Abstract:

 

Ever since Giovanni Borelli’s seminal De Motu Animalium of 1680 [1] the interpretation of organismic structures as working machines has been a powerful tool in analysis of organismic activities. Although this synergism expressed by Borelli long back were not really metaphorical but more based on the fact that human and animal muscles were the actual workhorses of most machines in his time, still scientists look at this as a seminal point for starting of a perfect congruence or synergism between Biology and machines. Getting inspired by this synergism many researchers of modern times have expressed great interest in finding out biological macromolecules which would work as molecular machines and would do some useful and important [2‐4]. So a whole new paradigm of  biomimetics (literally meaning : copying life) have emerged. This can be broadly defined as the translation of insights which one gets from pure biological research into realizable technology. [5] Miniaturization technology starting with the famous talk by Sir Richard Feynman, “There is plenty of room at the bottom” has lead to the mimicking and realization of newer phenomena both physiological and physical at the micro and nano scales. The advantages that miniaturization offers is the realization of physical systems at scales and dimensions similar to biological entities such as bacterial and mammalian cells, viruses, spores, etc. which further leads to enhancement in our capabilities to mimick biological systems with better sensing capabilities, accuracy of physical manipulation and control. In this respect it is worth mentioning that almost 70‐80% of any living organism is a fluid and thus would need transport. The transport network that our vasculatures and other mechanisms provide is either through hair like capillaries or in some cases through molecular channels. These flow networks can easily be mimicked by a network of micro‐fluidic channel and so bio‐mimetics is strongly synergistic with micro‐fluidics. Literature reviews several areas wherein the micro‐fabrication technologies are bio‐inspired mimic some biological phenomena. Bitensky
et. al. [6] have demonstrated a set of micro‐channel architecture which is used to separate leukocytes from whole blood samples. This architecture mimics the intrinsic features of blood flow in microcirculation, such as plasma skimming and leukocyte margination as happens within the vasculature and is able to generate a 34 fold enrichment of the leukocytes thus alternates the time consuming buffy coat process of extracting leukocytes from blood samples. Wheleer et. al. [7] have demonstrated a biomimetic micro‐channel invitro fertilization system which reduces
poly‐spermy and therefore increases the number of potentially viable embryos without reducing the overall invitro production efficiency. In vivo the sperm is guided to the oocyte via a  narrowing fluid path in the oviduct . The micro‐channel design is made in PDMS with a constriction of 20 microns thickness placed centrally in another 1000 microns X 250 microns X 38 mm channel which would hold the Oocytes in place near the center f the micro‐channels while allowing the sperm and media to flow through the outlet. In a similar mode of cell culture experiments we plan to incubate biological cells in microfabricated channels to study cell proliferation using the microscopy technique. In particular, we plan to study a three dimensional network of micro‐channels made within PDMS and agarose gels for observing a directional growth of human Osteoblast and Fibroblast cells in vitro based on different flow directions of the nutrient media.  The experimental observations will be analysed in terms of the cell viability index as well as the cell adhesion on the micro‐channel network and cell‐cell interactions will be investigated. This is vital from a standpoint of mimicking the in vivo conditions of an implantable material to get an idea of the pattern of cell growth within micro‐channels. We have been able to synthesize a dense array of microchannels in PDMS using a simplistic replication technique using chemically etched copper wires [8,9]. We are also currently trying to use
a microchannel architecture to study vibration isolation behavior. In another mode of experiments we intend to design, fabricate and develop a biochip with a rapid  dielectrophoretically assisted concentration and molecular identification of food pathogens in micro-channels. We have been able successfully able to get a very good dielectrophoretic entrapment within these architectures using fluorescent microbeads and alternating electric fields of 10 Volt peak to peak at an operational frequency of 10KHz.[14]Fluorescence techniques are developed to rapidly quantitate the beads. This technology is currently also being tried in Green fluorescent protein expressed E. Coli BL-21 cells. We are planning to add on the other molecular identification modules to this biochip.[10,11, 12] We have also been able to do microscale fluidic transport and mixing experiments which has produced some novel prototypes and products capable of integration to biosensors and detectors. [13,14,15] Thus in a nutshell bioinspired microfluidics can be applied to several important real life requirements and can also enhance sensitivity, speed and accuracy of detection.
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