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ORGAN-ON-A-CHIP TECHNOLOGY 

Organ-on-a-chip (OoC) technology aims to mimic human physiology, adding controlled cell 

microenvironments and maintaining tissue-specific functions in cellular cultures. OoC can closely simulate 

the human microenvironment, mimicking organ-like functional units on a fluidic chip substrate, and simulate 

the physiology of tissues and organs1,2. 

This technology allows to improve cell and tissue engineering from primitive 2D static monocultures to 

complex 3D co-culture systems, overcoming the traditional drawbacks of 2D cell-culture technology in vitro 

and in vivo animal experiments, neither of which generate completely reliable results when it comes to the 

actual human biology 1,2 . 

 

 

 

Apart from the clear advantages in cell culture laboratories, this technology will become an increasingly 

important platform for in vitro drug development and screening. It is expected that OoC will allow huge 

reductions in the incidence of failure in late-stage human trials, thus reducing the cost of drug development 

and speeding up the introduction of drugs that are effective1,3,4. 

 

GENERAL ADVANTAGES OF ORGAN-ON-A-CHIP 

Physiological Flow: Complete numerical simulations, 

geometry and controlled flow conditions allow to 

reproduce physiological conditions. 

3D Cell Culture: Improved geometry to simulate 

physiological conditions for cell culture.  

Functional Assays: Such as toxicity test, circulating cell 

analysis, shear stress assays, dynamic studies, etc. 

 

Comparison of current biological experimental 

conditions in terms of control and reproducibility and 

physiological relevance.  

2D allows a fast and replicable way to analyze drug 

testing but without a suitable microenvironment. 3D 

in hydrogels enables culture in a suitable tissue 

microenvironment but does not provide a proper 

simulation of the physiology and pathology observed 

in vivo.  

Animal models allow in vivo analysis, but there are 

physiology and complexity differences with humans. 

Whereas, organ-on-a-chip (OoC) allow controllable 

cell culture, with a more physiologically-like 

microenvironment that permits a clearer way to study 

of the organotypic characteristics of human biology 

(Modified from Chen et al. (2021))3. 
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BFLOW ORGAN-ON-A-CHIP ADVANTAGES 

BFlow (spin-off from University and Heatlh Research institute of Santiago de Compostela, https://b-flow.es/) 

developed new OoC systems applying a UNIQUE TECHNOLOGY that allows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

COMPLETE SOLUTIONS:  

OUR READY-TO-USE KITS: 

BFlow kits are designed to introduce new 

researchers into OoC systems and to reproduce 

experiments like the following publications. 

PHYSIOLOGICAL FLOW CONDITIONS:  

BFlow numerical simulations allow to design the channels to reproduce the physiological flow 

into the OoC. The combination of these simulations and the microfabrication techniques have 

allowed to obtain the best flow condition in the chips. 

 

UNIQUE GEOMETRIES AND CHANNEL SIZES:  

BFlow microfabrication technology allows to make semi-

circular and circular channels with smooth slopes in a range 

from mm to hundreds of microns. These geometries can 

reproduce the physiological dimensions of main human 

blood vessels. 

 

https://b-flow.es/
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BFLOW DATA 

1. DETERMINATION OF HEMODYNAMIC RISK FOR VASCULAR DISEASE IN 
PLANAR ARTERY BIFURCATIONS 

Scientific Reports | (2018) 8:2795 | DOI: 10.1038/s41598-018-21126-1 

Alberto Otero-Cacho, María Aymerich, M. Teresa Flores-Arias, Miguel Abal, Ezequiel Álvarez, Vicente Pérez-Muñuzuri & Alberto P. 
Muñuzuri. 

Understanding hemodynamics in blood circulation is crucial in order to unveil the mechanisms underlying 

the formation of stenosis and atherosclerosis. In fact, there are experimental evidences pointing out to the 

existence of some given vessel configurations that are more likely to develop vascular pathologies. Otero-

Cacho et al performed an exhaustive investigation with bifurcated chips from BFlow aiming to characterize 

the local physical conditions in disease prone regions. The performed analysis is based on numerical 

simulations (via CFD) and on experiments with the appropriate parameters and appropriate fluid flows.  

The results obtained demonstrate that low velocity regions and low shear stress zones are located in the 

outer walls of bifurcations. In fact, the authors found that there is a critical range of bifurcation angles that 

is more likely to vascular disease than the others in correspondence with some experimental evidence. 

 

 

 

KEY POINT: BFlow Vessel-on-a-chip has allowed to reproduce the local flow alterations 
observed in human blood vessels such as coronary artery bifurcations.   

Schematic representation of the analysis performed in the work from Otero-Cacho et al.  
Top, numerical simulations were performed on a bifurcated channel with three different bifurcation angles (25°, 
90° and 120°). On the top right panels is represented the spatial distribution of the flow velocity in the indicated 
section of the channel when a simulated sucrose solution is circulated in the device at 27 ml/min. 
Bottom, schematic experimental set up of two peristaltic pumps which were used to pump ferroin and sucrose 
solution from their corresponding reservoirs. The mixture of both fluids occurs in a Y-shaped bifurcation and after 
that, the mixture enters the BFlow Vessel-on-a-chip that is illuminated with a LED to be registered by a CCD camera.  
The bottom right panels show the local flow velocity magnitude with an input velocity of 0.2 m/s in half geometry 
for three different bifurcation angles (25°, 90° and 120°). Elements in the setup: [1] CCD Camera, [2] PDMS 
Geometry, [3] LED, [4] Reservoir (Sucrose Solution), [5] Peristaltic Pumps, [6] Reservoir (Ferroin), [7] Reservoir 
(Ferroin + Sucrose Solution).  
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BFLOW DATA 

2. HAEMODYNAMIC - DEPENDENT ARREST OF CIRCULATING TUMOUR CELLS AT 
LARGE BLOOD VESSEL BIFURCATIONS AS NEW MODEL FOR METASTASIS 

Scientific Reports | (2021) 11:23231 | DOI: 10.1038/s41598-021-02482-x  

Carlos Casas‑Arozamena, Alberto Otero‑Cacho, Bastian Carnero, Cristina Almenglo, Maria Aymerich, Lorena Alonso‑Alconada, Alba 

Ferreiros, Alicia Abalo, Carmen Bao‑Varela, Maria Teresa Flores‑Arias, Ezequiel Alvarez, Alberto P. Munuzuri & Miguel Abal. 

Homing of circulating tumour cells (CTC) at distant sites represents a critical event in metastasis 

dissemination. In addition to physical entrapment, probably responsible of the majority of the homing 

events, the vascular system provides with geometrical factors that govern the flow biomechanics and 

impact on the fate of the CTC.  

Casas-Arozamena et al used chips from BFlow to test the adhesive capabilities of the CTC due to local flow 

effects such as recirculation or increased endothelial interactions. This perfusion model was performed and 

compared both in vitro using Vessel on a chip and mice models. Apart from the cellular interactions, Vessel-

on-a-chip models allowed to demonstrate that viscosity, as a main determinant of the Reynolds number that 

define flow biomechanics. This physical feature may limit CTC accumulation at the bifurcation of blood 

vessels, partially supporting some positive effects observed in the clinical setting by anticoagulants in 

advanced oncology disease. 

 

 

 

 

  

Representative fluorescence images of the trajectories of GFP-tagged CTCs in the microfluidic chambers.  

On the left, Minoritarian component following the inertial trajectories towards the low-velocity area at the carina 

(arrowhead in left panel, carina indicated with dashed lines). On the right, microscopic image of the carina with 

adhered CTC it. 

Representative fluorescence images of the in vitro 

and in vivo CTC arrest.  

(A) Dialkylaminostyryl dye (DiD)-labelled CTCs (red) 

arrest at the bifurcated chip covered with calcein-

AM-labelled primary HUVEC cells (green endothelial 

monolayer). 

(B) Representative image of GFP-labelled CTC 

(green) perfused in mice before direct labelling of 

the vasculature of the lung (red blood vessels), 

illustrating the CTC arrest at the carina of vessel 

bifurcations (arrowhead) in an in vivo preclinical 

model.  

https://doi.org/10.1038/s41598-021-02482-x
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Key point: Local flow effects in the Vessel-on-a-chip demonstrate the physical factors 
implicated in the circulating tumour-cells arrest, essential process for metastasis. 
 

 
BFLOW DATA 

 
3. IMPACT OF ENHANCED PHAGOCYTOSIS OF GLYCATED ERYTHROCYTES ON 

HUMAN ENDOTHELIAL CELL FUNCTIONS 

Cells |(2022) 11: 2200 | DOI: 10.3390/cells11142200  

Chloé Turpin, Marie Laurine Apalama, Bastian Carnero, Alberto Otero-Cacho, Alberto P. Munuzuri, Maria Teresa Flores-Arias, Erick 
Vélia, Olivier Meilhac, Emmanuel Bourdon, Ezequiel Álvarez & Philippe Rondeau. 

Diabetes is associated with a high mortality rate due to vascular complications. Chronic hyperglycemia is 
behind of the enhanced oxidative stress and glycation, which is directly linked with endothelial dysfunction. 
Turpin et al explored the impact of glycation on human erythrocytes and their capacity to affect endothelial 
cell function. Glycated erythrocytes presented lower deformability, advanced glycation end-product content, 
eryptosis and increased oxidative modifications. Interestingly, glycated erythrocytes were more phagocyted 
by endothelial cells, compared with the control erythrocytes, leading to increased iron accumulation, 
oxidative stress and impaired endothelial cell permeability.  

When cultured under flow conditions using used BFlow Vessel-on-a-chip, glycated erythrocytes disrupted 

endothelial cellular integrity in areas particularly prone to vascular complications. This study provides 

important new data on the impact of glycated erythrocytes on endothelial cell function with adverse 

consequences on diabetic vascular complications.  

Differential CTC arrest depending on the bifurcation angle.  

Top left panel, simulations illustrating the distribution of areas of color-coded flow velocities depending on the angle 

of the bifurcation (30°, 45° and 90°). Bottom left panel, representative fluorescence GFP-tagged CTC images of 

arrested cells at the carina as the angle of the bifurcation increases. Right panel, quantification of arrested CTC 

calculated by integrated intensity. *: p < 0.05. 
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Key point: In this work, the use of BFlow Vessel-on-a-chip help to explore the 
phagocytosis of erythrocytes by endothelial cell in non-laminal flow regions of the 
blood vessel. 

  

Impact of glycated erythrocytes on HUVECs in flow conditions.  
(A) Representative images of Human Umbilical Vein Endothelial Cells (HUVEC) covering the inner walls of the fluidic 
devices, stained with Hoechst 33342 (nuclei) after flow assays where no erythrocytes (CTRL), normally glycated 
erythrocytes (G5), and highly glycated erythrocytes (G100) were circulated in the channels for 5 h at 3 mL/min. 
Images are taken at the bifurcation or in the main channel of the fluidic device as indicated by the red circles in the 
image. White arrows indicate regions lacking HUVEC at the end of the experiments.  
(B) Quantification of the number of cells for each experimental condition at both parts of the device (bifurcation and 
main channels). Columns represent the mean value _ SEM (in vertical bars) of at least three independent 
experiments. * p < 0.05 with respect to control. 
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SOME TESTIMONIALS OF OUR CLIENTS 

  

 

“The BFlow vessel-on-a-chip have made it possible to simulate the particular flow conditions of 

the bifurcations of blood vessels, and to describe a new mechanism of deposition of tumor cells 

that spread in circulation and that can potentially result in the generation of micrometastases. 

The versatility of their product has also allowed us to modulate different clinically relevant 

situations to characterize this phenomenon and propose solutions that can be transferred to 

clinical practice in oncology in the future. 

We are very happy with the quality of the devices and also with the service of the BFLOW team, 

which quickly help us to incorporate vessel-on-a-chip application in our experiments”. 

Miguel Abal, PhD.  

Translational Medical Oncology Group, Health Research Institute of Santiago (IDIS) Complexo 

Hospitalario Universitario de Santiago de Compostela (SERGAS) 

 

  

 

“My collaboration with BFlow opens a full array of possibilities by applying the most advanced 

microfabrication technologies to our research projects. The combination of innovative 

fabrication techniques with a fully multidisciplinary team makes very easy to go through all the 

different aspects of our research projects” 

Nazely Diban, PhD. 

Environmental Technologies and Bioprocess Group, University of Cantabria 

 

 

 

“As a researcher, I can tell that it is always difficult to apply and implement new technologies 

into the lab. Organ-on-a-chip is not different in this sense and we need solutions such as Bflow’s 

Quickstart to solve this situation. 

Quickstart include all the parts that are needed for performing Organ-on-a-chip experiments, 

including the technical support from BFlow to solve any difficulty that the research can have in 

the setting up or in the cellular culture”. 

Ezequiel Álvarez, PhD.  

Cardiology Group, University of Santiago de Compostela (USC) 
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FAQs 

A. Experimental set up 

1. Do I need any special equipment for using OoC? 

It depends on the type of experiment. Our Vessel-on-a-chip systems are under perfusion to mimic the 

physiological flow conditions and it needs additional material (described in the FAQ part B). Some OoC are 

used without perfusion, in this case the experimental set up needs the chips, cell culture medium and 

reservoirs. 

2. What cells have been tested in the OoC? How many cells do I need? 

BFlow has experience in the culture of Human Umbilical Vein Endothelial Cells (HUVEC) cultured in our 

Vessel-on-a-chip. We used 1x106 cells/ml to cover the bottom and 1x106 cells/ml to cover the top part of 

the channel in a sequential culture (as showed in the video 1). 

3. How do I change the medium in the OoC? And how often? 

You don’t need to change the medium in the case of the experimental setting with perfusion, since the 

medium is continuously flowing over the cells. You need to standardize the change of medium in the models 

without perfusion, taking into account the volume of the reservoir and the type of cells. 

4. Do I need to use all the chips at the same time? Can I reuse the chips? 

You can use the chips sequentially, depending on your experimental setting. It is necessary to autoclave the 

chips before the experiment, then we recommend to plan the experiment and prepare the material in 

advance. We don’t recommend reusing the chips, since the PDMS (material of the chips) is partially 

contaminated in contact with the protein and lipids from the cell culture medium and adherent cells from 

one experiment to another.  

5. How long can the cells be cultured in OoC? 

In our experience, you can keep HUVEC on a Vessel-on-a-chip for one week. We suggest to standardize your 

own conditions for your cellular model. 

6. Which cell types can grow without perfusion? 

This type of experimental setting is aimed to grow cells without shear stress conditions such as neurons. 

B. Perfusion models 

1. Do I need a pump? Which type of pump? 

You need a pump for the perfusion models. You can use several types of pumps, including syringe, peristaltic 

or pneumatic pumps. For the specific case of the Vessel-on-a-chip, we recommend to use the peristaltic 

pump, but if you have any question, do not hesitate to contact with us. 

2. How do I install my bubble trap? 

We recommend to place a reservoir between the pump and the chip to trap the bubbles (example in the 

video 2) 

3. Is it possible to control the flow? What flow speeds can I work with? 

The capability to control the flow is directly related with the available pump. If you have any question about 

your pump and the desired flow into our chips, please, contact with us. 
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4. How do I know the physiological flow in my experiment? 

It depends on the geometry of the channel and the pump characteristics. We can perform a numerical 

simulation with the chips geometries at different flow conditions to help you to stablish the desired flow 

into your system. 

5. Is the flow bidirectional or unidirectional? 

You can use both types of flow; it is directly related with the type of pump and the experimental set up. We 

can help you to design the best set up for your model. 

C. Organ-on-a-chip features 

1. What material is the OoC made of? 

Our Organ-on-a-chip are composed with polydimethylsiloxane (PDMS) and glass. Also, we can manufacture 

chips totally composed with PDMS, thanks to our unique fabrication technology. 

2. What is the size of a OoC and their channels? 

Our technology allows to fabricate channels from 100 µm to several millimeters with circular section. 

D. Organ-on-a-chip readout and assays 

1. Is the OoC suitable for imaging? What types of imaging can I do on the OoC? 

Organ-on-a-chip systems are specially designed to be used in microscopy and more specifically with 

fluorescence microscopy. The optical quality and the local physical and biological effects give an additional 

level of data obtained with this technology.  

2. Do I need a special microscope? 

We recommend to use confocal microscopy to get the most out from our Organ-on-a-chip systems. 

3. Can I perform cell viability assays or immunostaining? 

In order to obtain the data from the confocal microscope is possible to stain the cells with fluorescent 

markers. Calcein staining was used as a viability staining in the work from Casas-Arozamena et al and 

immunostaining with VE-cadherin in the work from Álvarez et al. 

4. Can I measure the integrity of my barrier tissue? 

You cannot assay the permeability of a biological barrier with the BFlow Vessel-on-a-chip. Contact us to 

discuss about the available models in the market. 

5. Can I sample from the OoC? Can I isolate RNA and DNA from OoC cultures? and protein? and live cells? 

It is possible to sample the cells from the Organ-on-a-chip model. You can punch the desired area and analyze 

the RNA, DNA or protein with molecular biology methods. Also, it is possible to lysate the cells and to analyze 

them with molecular biology methods.  

You can isolate the cells from the channels by collecting them with an enzymatic treatment such as trypsin 

or collagenase.  

 



11 
 

BIBLIOGRAPHY 

1. Yan, J., Li, Z., Guo, J., Liu, S. & Guo, J. Organ-on-a-chip: A new tool for in vitro research. Biosens 

Bioelectron 216, 114626 (2022). 

2. Leung, C. M. et al. A guide to the organ-on-a-chip. Nat Rev Methods Primers 2, 1–29 (2022). 

3. Ma, C., Peng, Y., Li, H. & Chen, W. Organ-on-a-Chip: A New Paradigm for Drug Development. Trends 

in Pharmacological Sciences 42, 119–133 (2021). 

4. Franzen, N. et al. Impact of organ-on-a-chip technology on pharmaceutical R&D costs. Drug Discov 

Today 24, 1720–1724 (2019). 

  

https://b-flow.es/wp-content/uploads/2022/10/Flyer-QSTART.pdf
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THE Vessel-on-a-chip 
Company 

 
Video content: 

 

 

 

Interested in using our technology in your research? 

Contact us! info@b-flow. es 

     

b-flow.es 

BFlow S.L. 
Campus Vida s/n 

Santiago de Compostela, 15706 

A Coruña, Spain 

Video 1 Video 2 

BFlow S.L. 
Campus Vida s/n 

Santiago de Compostela, 15706 

A Coruña, Spain 

Follow us for  more videos! 

mailto:info@b-flow.es

