper wire, and then 

push it until a second -and more resistive- connection occurs. A fully-connected jumper wire should have 

anywhere from 0ò to 1/4ò of exposed electrode pin and should not disconnect with a gentle tug.  

 

Note: The electrode pins are sharp! Be careful not to prick yourself while inserting the jumper wires. 

 

The fully-connected cell culture module will look like the setup shown in the image below. 

Jumper wire color.  

NOT IMPORTANT. 

Cover color.  

USE THESE. 
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5. Secure the reservoir cap connector tubes onto each end of the capôs metal tubing (below, right). The 

female luer fitting of the connector tubes should be open. Connect these to the two cell culture module 

tubes with male luer fittings (it does not matter in which orientation these two tubes are connected). 

6. Secure the two remaining cell culture tubes (labeled ñP.I.ò for ñPump Inò and ñP.O.ò for ñPump Outò, 

respectively) onto the ñP.I.ò and ñP.O.ò barbs of the Fluid Perfusion Unit pump head (below, left). 
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7. Connect the 4-pin jack and AC power adaptor cables to the Fluid Perfusion Unit and run them out of the 

incubator, keeping in mind that both cables must be within reach of a wall outlet, as well as a computer 

with two available USB ports and the DIV-BBB 2.0 User Interface software package installed. 

At this point, the only remaining connections to be made should be the electrode cables to the TEER. 

Setting up these cables correctly is important, as the electrode cables -though similar in appearance- are 

different from each other and will not transmit signals if they are not connected in the proper configuration.  

8. The user should number their cell culture modules #1 ï #4 to coincide with commands from the software. 

9. The electrode cables should be connected to the TEER Measurement Unit in the following manner: 

Module #1 cable   >    RJ-45 Converter A, Port 1    >    RJ-45 Connector Cable    >    TEER Port A 

Module #2 cable   >    RJ-45 Converter A, Port 2    >    RJ-45 Connector Cable    >    TEER Port A 

Module #3 cable   >    RJ-45 Converter B, Port 3    >    RJ-45 Connector Cable    >    TEER Port B 

Module #4 cable   >    RJ-45 Converter B, Port 4    >    RJ-45 Connector Cable    >    TEER Port B 

10. Connect the USB A to USB Micro B cable between the TEER Measurement Unit and a computer with 

the DIV-BBB 2.0 User Interface software package installed. If this is the same computer that the Fluid 

Perfusion Unit is connected to, make sure that at least two USB ports on the computer are available. 

11. At any point after the system is set up, the electrode connections can be tested (provided there is a fluid 

running through your cartridge for the excitation signal to reach the electrode pins). If any of the electrode 

pins are not properly connected, the user will observe a flat line that is level-shifted (as shown below).  
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DIV-BBB 2.0 Hardware Details 

Fluid Perfusion Unit: 

 Note that the new pump offered by Flocel, Inc. can operate 

in peristaltic and pulsatile mode. For details, see  Appendix I. The 

DIV-BBB 2.0 operates with a Fluid Perfusion Unit that can be supplied 

from either a piezo micro-pump for single-cartridge experiments (Fig. 2, 

left) or four peristaltic pumps simultaneously (Fig. 2, right). These pumps 

can provide steady-state and pulsatile fluid flow through the cell culture 

modules and can be user-controlled for flow rate and beats-per-minute. 

With the peristaltic pump, the user may select from a variety of output 

pressures and tubing diameters which are displayed on our website. 

In vitro Cell Culture Modules: 

 Flocel, Inc. offers a wide array of single-use cell culture modules which are designed to perform reliably 

and consistently in both pharmaceutical and immunological testing conditions. These products range from the 

single fiber transmural cartridge for on-stage microscopy and drug extravasation trials (Fig. 3, left) to the multi-

fiber environment for high-throughput pharmacokinetic experiments (Fig. 3, right). All varieties of cell culture 

module -in accordance with the Fluid Perfusion Unit- promise a high-quality and confluent growth of luminal cells.  

Trans-Endothelial/Epithelial Electrical Resistance (TEER): 

A favored approach to analyzing cell culture modules is Trans-Endothelial/Epithelial Electrical Resistance 

(TEER), which provides a rapid evaluation of the cell layerôs integrity by measuring impedance across its 

boundary. The DIV-BBB 2.0 comes equipped with a TEER Measurement Unit and four docking platforms for cell 

culture modules, which can all be tested concurrently. Trials can be performed at sampling frequencies between 

0.1 Hz and 1 kHz, with frequency resolution of 0.1 Hz, for any duration of time; this data is automatically logged 

to an Excel or .csv save file of the userôs preference. These systems are controlled via the DIV-BBB 2.0 User 

Interface software package which is distributed from an online source after purchase of the system.  

 

Figure 2: The user may choose between a single 
piezo micro-pump (left) or a system of four peristaltic 
pumps (one of four pump heads shown on the right). 

Figure 3: Example of the single fiber transmural cartridge (left) and multi-fiber cartridge (right), compatible with both piezo and peristaltic pump setups. 
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DIV-BBB 2.0 Software Details 

The DIV-BBB 2.0 is controlled from the DIV-BBB 2.0 User Interface software package, an intuitive and 

regularly-updated platform that guides the user through configuration of the TEER and pump testing parameters. 

TEER Measurement User Interface: 

 The TEER Measurement User Interface is a standalone program created in MATLAB. There are four 

testing screens the user can navigate between without risk of interrupting active tests, which are as follows: 

1. Quick Measurement: Adjust testing parameters for the TEER (e.g., current gain, DC offset, etc.), and 

view plotted electrode data and impedance/phase angle values from one selected cell culture module. 

2. Single-Timepoint Frequency Sweep / Frequency Sweep Over Time: Perform either a single-timepoint 

sweep of a user-defined range of frequencies on one cell culture module, or -if the ñTime Sweepò 

checkbox is activated- select to have this frequency sweep repeated at user-defined time intervals. 

3. Single-Frequency Time Sweep: Perform a single-frequency, single module test for a user-defined 

span of time, with impedance and phase angle being plotted as a smoothed value over time. 

4. Multiplex (if multiplexed TEER is purchased): Perform the same functions as described in 2. and 3. 

with up to four simultaneous and independently-controlled cell culture modules. Results will be plotted 

and saved strictly based on the active channels that are selected under the Test Channels section. 

When a test is performed, the TEER Measurement User Interface controls the application of a sinusoidal 

waveform of controlled voltage and frequency from the jumper wire labeled ñ1ò to the cell culture module. This 

excitation signal travels to the interepithelial resistance barrier, where transmembrane impedance is recorded 

and measured. This process may occur with up to four active channels containing cell culture modules. 

Fluid Perfusion User Interface: 

The Fluid Perfusion User Interface is a second standalone program created in LabView. This program 

allows the user to control the fluid perfusion properties of up to four cell culture modules concurrently and 

independent of each other, due to modular design of the pump drivers. Both the flow speed and beats-per-minute 

of each pump can be defined, and the user may start or stop any of the four fluid perfusion motors at any time.  

The following precautions should be taken into consideration, when designing your experimental setup: 

- Both User Interface programs require separate USB connections to function properly.  

- USB hubs are not recommended as this may disrupt power distribution to the TEER Measurement Unit. 

- The motors must be manually shut off on the Fluid Perfusion User Interface before closing the program. 

- Disconnecting either USB cable during operation of the DIV-BBB 2.0 User Interface software package 

will require a manual reconnection, and might warrant a restart of the User Interface altogether. 
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Installing the TEER Measurement User Interface: 

Note: Do not attempt to connect the TEER Measurement Unit before all software installation is complete! 

 The TEER Measurement User Interface is distributed to each user via a Google Drive shared directory, 

so that any subsequent versions or patches of the software can be easily and rapidly redistributed. A Flocel, Inc. 

sales representative will be in active communication with each customer to ensure a complete setup of the 

software; in the event that a representative cannot be reached, contact the email provided in Customer Support. 

Once the Google Drive directory has been distributed, open it and navigate to DIV-BBB 2.0 > Software 

Installation > TEER Measurement User Interface and download the most recent application installer.  

Clicking ñDownloadò will bring up a warning that Google cannot scan the file for viruses, as it exceeds the 

maximum file size for scanning. Select ñDownload Anywayò and proceed with the software installation. Select a 

directory for the executable and MATLAB Runtime Library, and accept the Runtime Library User Agreement. 

Once the application is finished installing, select ñFinishò and navigate to the folder to run the program. 

Note: Make sure to run the User Interfaces as an Administrator! The programs may fail otherwise. 
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Installing the Fluid Perfusion User Interface:  

Note: Do not attempt to connect the Fluid Perfusion Unit before all software installation is complete! 

The Fluid Perfusion User Interface is distributed to each user via a Google Drive shared directory, so that 

any subsequent versions or patches of the software can be easily and rapidly redistributed. A Flocel, Inc. sales 

representative will be in active communication with each customer to ensure a complete setup of the software; 

in the event that a representative cannot be reached, contact the email provided in Customer Support. 

Once the Google Drive directory has been distributed, open it and navigate to DIV-BBB 2.0 > Software 

Installation > Fluid Perfusion User Interface and download the most recent application installer. Select an 

install directory for the executable and National Instruments library, and sign the License Agreement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The installation program will inform the user of which applications/libraries are being upgraded, and 

which are receiving new content. Click the ñNextò button to begin the installation process.  

  Once the application is finished installing, select ñFinishò and navigate to the folder to run the program.  

Note: Make sure to run the User Interfaces as an Administrator! The programs may fail otherwise. 
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Using the DIV-BBB 2.0 Software 

Navigating the TEER Measurement User Interface: 

See also results and examples in Appendix VI. The theory of operation can be found in Appendix II. Upon 

startup of the TEER Measurement User Interface, the user will be prompted to select which COM Port the TEER 

Measurement Unit is connected on. If this is not known, go to your computerôs Device Manager window and 

locate the COM Port titled ñArduino Dueò, ñArduino Due Programming Portò or some device of a similar name. 

 

 

 

 

 

 

 

 

If the selected COM Port is not recognized as that of the TEER Measurement Unit, a warning message 

will appear. The user may try again on a different COM Port, or the same port after reconnecting the device. 

 

 

 

 

 

 

 

 

If multiple attempts on the designated COM Port fail to recognize the device, and reconnecting the device 

both to the same COM Port and a different COM Port fails to establish a proper connection, contact the phone 

number or email in the Customer Support section and a representative will assist in troubleshooting the issue. 
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Upon connection, the program will allow you to toggle between four ñtest pagesò, as shown below: 

Quick Measurement:  

1. Help Buttons ï These appear next to every significant section of the program, and outline much of the 

information discussed in this manual. They are your best guide to conducting a test or interpreting results. 

2. Parameters ï These parameters are applied to all other test types, unless otherwise specified on a 

different test page. A green button indicates that the currently displayed value has been accepted. A gray 

button indicates that a new value has been typed in, but the button has not yet been clicked and the new 

value has not been accepted. A red button indicates that the user input is non-numeric and must be 

changed before a test can be conducted (as shown below). Hitting the ñEnterò key does not register a 

new user value, this is only accomplished by clicking the button next to each individual parameter. 
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3. Test Channel ï Select a cell culture module to test. This feature does not throw a warning if you attempt 

to test the wrong module; the user must ensure they have properly numbered each module before testing.  

4. Test Results ï Presents the results of each measurement for this test page. This field is refreshed with 

each test if the Graphics button is active. If the Save To File box was not checked and the user wishes 

to record this data, it must be manually recorded. The values presented in this section are as follows: 

- Impedance: Total resistance across the epithelial cell barrier, measured in ohm*cm2. 

- Phase Angle: Shift in phase between excitation signal and response signal, measured in degrees. 

- Res. E1 to E2: This resistance indicates whether there is leakage in the gasket securing the fibers. 

- Res. E2 to E4: ñCross voltageò value of the cell culture module. 

5. Save To File ï This box must be checked in order to log data from a given test. If this box is checked and 

the Measure button is clicked, the user will be prompted to select a file save location before a test is run. 

The two file options for data logging are comma-separated values (.csv) and Excel spreadsheet (.xlsx). 

If a test is canceled before it has run to completion and the Save To File box is checked, the program will 

save all data that had been recorded up to that point; any unused rows of the save file will be zeros.  

Note: An error will occur if you attempt to save to a file name that is already created and open on 

your desktop at the time of testing. Although the software is designed to catch this error without 

losing the test data, it is best to close out any previous files before saving a file of the same name.  

6. Measure ï For the Quick Measurement test page, this button runs a single-frequency scan on the 

selected channel. Raw (unfitted) plot data and Test Results will be displayed at the end of each test. 

7. Plot Types ï These buttons appear only after the first test has been conducted and data has been 

collected. ñRaw Dataò displays the unfiltered waveforms with their respective gains applied. ñFit Dataò fits 

each data trace to an ideal sinusoidal waveform. This function removes the electrode gains, calculates 

amplitude and phase angle, and replots these waveforms with the user-defined DC voltage offset. 

8. Plot Data ï A single plot displays the fitted and unfitted data as voltage (mV) over time (ms). 

9. Graphics ï Toggle on or off the automatic refresh of visual data for the Quick Measurement test page. 

 Note: It is important -particularly during tests with numerous data refreshes (i.e., a multiplex time 

sweep lasting longer than 12 hours) to turn off the Graphics buttons when they are not needed! 

The Graphics buttons should be turned off on all test pages, and only flipped on when the user 

is checking a test in progress or calibrating parameters on the Quick Measurement test page. 

Leaving the Graphics on for an extended time will eventually begin to lag the program. If a test is 

being conducted over multiple days, this lag may accumulate enough to affect the timing 

properties of the program and put the experiment at risk. Every test in the TEER Measurement 

User Interface has been ensured to operate smoothly when the Graphics are used in moderation 

throughout a test; thus, Flocel, Inc. is not liable for any errors, crashes or losses of data that 

occur due to the visual refresh feature being left active for an extended amount of time.  
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Frequency Sweep:  

1. Parameters ï Displays the parameter values that were set on the Quick Measurement test page. This 

includes the active test channel, but not frequency (this is determined as a frequency sweep range in 2). 

2. Frequency Sweep ï Select values for the minimum frequency, maximum frequency, step size between 

each test, and the number of tests that are averaged together for each individual frequency. 

3. Test Results ï Resistance values for each individual test; these values are not averaged. 

4. Time Sweep ï The user-defined frequency sweep is conducted over a span of time. These sweeps occur 

in line with the Frequency Sweep and Time Sweep parameters, each of which need to be re-selected 

once the Time Sweep box has been checked. Once the frequency sweep range has been input, the 

program will calculate the minimum time interval necessary to complete each sweep (you canôt run 1,000 

frequency scans every minute!). Although the test itself must be started by clicking the Measure 

button on the Time Sweep test page, all data will be plotted on the Frequency Sweep test page.  

5. Measure ï For the Frequency Sweep test page, this button runs a sweep through each frequency 

selected in the range from 2, and averages the number of tests selected by the Average value. 

6. Impedance and Phase Angle Plots ï Each data point represents the average value of impedance (top, 

in units of ohm*cm2) and phase angle (bottom, in units of degrees) for that respective frequency.  

7. Graphics ï Toggle on or off the automatic refresh of visual data for the Frequency Sweep test page. 
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Time Sweep:  

1. Time Sweep ï Select values for time interval between tests, duration of testing, number of data points 

that are smoothed over time, and number of tests that are averaged together at each time point. When 

the Time Sweep box on the Frequency Sweep test page is selected, the Data Smoothing and Averaging 

parameters will be fixed to 1 in favor of the similar Frequency Sweep parameters. If the user sets the 

Interval parameter higher than Duration, one initial timepoint will be taken and then the test will cease.  

2. Elapsed Time ï Displays elapsed time in a format of hours, minutes and seconds, as well as a ñtestingò 

indicator when the TEER measurement is being recorded and the plots are refreshing with new data. 

When the Time Sweep box on the Frequency Sweep test page is selected, the timer will also show here. 

3. Measure ï For the Time Sweep test page, this button runs a sweep through a user-defined duration of 

time, averages the appropriate number of tests per time point, and smooths the plot data over time.      

This Measure button is also used to begin a Time Sweep test on the Frequency Sweep test page.  

4. Impedance and Phase Angle Plots ï Each data point represents the average value of impedance (top, 

in units of ohm*cm2) and phase angle (bottom, in units of degrees) for that respective point in time.  

5. Graphics ï Toggle on or off the automatic refresh of visual data for the Time Sweep test page. 
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 Multiplex (if multiplexed TEER is purchased):  

1. Test Channels ï Select which cell culture module channels are active. Any unselected channels will have 

their respective plots ñgrayed outò to indicate that the plots will not be refreshed with test data (see above).  

2. Options ï Select whether the tests being conducted are a single-timepoint frequency sweep, single-

frequency time sweep, or a frequency sweep over a duration of time, as well as whether the plots will 

display impedance data or phase angle data. The test parameters for frequency sweep and time sweep 

must be defined in their respective test page; if the values input to either of these test pages is non-

numeric, the Set Plot Type buttons will indicate this with a red color until the values are fixed. The 

impedance and phase angle plot types may be changed before, during or after testing (minding a potential 

delay if the plot data is partway through a refresh). The Freq. Sweep, Time Sweep and F + T Sweep 

buttons, however, are locked during a test and can only be changed when the test has concluded. 

3. Measure ï For the Multiplex test page, this button is used to begin all tests outlined in 2., using values 

defined in that testôs respective parameter page, for any cell culture module channels set as active. 

4. Impedance and Phase Angle Plots ï Each data point represents the averaged value of impedance (in 

units of ohm*cm2) and phase angle (in units of degrees) for that respective point in along the x-axis 

(frequency in Hz, or time in minutes, depending on the test that has been selected). The plot display can 

be toggled between impedance data and phase angle data before, during or after testing. 

5. Graphics ï Toggle on or off the automatic refresh of visual data for the Multiplex test page. 

 

 

1 
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Navigating the Fluid Perfusion User Interface: 

 Upon starting the program, the user must select which COM Port the unit is connected to. If the program 

is turned on before the cable is connected to the computer, or if the cable is disconnected and reconnected while 

the program is open, the user must refresh the COM Port dropdown menu before the change will display.  

Once the connection is established, the user can turn on / off any of the four pump heads by selecting its 

corresponding Pump # button, setting the Speed and Beats-Per-Minute (BPM) and then clicking Send.  

Note: Each pump head must be manually shut off within the User Interface before closing it! 

 

 Under the Advanced tab, the user has the option to alter the 

speed alongside a function to delay the on and off cycles of each 

individual pump head. In addition, there is an option to directly input 

user commands to the Arduino microcontroller for debugging mode. 

It is recommended that this feature is only used for those who have 

prior experience with the Arduino programming environment, as 

improper commands to the microcontroller may disrupt operation of 

the pump heads or potentially damage the Fluid Perfusion Unit.  
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Appendix I ï Technical Specifications 

Cell Culture Module Specifications: 

Fiber type Hydrophobic capillaries  

Trans-capillary pore size   nominal 0.2 µm 

Number of hollow fibers   19 per module 

Total lumen internal volume   0.0123 in3 = 0.202 cm3 

Total lumen internal surface area  2.09 in2 = 13.5 cm2 

Volume of extra-luminal space (ECS) 0.070 in3 = 1.15 cm3 

Total hollow fiber area in ECS  3.50 in2 = 22.6 cm2 

 

TEER Design Specifications: 

Electrode gain capabilities   2x to 20x gain factor  

Excitation voltage range   +2 mV to +60 mV peak-to-peak 

Frequency sweep range   0.1 Hz to 1,000 Hz, 0.1 Hz resolution 

Time sweep range    Testing duration not constrained 

General 

Cables, TEER Measurement Unit  1 USB A to USB Micro B cable, 3ft. 

      2 RJ-45 Cat. 6 connector cables, 6ft. 

      4 RJ-45 Cat. 6 electrode cables, 1ft. 

Cables, Fluid Perfusion Unit   1 USB 3.0 to 4-pin jack cable, 6ft.    

      1 AC power adapter cable, 6ft.  

Power requirements     3.5 to 5.5 Volts, 25 mA from USB port 

Footprint, TEER Measurement Unit  Approx. 3 x 6 x 3 in. = 7.6 x 15.2 x 7.6 cm. 

Footprint, Fluid Perfusion Unit  Approx. 6 x 6 x 5 in. = 15.2 x 15.2 x 12.7 cm. 

Footprint, System-mounting Tray  Approx. 6 x 3 x 6 in. = 15.2 x 7.6 x 15.2 cm. 

Full Incubator Footprint    Approx. 12 in2 to 16 in2 = 30.5 cm2 to 41 cm2  

 

Pump Specifications: 
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Appendix II ï Theory of Operation 

Concept of Complex Impedance:  

Almost everyone knows about the concept of electrical resistance. It is the ability of a circuit element to 

resist the flow of electrical current. Ohm's law defines resistance as the ratio between voltage E and current I. 

R =                                                                     

While this is a well-known relationship, its use is limited to only one circuit element -- the ideal resistor. 

An ideal resistor has several simplifying properties:   

- It follows Ohm's Law at all current and voltage levels. 

- Its resistance value is independent of frequency.  

- AC current and voltage signals through a resistor are in phase with each other.  

The real world contains circuit elements that exhibit much more complex behavior. These elements force 

us to abandon the simple concept of resistance. In its place we use impedance, which is a more general circuit 

parameter. Like resistance, impedance is a measure of the ability of a circuit to resist the flow of electrical current. 

Unlike resistance, however, impedance is not limited by the ideal resistor properties listed above.   

Electrochemical impedance is usually measured by applying an AC potential to an electrochemical cell 

and measuring the current through the cell. Suppose that we apply a sinusoidal excitation potential. The 

response to this potential is an AC current signal of identical frequency which can be analyzed as a sinusoidal 

function. In applications where electrochemical impedance is measured the excitation signal is normally small, 

so the cell's response is pseudo-linear. In a linear (or pseudo-linear) system, the current response to a sinusoidal 

potential will be a sinusoid at the same frequency but shifted in phase, as demonstrated below. 
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The excitation signal, expressed as a function of time, has the form: 

E(t) = E0 cos (ɤ t) 

where E(t) is the potential at time t, E0 is the amplitude of the signal, and ɤ is the radial frequency. The 

relationship between radial frequency ɤ (expressed in radians/second) and frequency f (expressed in hertz) is:  

ɤ = 2 ˊ f 

In a linear system the response signal, I(t), is shifted in phase (ű) and has different amplitude, I0:  

I(t) = I0 cos (ɤt ï ű) 

An expression analogous to Ohm's Law allows us to calculate the impedance of the system as:  

Z  =    =  
π   

π    
  =  Z0  

  

   
 

The impedance is therefore expressed in terms of a magnitude, Z0, and a phase shift, ű. 

 

Appendix III ï Sterilization of the DIV-BBB 2.0 System 

The glass media bottles are the only items in the DIV-BBB 2.0 system that are autoclave-able (the silicone 

tubing and reservoir caps can be autoclaved as well, but their lifespan of use will be shortened considerably); all 

other components -including the reservoir caps, tubing and luer locks, 3-way stopcocks, cartridges and luer lock 

caps, Fluid Perfusion Unit, TEER Measurement Unit, power supply, cables, and tray- must be gas sterilized.  

Prior to beginning a routine ethylene oxide sterilization, products with a sterile claim needs to complete 

a validation process to ensure the Sterility Assurance Level claimed is met. The universal standard that provides 

guidance for completing such a validation is ANSI/AAMI/ISO 11135-1:2007, Sterilization of healthcare products 

- Ethylene oxide - Part 1: Requirements for development, validation, and routine control of a sterilization process.  

 Sterilizing the Autoclave-able Parts:  

1. To sterilize any autoclave-able parts, insert them into an autoclave-able pouch and seal the pouch. 

2. Steam autoclave the parts at 249.8 °F (121°C) for 45 minutes.  

3. After sterilization, immediately remove the autoclave bag and place it in a laminar flow hood to dry.  

Note: If possible, use a sterilization protocol with a dry cycle. This will reduce the amount of liquid in the 

autoclave bag and the possibility of the wet bag from tearing. Wet autoclave paper is not a sterile barrier.   
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 Gas Sterilization: 

To sterilize the gas sterilized parts, the recommended medium is Ethylene Oxide, at a sterilization 

temperature of 130 °F (54.4 °C). The following are recommended cycle times during the sterilization process:  

- Pre-heat Time: 30 min  

- Sterilization (by gas) Time: 1 hour and 45 min 

 Aerated Time: 12-18 hours  

The DIV-BBB 2.0 is reusable. After an experiment has been completed, one should flush out all the old 

cells by passing Tripson and PCB solution through the tubes, and gas sterilizing any recommended gas sterilized 

parts. The in vitro cell culture modules, however, should be replaced after one use to keep test results as 

accurate as possible. In extreme circumstances where a cartridge must be reused, gas sterilization is preferred.  

Warning: Gas sterilization may not completely remove all cells and residue from a cell culture module! 

  

Appendix IV ï Preparing the In vitro Cell Culture Module 

Cell Culture Guidelines:  

Proper sterilization techniques will ensure a long and efficient life for your cell culture module, and will 

minimize the risk of contamination. Use a needle to draw liquids into syringes. Droplets of media at the 

syringe/side port junction may introduce contamination. Perform all operations in a laminar flow hood, and ensure 

that the hood is clean before/during use. Avoid rapid movements and working directly over the samples. If it is 

necessary to open the front of the hood, be sure to allow time for the air inside the hood to completely exchange.  

The in vitro cell culture module contains a unique hollow fiber manufactured from a material that allows 

the hydrophobic binding of proteins to the fiber matrix. It is necessary to wet out the fiber using 70% ethanol/water 

to activate the fiber and allow proteins to attach. The recommended application for the cell culture module is the 

culture of endothelial cells under conditions of chronic shear stress. They are designed to be coated with 

appropriate matrix proteins such as fibronectin, collagen, gelatin or other proteins that facilitate the attachment 

of endothelial cells when inoculated onto the inside wall of the fiber. A solution of 10% FBS in standard cell 

culture medium can also be used. Endothelial cells attached in this manner can be subjected to various levels 

of reproducible shear stress for long term culture, up to 28 days or more. When grown under these conditions, 

endothelial cells behave very differently than when grown in static culture. Endothelial cells will lay flat, form a 

monolayer and orient to the direction of medium flow, forming tight junctions. Culture of endothelial cells under 

chronic shear stress is considered to be a more physiologic environment and closer to ideal in vivo conditions. 

The cell culture module is setup as a co-cultivation system in which endothelial cells are loaded into the lumen 

of the fiber and astroglial cells are placed outside of the fiber in the extracellular space (ECS).   



Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH.              25 
 

Setting up the In Vitro Cell Culture Module:  

1. Prepare the following items in the laminar flow hood: 

- 6 each - 5 or 10 ml syringes  

- 10-20 mI 70% ethanol/water sterile filtered  

- 10-20 ml sterile PBS  

- 10 mI sterile water 

2. Fill a syringe with alcohol solution and attach it to 3-way stopcock #1. Position the stopcock so that OFF 

is facing away from (parallel to) the module.   

3. Attach an empty syringe to 3-way stopcock #2. Position OFF so that it is facing away from (parallel to) 

the module. Flow should travel from the module to the syringe.  

4. Flush ethanol from syringe A to syringe D. The ethanol should be in contact with the fiber for at least one 

minute. You will be able to see the fiber ñwet outò.  

5. Drain any excess ethanol from the module using syringe D.  

6. Fill a fresh 10 ml syringe with sterile distilled water. Attach to 3-way stopcock #1.  

7. Empty syringe D of ethanol and re-attach.  

8. Rinse with sterile water. The water should be in contact with the fiber for at least 60 seconds. Flush back 

and forth between syringes A and D to remove ethanol. Remove excess sterile water using syringe D.  

Pre-coating the Cell Culture Module:  

1. Fill a new syringe with protein matrix solution (5-10 mI of coating solution, 1mg/mL in sterile PBS. Solution 

can be collagen, gelatin, serum or other appropriate matrix proteins) and attach to 3-way stopcock #1.   

2. Attach a new, empty syringe to 3-way stopcock #2. 

3. Attach new, empty syringes to side ports B and C.   

4. Position 3-way stopcock #2 so that OFF is facing towards the module.  

5. Flush protein solution from syringe A to syringe C through the fiber. Flush solution back into syringe A.  

6. Position 3-way stopcock #2 so that OFF is facing away from (parallel to) the module. Flush protein 

solution from syringe A to syringe D.  

7. Position 3-way stopcock #1 so that OFF is facing towards the module.  Flush protein solution from syringe 

D to syringe B and back to syringe D.  

8. Ensure that the module is filled with protein solution. Position the two 3-way stopcocks so that OFF is 

facing towards the module.  

9. Let protein solution coat the module for a minimum of 1 hour.  

10. Position both 3-way stopcocks so that OFF is facing towards the module. Remove the syringes and 

replace with sterile luer caps. Initiate pre-culture for 24 hours.  
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Loading Endothelial Cells:  

1. Prepare the following items in the laminar flow hood: 

- Four 5 or l0 ml syringes  

- Freshly harvested endothelial cells from 2 T75 flasks in a volume of 10 ml complete medium  

- 18 gauge or larger needle  

- 4 sterile male Iuer caps  

2. Attach syringes to 3-way stopcock #1 and side ports B and C.  

3. Using the large gauge needle, draw 10 mI of the endothelial cell suspension into the 4th (remaining) 

syringe. Remove the needle and attach the syringe to 3-way stopcock #2.  

4. 3-way stopcocks #1 and #2 should have the OFF position facing away from (parallel to) the module.  

5. Gently flush the cell suspension between syringe A and D through the inside of the module, 3 to 4 times. 

Leave half of the cell suspension in each of the syringes when finished.  

6. Turn 3-way stopcock #2 so that the OFF position is turned towards the module.  

7. Slowly transfer medium and cells from syringe A to syringe C. Excess medium will flow through the walls 

of the fibers and the endothelial cells will be trapped in the lumen of the fibers.  

8. Turn 3-way stopcock #1 so that the OFF position is turned towards the module. 

9. Turn 3-way stopcock #2 so that the OFF position is turned away from (parallel to) the module.  

10. Slowly transfer medium and cells from syringe D to syringe B. Excess medium will flow through the walls 

of the fibers and the endothelial cells will be trapped in the lumen of the fibers.  

11. Turn both 3-way stopcock #1 and #2 so that the OFF position is facing towards the module (3-way 

stopcock #1 should already be in this position).  

12. Place the endothelial in vitro cell culture module into the incubator for 4 hours WITHOUT flow to allow 

the endothelial cells to attach to the fiber; after the first two hours, rotate the module 180 degrees.  

13. After the 4-hour attachment period in the incubator, return the module to the hood. Remove the syringes 

and replace with sterile luer caps. Turn the 3-way stopcocks so that the OFF position is facing towards 

the position where the syringes were attached, and will allow medium to flow through the module. 

14. Connect the module to the Fluid Perfusion Unit and initiate flow at the lowest rate (Flow rate of 1 ml/min) 

for approximately 24 hours. This level of medium flow is sufficient to provide oxygen and nutrients to the 

endothelial cells without generating a level of shear stress that will remove the cells from the fiber. After 

24 hours, change the medium in the reservoir bottle. Retain the initial medium and count the cells that 

did not attach to the fiber. This will provide a direct indicator of the number of cells that attached to the 

fiber. Typically, 20-40% of the cells loaded will not adhere. If desired, the endothelial cell inoculation can 

be divided into two equal portions and the loading steps can be repeated.  
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Daily Maintenance Schedule:  

Day 1: Start the newly inoculated module with 25 ml of medium in the reservoir bottle. This will allow the 

accumulation of cytokines during the first few days of culture. Set the flow rate on the Fluid Perfusion User 

Interface software to 1 ml/min at any beats per minute (bpm) of your choosing.   

Day 2: Adapt the cells to an augmented level of shear stress by increasing flow rate to 2 ml/min. 

Day 3 and on: Further shear stress may be introduced by increasing flow rate by a max of 2 ml/min per day. 

Continue this process every day until the desired flow rate is achieved. Check the media reservoir bottle 

for endothelial cells that have washed from the module. This will give an indication of the cells remaining in the 

module. Change the cell culture medium when the glucose has been depleted by 50%.  

Expected Impedances:  

Within the first 2 weeks of cell culture the impedance should rise gradually, as in figure below. 

 

 

 

 

 

 

 

 

 

 

After such time, the impedance should level off to approximately 1500 ohms*cm2, as a monolayer of 

endothelial cells begins to form. Remember, this is a general expectation, and if a cultureôs impedance falls 

within this range of about 1500 ohms*cm2 it is adequate. In the first few days before the impedance levels off, a 

reasonable impedance would be from 300-500 ohms*cm2.  

 

NOTE: PLEASE REMEMBER THAT THIS IS TRUE ONLY WITH THE BASELINE IMPEDANCE REMOVED.  
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Flow Rate and Shear Stress:  

The formula to calculate shear stress at the luminal side of the fiber is expressed as: 

T = (4ɖQ/ˊR3) 

where: 

T = shear stress (dynes/cm2) 

ɖ = viscosity (dyne sec/cm2)  

Q = fluid flow rate (ml/sec/fiber)  

R = internal radius  

 Viscosity of cell culture medium with 10% FBS is approximately 0.008 dyne sec/cm, 

- Fluid flow rate must be converted from ml/min to ml/sec, 

- There are 19 fibers in the module, so the fluid flow rate must be divided by 19,  

- Fiber internal radius is 300ɛm (0.03 cm), so R3 = 0.000027, 

 - 1 mI/min flow rate per fiber = 0.0167 ml/min, 

Shear stress at 20 ml/min = 3.95 dynes/cm 
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Appendix V ï Frequently Asked Questions 

1.  How many EC and astrocytes would you suggest for the seeding? Approximately 1.5 x 106 cells. 

2. How many days after the EC culture starts would you seed the astrocytes? 2 days (48 hours). 

3. Once the astrocytes are seeded, when should we expect an increase in the TEER? The TEER will 

increase substantially during the first 5-7 days (this depends on which kinds of EC and astrocytes you 

are using, however). It will take approximately 2 weeks for the readings to reach steady- state.  

4. Would you recommend using the same media for cultures in Petri dishes and the in vitro cell 

culture modules? The growth media between these procedures are the same.  

5. How often would you suggest changing the media? It depends on the cells you are using (primary 

cultures vs. cell lines). For primary cultures, once every 2 weeks as they have a reduced mitotic index.  

6. Should we use the same volume of media as with the old Cellco system? Use half the media volume.  

7. How often should we check the concentration of glucose and lactic acid in the circulating media? 

It is recommended that these values are observed every 2 days during BBB development, then once a 

week. The metabolic index is an important parameter to assess cell growth and viability alongside TEER. 

8. How many days can you keep the module operational? A DIV-BBB remains viable for many weeks, 

unless contamination occurs. The Fluid Perfusion Unit and TEER Measurement Unit are both 

programmed to operate for indefinite periods of time, to accommodate long-term experiments. 

9. Can a cell culture module be re-used if the TEER remains unchanged after an experiment? If the 

TEER remains unchanged, the module can be reused again; otherwise, you can let the system recover 

while keeping it under monitoring to see if it returns to normal, then use it again for the next experiment.  

10. Do you have to subtract the ñbaselineò measurement from the TEER measurement, or does the 

four-point measurement technique already correct for the lead/media impedance? You have to 

subtract the ñbaselineò measurement by measuring the empty module before seeding the cells.    

Cell Extravasation Testing: 

1. Will you need a full BBB, or just permeability across a polypropylene tube under dynamic flow? 

If one uses only the hollow fiber without cells, the experiment is similar to an empty Transwell but with 

flow present and a static extra-capillary space. If an established BBB is used, one mimics a realistic 

replica of the venous compartment in vivo; this is important for testing purposes. 

2. If you need a BBB established before leukocytes are injected, do you need both glia and 

endothelial cells or just endothelial cells? Both glia and endothelial cells are needed. 

3. What do I need for a human experiment? A typical human study requires blood collection and volunteer 

consent, questionnaire, Ficoll gradient, and counts and separation. 

4.  Which is better to use, monocytes or neutrophils? This depends on your experimental design.  

5. How about freshly isolated leukocytes vs. cell line? Freshly isolated is better, but THPs can be used.  
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Appendix VI ï Examples of Save File Structure 

Excel Spreadsheet (.xls) File Structure: 
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Notepad Text Editor (.csv) File Structure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




