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1. Description of selected processes used for culturing cells in different MatriGrid®s 
and methods thereof 
1.1. O2 Consumption of a liver lobule theoretically 

The liver has a weight of 1.5 kg and supplied with an average of approximately 
1.5 l/min blood. One third of this blood flow is arterial blood [1]. The oxygen partial 
pressure of the oxygen-rich and nutrient-poor blood is 90 mmHg. The venous blood has 
an oxygen partial pressure of about 40 mmHg [2]. The liver consists of about 1.25×106 
lobules and these from about 2.0×105 hepatocytes [3]. The oxygen consumption of the liver 
is expressed with up to 6.5 ml/min and 100 g of liver tissue. 

With these data, the O2 consumption of a liver cell calculated from the following 
formula: 

qo2le = 6.5 ml / (100 g min) mle / VM = 261 mmol/h (1) 

qo2z = qo2le / (Nll Nzll) = 261 mmol / h / (1.25×106 2.0×105) = 1.04 pmol / h (2) 

This oxygen consumption rate (ocr) of hepatocytes is in the same order of magnitude 
as published by other groups [4]. The total flow of oxygen is calculated as follows: 

qo2g = qah co2ah + qpv co2pv = 677.6 mmol / h (3) 

Here are qah and qpv the arterial and venous flow rates and co2ah or co2pv give the cor-
responding O2 concentrations. In the liver lobule is blood flow decreased according to the 
number of lobules. 
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qll = qbl / Nll = 1.5 l / min / 2.0×105 = 1.2 µl / min (4) 

Means the total flow rate and the O2 flow, the average O2 concentration can be deter-
mined on the portal field. 

co2p = qo2g / qbl = 7.5 mol / m3 (5) 

The concentration of oxygen in central vein calculated by the following equation: 

co2cv = (qo2g - qo2le) / qbl = 4.6 mol / m3 (6) 

The size of the liver lobule is average 1.25 mm in diameter and 1.75 mm in height [5]. 
The shape is polygonal with most 6 vertices. The supply of the liver lobule takes place via 
the portal fields. The central vein is supplied with 3 till 6 portal fields [6]. 

In order to supply the liver lobule with cell culture medium, for example, the same 
amount of O2 must be provided. Since only approx. 0.18 mol/m3 oxygen dissolves in the 
medium under incubator conditions, the flow rate must be increased accordingly [4]. 

qme = qo2ll / Δo2me = qo2z Nll / Δo2me = 0.209 µmol / h / 0.174 mol / m3 = 20 µl / min (7) 

1.2. Micro Thermoforming 
Micro structuring process such as micro thermoforming was applied to produce the 

topographical patterns on the laminated heavy ion track etched polycarbonate (PC) mem-
brane with a thickness of approx. 55 µm. The laminate is formed from two polycarbonate 
films. A thinner non-porous film (6 µm Pokalon, Lofo Hightech film, Weil a.R., Germany) 
and a thicker porous film (50 µm PC, 1 Mio. pores/cm², it4ip, Louvain-la-Neuve, Bel-
gium). Both are laminated in an upstream process to form a semi-finished product. The 
hot lamination is carried out at approx. 190°C with a speed of 0.8 m/min. A constant con-
tact pressure of approx. 300 N at a roll width of 300 mm must be ensured. Together with 
a 50 µm FEP film (holscot Europe, Breda, Netherlands), which serves as a force transduc-
tion layer, precut pieces from 100 × 140 mm² where placed inside the thermoforming 
mold. The FEP layer was placed underneath the PC laminate, the sealed side of the lami-
nate faced the microstructures inside the mold. 

The mold was closed by the thermoforming machine (WLP 1600S, WICKERT Press-
tech, 76829 Landau i.d.Pf., Germany). During the Movement of the mold a vacuum was 
applied to the foil stack to keep it in place. After closing, the mold was heated to 100°C, 
the process chamber was overall evacuated and heated up further to 158°C. reaching this 
temperature a annealing time of 30 s was allowed to relax the foil. Subsequently the mold 
was completely closed and cooling immediately started. While closing completely a pres-
sure of 55 bar was applied in order to allow precise molding. Afterwards, the mold was 
kept under vacuum from the convex side and pressure from the concave side and cooled 
down. Reaching the release temperature of 80°C the pressure was release, the vacuum 
was vented and the mold starts to open. Finally, the newly structured PC membrane was 
carefully released from the mold and the FEP layer was peeled off. 

The so micro structured PC laminate was transferred to an etch bath an etched for 10 
to 15 minutes in 5 N NaOH- solution add 70°C. Afterward the structures were rinsed care-
fully and inspected via optical microscopy. 
1.2.1. Microcontact printing and chemical functionalization 

For the selective patterning of ECM molecules, proteins were applied only to the top 
features of PDMS stamp by inverted μCP. A glass coverslip was covered with collagen 
type I (C3867, Sigma) diluted to a concentration of 200 μg/ml, laminin (L2020, Sigma) di-
luted to working concentration of 100 μg/ml or fibronectin (F1141, Sigma) diluted to 
50 μg/ml in distilled water. In the meantime, the PDMS stamp was treated (150 W, 120 s) 
with oxygen plasma to achieve hydrophilicity and to ensure good transfer of proteins 
from a glass surface to the stamp features. An oxidized stamp was then turned upside 
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down such that the features were facing down and gently placed onto the protein-coated 
glass. To ensure a good contact of the stamp with the glass surface, the stamp was shortly 
pressed down using tweezers. After 30 min the stamp was carefully removed and finally 
used as a mold in the microthermoforming process. Therefore, microstructuring and mi-
crocontact printing were performed in one step. First, the patterned face of the PDMS 
stamp was placed in contact with the PC membrane, while a 50 μm FEP foil was placed 
underneath the porous foil. The asssembled stack was then inserted into the chamber of 
the microthermoforming machine and heated to 100°C; the process chamber was com-
pletely closed and evacuated. At 158°C the foil was tempered for 30 s, and a pressure of 
40 bar was applied to stretch the PC membrane over the PDMS mold. Afterward, the ma-
chine was cooled down and vented to atmospheric pressure. Finally, the newly formed 
PC film was carefully released from the PDMS mold and FEP foil to obtain patterned Mat-
riGrid®. 
1.3. Analysis of the MEA signals 

The evaluation software "DrCell" from the FH Aschaffenburg (BioMEMS Lab, Prof. 
Thielemann) was used to analyze the 2D and 3D MEA measurements of rat cortex neurons 
and neurospheres. "DrCell" is a MatLab toolbox. While the *.rhd files created by the NBS 
measuring system for the 3D-MEA measurements could be loaded and evaluated in 
"DrCell" without further conversion, the *.mcd files generated by the Multi Channel Sys-
tems measuring system must be used via the Multi Channel Data Manager and the 
MatLab Add-On "McsMatlabDataTools" can be converted to the *.h5 file format. 

For the analysis of the measurement signals, a fixed threshold value (threshold) was 
defined in "DrCell" in order to distinguish the cell signals from the noise. The cell signal 
must exceed this threshold to be counted as a spike. As the simplest method of calculating 
this threshold, 5 times the standard deviation of the measurement signal was used as the 
threshold. Using "DrCell", the 2D and 3D MEA measurements were filtered prior to anal-
ysis in order to remove artefacts (e.g. 50 Hz mains hum) from the signals. The signal needs 
to be filtered because the threshold increases with the level of noise, so that the threshold 
is higher for measurements with a lot of noise than any spikes that may occur. The com-
parison of an unfiltered and filtered measurement file is shown in figure 1. 
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Figure 1: (left) unfiltered signals from different electrodes, (right) filtered signals using "DrCell" 
software 

The signals from the individual MEA electrodes were analyzed using spike and burst 
events. Since spikes on different electrodes of a measurement can be positive (µV) or neg-
ative (-µV), both negative and positive spikes were counted in the analysis. Bursts were 
calculated using the Baker et al. [7]. The counted events are indicated by green (spikes) 
and yellow (bursts) triangles in the signal and are shown as numerical values for each 
electrode (see Figure 2). 

 
Figure 2: Example of a signal analysis using "DrCell" 

To display the spike and burst events, the voltage curves of the individual electrodes 
are displayed over the measurement time. The signal strengths of the individual elec-
trodes can be compared with one individual electrodes can be related. This makes it pos-
sible to identify possible false positive events from the spikes. Such false positive signals 
can be caused by vibrations in the laboratory (closing the door, movement near the sensor, 
manipulation of the sensor, etc.) or insufficient contact between the measuring system and 
the MEA when installing the MEA. If the same spike or burst sequence of non-adjacent 
electrodes is identical, a fault can be assumed. In addition to determining false positive 
signals, the raster plot can also be used to derive a dependency between the electrodes 
(stimulus transmission).  
1.4. Automated cultivation and drug administration 

The culture unit was constructed with the following properties: utilization of the in 
house-existing micro bioreactor and MatriGrid® scaffolds (Fig. 7 and Fig 2E in manu-
script), active perfusion of the 3D cell culture and automated medium change and sam-
pling of the culture medium for the purpose of analysis with the optional dilution. The 
fluidic network of the culture unit is divided into two parts (Fig. 10, in manuscript). The 
first part comprises the circulation loop, the bioreactor and the fresh medium reservoir. It 
is required to work under aseptic conditions; therefore this part is removable. The cell 
culture, supported on the MatriGrid®, can be inserted into the bioreactor and the whole 
circulation loop can be filled with culture medium under the clean bench. The second part 
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of the fluidic network was designed to handle sample or the waste medium from the bio-
reactor and the sterile operating conditions are not required. To avoid biomarkers absorp-
tion or adsorption on the surface of fluidic pathways, the design avoids using silicon ma-
terials like PDMS. The optimal flowrate for the perfusion of 3D grown HepaRG culture 
on MatriGrid® was found to be 12 µl/min. The culture unit was operated at 37°C in the 
CO2-incubator. 

The system developed and described in this work represents a robust 3D cell cultur-
ing tool with automated medium change and automated biomarker analysis intended for 
daily laboratory use to support long-term experiments with minimal contamination risk 
and additional labor-saving benefits. Careful selection of the fluidics construction materi-
als and optimization of fluidic components and operations allowed the construction of a 
flow-through based ELISA system which can offer automated reliability compared to a 
traditional manual assay format. We demonstrated the functionality of this system with 
polycarbonate-scaffold cultured HepaRG organoids, which, due to their hepatofunctional 
properties, can be used adequately for 2D-cultivated HepaRG cells in toxicity assays. In 
addition, automated 3D perfusion of HepaRG cultures appears to improve hepatofunc-
tionality compared to 2D cultured HepaRG cells for use in repeated dose toxicity studies 
with longer experimental durations. Taking all these benefits into account, the system has 
the potential to be utilized at larger scale levels with significantly higher throughput. This 
would greatly accelerate the development and testing of new drug therapies while simul-
taneously reducing cost and helping to improve existing alternatives to in vivo animal 
models for DILI evaluation. 
1.5. 3D Hepato MatriGrid® 

3D organotypic cell culturing was performed in porous polycarbonate scaffolds 
named MatriGrid®. Production and quality control of the scaffolds was described in detail 
in [36]. Porous polycarbonate films are patterned using our micro thermoforming tech-
nology, with only the cavity being porous [41]. Scaffold consists of a rectangular 50-mi-
cron thick biocompatible polycarbonate (PC) piece with a micro structured seeding area 
of 5 × 5 mm2 and 187 cavities. 
1.5.1. upcyte and HepaRG cell culture 

For long term culture experiments (up to 28 days) upcyte hepatocytes (donor 422A) 
were seeded in different cell numbers (50.000, 100.000, 150.000 cells) in MatriGrids® and 
cultured in hepatocyte performance medium (HPM). For comparison of 2D and Mat-
riGrid® upcyte hepatocyte culture, 100.000 cells (donor 10_03) were seeded and grown for 
7 days. Undifferentiated HepaRG cells were grown for maintenance in Williams' Medium 
E containing 10% fetal bovine serum (FBS), 5 µg/ml insulin, 5×10-5 M hydrocortisone hem-
isuccinate, 2 mM glutamine, 100 U/ml penicillin and 100 µg/ml streptomycin at 37°C in a 
cell incubator at 95% relative humidity and 5% CO2. HepaRG cells were seeded at a den-
sity of 50,000 cells in collagen coated MatriGrid®-scaffolds and grown for 28 days. After 
seeding, cells were cultured for 2 weeks in the maintenance medium. Thereafter, cells 
were shifted to differentiation medium on day 14 (supplemented with 1% DMSO). Me-
dium was renewed every 2 days. 
1.6.Lung MatriGrid® 
1.6.1. Seeding procedure 

For the 3D co-culture model of the alveolus, alveolar epithelial cells (A549) and en-
dothelial-like cells (EA.hy926) were cultured separately on both sides of the MatriGrid®. 
Epithelial cells are located on the apical side of the MatriGrid®, while endothelial cells are 
located on the basal side of the MatriGrid®. 

Prior to cell colonization, the basal side of the MatriGrid® was coated with collagen 
type I to enable better adhesion of the endothelial cell line. For this purpose, inserts were 
placed in Petri dishes with the MatriGrids® facing upwards and 25 µl of the collagen so-
lution was added to the basal side of the MatriGrid® and incubated for 1 h under the sterile 
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bench. After incubation, excess of collagen was discarded the basal side of the MatriGrid® 
was rinsed several times with DMEM+ to remove collagen residues. Collagenization of 
the apical side of the MatriGrid® was not found to be necessary for A549 cells. 

The cell lines used were cultured to confluence in small cell culture flasks in 5 ml 
DMEM (A549) or 5 ml DMEM+ (EA.hy926) up to a maximum of the 20th passage with an 
initial cell count of 1000000 cells per flask. 

The colonization of both sides of the MatriGrid® is shown schematically in Figure 13A 
(in manuscript), where the two cell lines are trypsinized from the culture bottle only 
shortly before being applied to the MatriGrids® in order to keep the stress on the cells as 
low as possible. The cell numbers were determined on the Casy CellCounter & Analyser 
(Innovatis). 

The first step was the colonization of the basal side of the MatriGrid® with EA.hy926 
cells. For this purpose, the inserts were placed in sterile Petri dishes with the MatriGrid® 
facing upwards, as for collagenization. According to the cell number, one drop of cell sus-
pension (25 µl) was added to the basal side of the MatriGrid® (Fig. 13A top left, in manu-
script). During a 4-hour incubation in closed Petri dishes in the incubator, the cells ad-
hered to the MatriGrid®. Subsequently, the inserts were transferred into 24-well MTPs. 
The individual wells were filled with 400 µl DMEM+ to ensure nutrient supply of the basal 
EA.hy926 cells. On the apical medium-free side of the MatriGrid®, the epithelial cells were 
seeded with 25 µl cell suspension (Fig. 13A top right, in manuscript). After another 2 h 
incubation for the adhesion of A549 cells on the apical side of the MatriGrids® in the incu-
bator, the 3D co-culture was transferred to a liquid-liquid-interface (LLI) culture for 24 h. 
For this purpose, another 400 µl were added to the apical side of the MatriGrids®. By 
transferring to new MTPs with 400 µl DMEM+, the 3D co-culture model is subsequently 
created as an ALI culture. In this culture variant, it is cultured with daily medium changes 
until biological endpoint analyses were performed. 
1.7. NEUROGRID® 
1.7.1. Brainbits 

Rat cortices from Brainbits® (E18 Sprague Dawley Rat, Brainbits®, USA) were used as 
the source for primary neurons. These specially prepared rat cortices are not frozen for 
shipment but are shipped in HEB medium. The dissociation of the cortices to obtain the 
cortical neurons is only performed in the laboratory after shipment. This avoids damage 
to the neurons from freezing and thawing of the cells. 

For the dissociation, the supplied protocol (Appendix 1) was carried out, which is 
based on the method of Brewer and Price (Brewer1993). In the first step, the cortices were 
transferred from the HEB medium to the dissociation solution (2 mg/ml papain in Hiber-
nate E medium without calcium (HE-Ca medium)) using a Pastuer pipette. Care was 
taken to pipette as little HEB medium as possible. This was followed by a 10-minute in-
cubation in a water bath at 30°C, during which the vial was gently inverted every 5 
minutes. After the incubation with as little dissociation solution as possible, the cortices 
were transferred back to the HEB medium with the Pasteur pipette and immediately dis-
pensed there for about 1 min. If the neurons were visibly detached from the cortex, the 
supernatant was transferred to a 15 ml reaction vessel after the non-disperse pieces had 
been removed. Approx. 50 μl of the suspension were left in the vial in order to remove the 
remains of the cortex. The transferred suspension was centrifuged at 1100 rpm and the 
supernatant discarded. The cell pellet was resuspended in 1 ml NbActic1 medium. The 
number of cells in the cell suspension was determined using the tryban blue assay and the 
corresponding number of cells was seeded. 
1.7.2. Neurospheres 

Neurospheres (NS) from neuronal stem cells (NSC) were used as the second neuronal 
cell material. The NS were differentiated from human embryonic stem cells (hEMC) into 
NSCs by the GSI Helmholtz Center for Heavy Ion Research in Darmstadt. All experiments 
were performed according to the German Stem Cell Act (approval registry numbers 
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3.04.02/0069 and 3.04.02/0069-E01, issued by the Robert-Koch-Institute, Zulassungsstelle 
für Anträge nach dem Stammzellgesetz, Berlin, Germany). These NSCs in turn were then 
cultivated at the GSI, but also in the laboratories of the TU Ilmenau with the following 
protocol to NS. 

In the first step, 6-well MTPs were coated with 1 ml Geltrex® under the sterile bench 
for 1 hour. Unused coated MTPs were sealed with parafilm and stored in a refrigerator at 
4°C. Stored plates must be warmed under the sterile bench for 15-20 min before use. The 
vials containing the frozen NSCs were thawed in a 37°C water bath. When only small 
pieces of ice were left, the entire content of a vial was transferred to 8 ml of cold NEM 
without growth factors (bFGF and EGF) (15 ml reaction vessel) and centrifuged at 200 g 
for 5 min. Then the supernatant was discarded and the cell pellet was resuspended with 
2 ml of warm NEM with growth factors (bFGF and EGF). The cell number was measured 
using the Casy Cell Counter, for which 50 μl of the cell suspension were pipetted into a 
10 ml Casy tube. The NSCs were seeded with a cell density of 2×106 cells per well on the 
coated 6-well MTP and supplied with 2 ml NEM with growth factors. The incubation took 
place at 37°C in the incubator, the cell culture medium was carried out every 2 days by 
replacing the entire amount of medium. 

The NSCs were passaged once a week when the cell culture area was fully grown. 
For this purpose, the medium was completely discarded and the wells of the 6-well MTP 
were washed with 1 ml warm PBS. After the washing step, the cells were detached with 
0.5 ml Accutase for 4 min. The detachment of the cells can be checked with the microscope. 
The detached cells were taken up in 1 ml PBS, after which the cell culture area was rinsed 
several times with this amount of PBS. The cell suspension was then centrifuged at 
1221 rpm for 4 min. The supernatant was discarded and the cell pellet was taken up in 
1 ml NEM, well resuspended and the cell count was determined on the Casy Cell Counter 
by transferring 50 μl of the cell suspension into a Casy tube with 10 ml Casyton. The NSCs 
were then filled into coated 6-well MTPs at a cell density of 106 cells per ml cell culture 
medium, pipetted with 2 ml NEM and incubated at 37°C. 

For the actual creation of the neurospheres, T25 cell culture flasks were coated with 
Anti-Adherence Rinsing Solution (company) in advance. For this purpose, 1 ml of the 
Anti-Adherence Rinsing Solution was pipetted into the T25 flask and the entire cell cul-
ture surface was wetted by swirling. Coating was then carried out in the incubator for 15 
minutes. In contrast to the passage to obtain the NSC culture, the cells after detachment 
were taken up in NS/B27 medium instead of NEM. The Anti-Adherence Rinsing Solution 
was completely removed from the cell culture flasks prior to loading the NSCs and re-
placed with 5 mL of NS/B27 medium with growth factors. The optimal cell density for 
creating Neurospheres is 1.1×106 NPCs per bottle. The incubation also took place at 37°C. 
It should be noted here that the closure of the cell culture flasks must be slightly open so 
that the cell culture is supplied with sufficient oxygen. Therefore, the cell culture flasks 
were incubated with the neck of the flask towards the back of the incubator to avoid con-
tamination. The neurospheres were cultured for at least 3-4 weeks before they were ap-
plied to MEAs or MatriGrid®s to avoid falling apart during transfer. The longer the neu-
rospheres are cultivated, the larger they become. The size of the NS should be adapted to 
the structure or the experiment. The medium was changed once a week. For this purpose, 
the cell culture flasks were removed from the incubator and placed upright under the 
sterile bench with the cap closed. The NS were then pipetted into 15 ml reaction vessels 
together with the entire medium from the bottles and the NS were allowed to settle for 15 
min. The NS/B27 medium was then discarded except for a residual amount of 1 ml and 
replaced with 4 ml of fresh NS/B27 medium. The neurosphere suspension was pipetted 
back into the respective cell culture flask and incubated with the lid open. 

If GSI neurospheres were used to study growth on MatriGrid®s and measurements 
on 2D and 3D MEAs, the NS were transported to Ilmenau. The transport took place be-
tween the 11th and 19th passage, with the number of passages depending on the quality 
of the neurospheres. The larger the neurospheres, the stronger the cell network and the 



 8 of 10 
 

more suitable they are for transport. Smaller neurospheres, in turn, have a stronger ten-
dency to stick to surfaces. The transport took place in NS/B27 medium without medium 
additives. After transport, the NS were transferred to fresh NS/B27 medium with medium 
additives and were cultivated for a maximum of 7 days without changing the medium 
before being applied to MEAs and MatriGrid®s. 
1.8. TissGrid® 
1.8.1. Explant preparation and superfusion/perfusion in TissGrid®-containing bioreactors 

Placenta explants were taken from fresh placentas shortly after birth. Uniformity of 
placenta explants was ensured by weighing. Up to the perfusion experiments placenta 
explants were stored in warm DMEM medium plus 10% FBS and Pen/Strep solution. One 
explant was placed in one TissGrid®, which was subsequently inserted in a bioreactor. 
Explants were flooded for 14 days either with perfusion or superfusion with flow rates of 
100 µl/min. Medium was changed automatically every 24 h. After 14 days explants were 
characterized by live dead staining. 
1.9. General methods for characterization of cell health, -function and -morphology 
1.9.1. Live/dead staining 

Neurospheres after outgrowth of neurons on structured and unstructured PC foil for 
11 days and placenta explants after 14 days superfusion or perfusion were incubated with 
culture medium contain 2 µM Calcein and 4 µM EthDIII for 45 min. Medium was dis-
carded and fresh PBS solution was added. Images were captured with an OLYMPUS laser 
scanning microscope FV1000 (Olympus, Germany). 
1.9.2. Immunofluorescence staining 

Upcyte hepatocytes (donor 10_03) were grown on coverslips (2D) or in HepatoGrids® 

for 7 days. A549 cells were grown in Lung MatriGrids® for 5 days in ALI culture. Neuro-
spheres were precultured for 5 days and then transferred to unstructured or structured 
PC foil. After 13 days incubation neurospheres were then stained. Cells or neurospheres 
were washed twice with PBS and fixed for 15 min with 4% paraformaldehyde. After per-
meabilization with 0.25% Triton in PBS for 5 min, cells were blocked with 5% BSA in PBS 
for 30 min. Upcyte cells were incubated with ActinStain- phalloidin for 30 min in the dark 
and afterwards incubated over night with a mouse anti human ZO-1 antibody followed 
by incubation with secondary Alexa Fluor 647 labeled goat anti-mouse antibody.  

A549 cells were incubated with mouse anti human ZO-1 antibody or with rabbit anti 
human E-Cadherin antibody over night. Subsequently incubation with either AlexaFluor 
647-labeled goat anti mouse Antibody or AlexaFluor 488-labeled goat anti rabbit antibody 
occurred for 1 h at RT in the dark. Neurons outgrown from neurospheres were labeled 
with mouse anti human anti ßIII tubulin antibody and with rabbit anti human MAP2 an-
tibody over night followed by incubation with AlexaFluor 647-labeled goat anti mouse 
Antibody or AlexaFluor 488-labeled goat anti rabbit antibody for 1 h at RT in the dark. 
Cells were mounted in Mowiol containing DAPI. Images were captured with an OLYM-
PUS laser scanning microscope FV1000 (Olympus, Germany).  
1.9.3. LDH Activation Assay 

To perform the LDH assay, first buffers, LDH Substrate Mix, NADH Standard, LDH 
Positive Control and the sample medium were thawed and brought to RT. Then the plate 
was loaded with standard, sample and positive control. Black 96-well MTPs with clear 
bottoms were used and samples and standards were measured in duplicate. standards 
were measured in duplet. For this purpose, a standard series was prepared from six con-
centrations and, depending on plate occupancy, 50 µl of the concentrations were pipetted 
onto the 96-well MTP. 

In addition, a NADH standard from Cayman Chemical was used, which was sup-
plied in a vial containing 1.5 mg of lyophilisate was supplied. The lyophilizate was dis-
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solved in 1808 μl of demineralized water to generate a 1.25 mM standard. For each meas-
urement, a standard series was generated. For this purpose, 25; 24; 23; 22; 21; 20 µl of 
buffer were first applied in duplicate to a 96-well plate. With the standard, the wells were 
filled to a volume of 25 µl, resulting in concentrations of 0; 1.25; 2.5; 3.75; 5 and 6.25 mM. 
For the samples, 20 µl of LDH Assay Buffer was placed in the appropriate wells and 5 µl 
of medium supernatant collected from perfusion experiments was added to the buffer. In 
addition, a positive control was also measured, for which 24 µl LDH Assay Buffer was 
mixed with 1 µl LDH Positive Control. Shortly before the measurement 25 µl Master Re-
action Mix (24 µl LDH Assay Buffer and 1 µl LDH Substrate Mix) were pipetted onto each 
well used. Subsequently, absorbance was measured immediately, after 5 minutes and af-
ter 10 minutes at 450 nm. 
1.9.4 Albumin-ELISA 

A commercially available human albumin ELISA quantitation kit (Bethyl laborato-
ries, Montgomery, TX, USA) was used for albumin measurement. The instructions of the 
albumin-ELISA quantitation kit were followed. Albumin concentrations of medium su-
pernatants from 48 h cultivation (experiments with HepatoGrids®) or from 24 h perfusion 
(repeated drug administration) were analyzed by comparison with a concurrently gener-
ated calibration curve in the range of 6.25 – 200 ng/ml. Albumin levels were normalized 
to the total cell number only in the experiments with HepatoGrids®. TMB substrate was 
used for the MTP ELISA (Immunochemistry Technologies, #6275). 
1.10. Nomenclature 
qbl Total blood flow rate (1.5 l/min 
qah Arterial blood flow rate (500 ml/min) 
qpv Venous blood flow rate (1000 ml/min) 
qo2le O2 consumption liver 
qo2z O2 consumption of a hepatocyte 
qll Total flow per liver lobule 
co2ah O2 concentration arteria hepatica (8.92 mol/m3) 
co2pv O2 concentration vena portae (6.83 mol/m3) 
co2p O2 concentration outside liver lobule (Zone 1) 
co2cv O2 concentration inside liver lobule (Zone 3) 
Nll Number of liver lobules 
Nzll Number of cells per liver lobule 
Δo2me Max usable O2 concentration in culture medium (0.174 mol/m3) 
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