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BIOHYBRID PUMPS: FUTURE CONCEPTS
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INTRODUCTION

Creating a biohybrid pump involves integrating living cardiac
cells (cardiomyocytes) with synthetic materials and
microelectronics. A new branch where integration of living
cells with engineering scaffolds is done. Emergence of
properties like adapting to environment cues in real time, self-
hedling, self-assembling, dynamic sensing and responding
hold great promise for future developments in this arena.
Scaling up cardiomyocyte culture, improving scatfold
biocompatibility, enhancing microelectrode durability, and
integrating sensors and control systems are future challenges
(1,2).

Materials Required:

1. Cardiomyocytes (primary or stem cell-derived)

2. Biocompatible polymers (e.g., PDMS, PLGA)
3.Hydrogels (e.g., collagen, alginate)

4. Microelectrodes (e.g., gold, platinum)

5. Soft robotics components (e.g., silicone, elastomers)
6. Bioreactor orincubator

Fabrication Steps:

1. Cell culture: Isolate and culture cardiomyocytes. Cell source
for Primary cardiomyocytes (e.g., rat, mouse) or stem cell-
derived cardiomyocytes (e.g., hiPSC-CMs). Culture medium
used is DMEM/F-12, M199, or specialized cardiomyocyte
media. Specifications for Seeding density is 1-5 x 1075
cells/cm ” 2 with incubation conditions of 37°C, 5% CO2, 95%
humidity

2. Scatfold preparation: Create biocompatible scaffolds using
3D printing or soft lithography. Scaffold Materials used are
Biocompatible polymers (e.g., PDMS, PLGA, PCL).
Techniques of 3D printing (e.g., SLA, DLP), soft lithography, or
electrospinning is utilised. The pore size ideally should be 10-
100 [Jm with a scaffold thickness of 100-500 [Jm.

3. Cell seeding: Seed cardiomyocytes onto scaffolds.

4. Hydrogel encapsulation: Encapsulate cells in hydrogels.
The materials required include collagen, alginate, or
synthetic hydrogels (e.g., PEGDA) with concentration: 1-5%
(w/v) and crosslinking achieved by chemicals like
glutaraldehyde) or photo-crosslinking.

5. Microelectrode integration: Integrate microelectrodes for
stimulation and recording. For this step the materials needed
are Gold, platinum, or conductive polymers (e.g., PEDOT:
PSS). With an electrode design: Interdigitated electrodes
(IDEs) or microelectrode arrays (MEAs) and electrode
spacing: 10-100 [Jm.

6. Soft robotics assembly: Assemble soft robotic components.
Silicone elastomers (e.g., PDMS, Ecoflex) are the materials
needed with actuation mechanisms that include Pneumatic,

hydraulic, or shape-memory alloy (SMA).The chamber design
may be single or multiple.

7 Bioreactor Setup: This can be perfusion or static bioreactors
with flow rate: 1-10 mL/min and oxygenation: 20-40% O2.

8.Pump Performance Metrics: The current available metrics
include a pressure output: 1-10 mmHg with flow rates ranging
from 1-100 [JL/min and an efficiency: 10-50%.

Biohybrid Pump Design:

Here chamber design does create chambers for
cardiomyocyte contraction with valve design that regulates
directional flow and an actuation mechanism that works by
the integration of microelectrodes for electrical stimulation.

DISCUSSION:

Biocompatibility to ensure materials are non-toxic,
sterilization of the components and assembly with
maintenance of cell viability are key factors with scalability for
design for commercial production.

Techniques

1. 3D printing

2. Soft lithography

3. Microcontact printing
4.Electrospinning

5. Bioprinting

Future directions of development revolve around living
material engineering concepts, multiscale modelling with 3 D
printing for manufacture and development of multifunctional
robotic systems. Future directions of research would focus on
development of in vivo testing, personalized pumps, wireless
control, and artificial intelligence (Al) optimization. Bottom-up
approach gives more flexibility in design with environmental
robustness and more precise control mechanisms. Biohybrid
robotic right and left heart simulators which utilises a
myocardial substitute can recreate cardiovascular
biomechanics in future soon (3,4,5).

REFERENCES
L.

Raman R, Cvetkovic C, Bashir R. A Modular Approach to the Design,
Fabrication, and Characterization of Muscle-Powered Biological Machines.
Nat. Protoc.12(3), pp. 519-533.

2. RamanR, Cvetkovic C, Uzel S G, Platt R ] et al. Optogenetic Skeletal Muscle-
Powered Adaptive Biological Machines. Natl. Acad. Sci. USA.113(13),
pp.3497-3502

3. Leopaldi, A. M. et al. In vitro hemodynamics and valve imaging in passive
beating hearts. ]. Biomech. 45, 1133-1139 (2012)

4. Peper E. S. et al. An isolated beating pig heart platform for a comprehensive
evaluation of intracardiac blood flow with 4D flow MRI: a feasibility study. Eur.
Radiol. Exp. 3,40 (2019).

5.  Chinchoy, E. et al. Isolated four-chamber working swine heart model. Ann.
Thor. Surg. 70, 1607-1614 (2000).

Patents

1.  USPatent 10,857,122: "Biohybrid cardiac pump" (2020).
2. USPatent 10,425,196: "Soft robotic cardiac assist device" (2019).

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 3



