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Figure 44C shows a photograph image of one embodiment of a Chip with both channels attached 

to a reservoir and attachments for syringes fluidically connected by tubing (132) to a microchannel 

of a microfluidic chip (16) in turn fluidically connected to a reservoir (133). 

Figure 45A-C shows exemplary schematic diagrams for one embodiment of a Non Drug 

Absorbing Study Design: Pragmatic Approach. Figure 45A shows one embodiment for a Pull 5 

Mode – Recirculate as Step 1: Pull 30µL of media into the chip, exposing cells to freshly 

oxygenated media. A syringe (131) fluidically connected by tubing (132) to a microchannel (134) 

of a microfluidic chip (16) in turn fluidically connected to a reservoir (133). Figure 45B shows one 

embodiment for exposing chips, i.e. cells, to a test compound as Step 2: Incubate for 1 minute, 

allowing exposure of cells to a test compound. Figure 45C shows one embodiment for a Push 10 

Mode – Oxygen Exposure. Step 3: Push 30µL of media into outlet, exposing media to oxygen. 

Then repeat Steps 1-3 as desired.  

Fig. 46A-E shows illustrations and diagrams for exemplary embodiments providing 

recirculation for chips incubated within a pod. Fig. 46A Inlet reservoir (135); outlet reservoir 

(136); check valve (137); lines indicate tubing (138) fluidically connecting reservoirs with one 15 

channel (70) in a microfluidic chip (16). Fig. 46B shows a more detailed illustration of one 

embodiment for incorporation of a check Valve into a Pod. Inlet reservoir (135); outlet reservoir 

(136); check valve (137); Shortcut channel in Pod fluid layer (139). Fig. 46C shows an illustration 

of an engineering drawing for one embodiment of a check valve (137) as an exemplary Duckbill 

Check Valve. Fig. 46D shows exemplary photographs of pod reservoirs. Inlet reservoir (135); 20 

outlet reservoir (136); Shortcut channel in Pod fluid layer (139); Shortcut channel vias into 

reservoirs (140). Fig. 46E shows an illustration of a side view of the check valve in Fig. 46C. 

Dimension a of FIG. 46C may be between 2.03 and 2.10 mm (0.080 and 0.083 in) in one 

embodiment. Dimension b of FIG. 46C may be between 0.6 and 0.7 mm (0.022 and 0.026 in) in 

one embodiment. Dimension c of FIG. 46C may be at a minimum 3.1 mm in diameter (0.122 in) 25 

in one embodiment. Dimension d of FIG. 46C may be at a minimum of 1.4 mm in diameter (0.055 

in) in one embodiment. Dimension e of FIG. 46C may be a minimum 3.3 mm (0.130 in) in one 

embodiment. 

Figure 47A-B shows graphs demonstrating hepatocyte viability and function as albumin 

production (ug/million cells/day) when media is recirculated. COP Liver-Chip shows comparable 30 

(high) albumin production to PDMS Liver-Chip after dosing with compounds during 
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reciprocation. Comparative chips were not dosed. Chips were "perfused" with media each day 

during the experiment including both single-pass flow and reciprocation. 

Figure 47A shows exemplary data graphs comparing albumin production after 7 days of 

dosing. Static plates and microfluidic chips, constructed with PDMS or COP, are compared by 

several test conditions over time. albumin production after dosing with no recirculation, i.e.  a 5 
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an incubation pod, see exemplary Fig. 46A-E. As nonlimiting examples, exemplary pods are 

described in US20170055522, herein incorporated by reference in its entirety. 

Thus, in some embodiments, such recirculation devices are automated. In fact, additional 

embodiments are contemplated for recirculation devices, as described and shown in Figure 46 A- 

D. More specifically, a recirculation device as part of a pod operates by applying pressure to the 5 

inlet reservoir pushing fluid through tubing then through a microchannel in the chip where the 

effluent fluid enters the outlet reservoir. A shortcut channel is located in between the inlet and 

outlet reservoir has a check-valve that is closed for passing fluid through the chip to the outlet 

reservoir. To move fluid from the outlet to the inlet reservoir for recirculation, the outlet reservoir 

is then pressurized for pushing the fluid through a shortcut channel and the now open check-valve. 10 

The majority of fluid moves into the inlet reservoir as the path of least resistance through the open 

check valve. However, if in some embodiments it is decided that too much fluid is moving 

backwards through the fluid resistor of the backplane, then a check valve may be placed to prevent 

the effluent fluid from flowing back through the effluent port of the microfluidic chip.  

Fig. 46A-E shows illustrations and diagrams for exemplary embodiments providing 15 

recirculation for chips incubated within a pod. Fig. 46A Inlet reservoir (135); outlet reservoir 

(136); check valve (137); lines indicate tubing (138) fluidically connecting reservoirs with one 

channel (70) in a microfluidic chip (16). Fig. 46B shows a more detailed illustration of one 

embodiment for incorporation of a check Valve into a Pod. Inlet reservoir (135); outlet reservoir 

(136); check valve (137); Shortcut channel in Pod fluid layer (139). Fig. 46C shows an illustration 20 

of an engineering drawing for one embodiment of a check valve (137) as an exemplary Duckbill 

Check Valve. Fig. 46D shows exemplary photographs of pod reservoirs. Inlet reservoir (135); 

outlet reservoir (136); Shortcut channel in Pod fluid layer (139); Shortcut channel vias into 

reservoirs (140). Fig. 46E shows an illustration of a side view of the check valve in Fig. 46C. 

Dimension a of FIG. 46C may be between 2.03 and 2.10 mm (0.080 and 0.083 in) in one 25 

embodiment. Dimension b of FIG. 46C may be between 0.6 and 0.7 mm (0.022 and 0.026 in) in 

one embodiment. Dimension c of FIG. 46C may be at a minimum 3.1 mm in diameter (0.122 in) 

in one embodiment. Dimension d of FIG. 46C may be at a minimum of 1.4 mm in diameter (0.055 

in) in one embodiment. Dimension e of FIG. 46C may be a minimum 3.3 mm (0.130 in) in one 

embodiment. 30 
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In summary, 150uL/hr flow rate resulted in low albumin production for one embodiment 

of a Liver on-chip seeded with human hepatocytes in the upper channel and endothelial cells in 

the lower channel. Reciprocation as described herein, significantly improved albumin production 

in both PDMS and COP microfluidic chips. Therefore, in some embodiments, reciprocation is 

contemplated to increase function of cells seeded onto microfluidic chips as described herein. In 5 

other words, it is not meant to limit the type of microfluidic chip device for use with recirculation 
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Figure 47B shows exemplary data graphs comparing albumin production after dosing 

PDMS chips under conditions of a single pass flow at 150 ul/hr. on Days 5 and 6, then Day 8 

production with reciprocating fluid flow at 3600uL/hr compared to a single pass flow at 150 ul/hr. 

on Day 9. 

Figure 47C shows micrographs of liver cells on-chip on Day 7. Upper image is a bright 5 

field image while the lower image shows a colored immunofluorescent micrograph of dead cells 

stained with EthD-1 (red) and Hoechst stained nuclei (blue). Albumin measured before 

reciprocation (day 5) and after reciprocation (day 7) in the same chips (reciprocated for 24hrs on 

day 6), see Fig. 47A-B. 

These exemplary results support a linkage between the reciprocation protocol resulting in 10 

significantly increased albumin production and further support reversibility of these high levels to 

lower levels of albumin production on-chip. Thus, albumin production may be controlled within 

the same Liver On-Chip, such that when low-level albumin production is desired single pass 

nutrient media fluid flow may be used. When higher levels of albumen production are desired from 

the same Liver On-Chip then recirculation methods may be used to boost production levels. It is 15 

contemplated that by changing the length of recirculation time, that specific levels of albumen 

production from a Liver On-Chip may be obtained, i.e. tuned, using recirculation times up to 2 hrs; 

up to 6 hrs; up to 12 hrs; up to 24 hrs; up to 48 hrs; up to 72 hrs or more.  

Thus, some embodiments are contemplated to use microfluidic chips/devices without 

effluent fluid recirculation. In other embodiments, microfluidic chips/devices are contemplated for 20 

use with recirculation devices, see exemplary Fig. 44A-C and Fig. 45A-C. In other embodiments, 

microfluidic chips/devices are contemplated for use with recirculation devices in an incubation 

pod, see exemplary Fig. 46A-E. As nonlimiting examples, exemplary pods are described in 

US20170055522, herein incorporated by reference in its entirety. 

Thus, in some embodiments, such recirculation devices are automated. In fact, additional 25 

embodiments are contemplated for recirculation devices, as described and shown in Figure 46 A- 

D. More specifically, a recirculation device as part of a pod operates by applying pressure to the 

inlet reservoir pushing fluid through tubing then through a microchannel in the chip where the 

effluent fluid enters the outlet reservoir. A shortcut channel is located in between the inlet and 

outlet reservoir has a check-valve that is closed for passing fluid through the chip to the outlet 30 
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reservoir. To move fluid from the outlet to the inlet reservoir for recirculation, the outlet reservoir 

is then pressurized for pushing the fluid through a shortcut channel and the now open check-valve. 

The majority of fluid moves into the inlet reservoir as the path of least resistance through the open 

check valve. However, if in some embodiments it is decided that too much fluid is moving 

backwards through the fluid resistor of the backplane, then a check valve may be placed to prevent 5 

the effluent fluid from flowing back through the effluent port of the microfluidic chip.  

Fig. 46A-E shows illustrations and diagrams for exemplary embodiments providing 

recirculation for chips incubated within a pod. Fig. 46A Inlet reservoir (135); outlet reservoir 

(136); check valve (137); lines indicate tubing (138) fluidically connecting reservoirs with one 

channel (70) in a microfluidic chip (16). Fig. 46B shows a more detailed illustration of one 10 

embodiment for incorporation of a check Valve into a Pod. Inlet reservoir (135); outlet reservoir 

(136); check valve (137); Shortcut channel in Pod fluid layer (139). Fig. 46C shows an illustration 

of an engineering drawing for one embodiment of a check valve (137) as an exemplary Duckbill 

Check Valve. Fig. 46D shows exemplary photographs of pod reservoirs. Inlet reservoir (135); 

outlet reservoir (136); Shortcut channel in Pod fluid layer (139); Shortcut channel vias into 15 

reservoirs (140). Fig. 46E shows an illustration of a side view of the check valve in Fig. 46C. 

Dimension a of FIG. 46C may be between 2.03 and 2.10 mm (0.080 and 0.083 in) in one 

embodiment. Dimension b of FIG. 46C may be between 0.6 and 0.7 mm (0.022 and 0.026 in) in 

one embodiment. Dimension c of FIG. 46C may be at a minimum 3.1 mm in diameter (0.122 in) 

in one embodiment. Dimension d of FIG. 46C may be at a minimum of 1.4 mm in diameter (0.055 20 

in) in one embodiment. Dimension e of FIG. 46C may be a minimum 3.3 mm (0.130 in) in one 

embodiment. 

In summary, 150uL/hr flow rate resulted in low albumin production for one embodiment 

of a Liver on-chip seeded with human hepatocytes in the upper channel and endothelial cells in 

the lower channel. Reciprocation as described herein, significantly improved albumin production 25 

in both PDMS and COP microfluidic chips. Therefore, in some embodiments, reciprocation is 

contemplated to increase function of cells seeded onto microfluidic chips as described herein. In 

other words, it is not meant to limit the type of microfluidic chip device for use with recirculation 

of effluent media. In fact, it is not meant to limit the use of such recirculation devices and 
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methods to microfluidic Liver On-chips, such that other organ on-chips are contemplated for use 

including but not limited to Brain On-chips, etc. 
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CLAIMS 

1. A method of recirculating culture media through a microfluidic device, comprising:

(a) providing an assembly, comprising

(i) an inlet reservoir and (ii) an outlet reservoir connected by (iii) a shortcut

channel, the shortcut channel containing (iv) a single valve, and the inlet and5 

outlet reservoirs in fluidic communication with (v) a microfluidic device, the inlet

reservoir comprising fluid, the microfluidic device comprising inlet and outlet

ports, one of the ports linked to one of the reservoirs through a resistor; and

(b) causing fluid in the inlet reservoir to flow into the inlet port of the microfluidic

device while the valve is closed, thereby causing fluid to exit the outlet port of the one10 

or more microfluidic devices and enter the outlet reservoir as recirculated fluid;

(c) causing the valve to open, thereby permitting the recirculated fluid in the outlet

reservoir to move through the shortcut channel to the inlet reservoir; and

(d) causing the valve to close;

(e) flowing the recirculated fluid in the inlet reservoir into the inlet port of the15 

microfluidic device.

2. A method according to Claim 1, in which the fluid is moved in step (b) with pressure.

3. A method according to Claim 1, in which the single valve is a one-way check valve.

4. A method according to Claim 1, in which the majority of fluid in step (c) moves into the

inlet reservoir through the open check valve as the path of least resistance. 20 

5. A method according to Claim 1, in which the microfluidic device further comprises

cells.

6. An assembly, comprising:

(i) an inlet reservoir and (ii) an outlet reservoir connected by (iii) a shortcut channel,

the shortcut channel containing (iv) a single valve, the inlet and outlet reservoirs in25 

fluidic communication with (v) a microfluidic device, the inlet reservoir comprising
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fluid, the microfluidic device comprising inlet and outlet ports, one of the ports linked to 

one of the reservoirs through a resistor. 

7. An assembly according to Claim 6, in which the valve, when closed, is configured to

prevent fluid from moving from the outlet reservoir to the inlet reservoir.

8. An assembly according to Claim 6, in which the assembly is configured to move the 5 

fluid with pressure.

9. An assembly according to Claim 6, in which the single valve is a one-way check valve.
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