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Abstract- The main function of the kidney is filtration of the 
plasma, removal and excretion of unwanted substances from 
the filtrate in the urine and restoration of needed substances 
from the filtrate in the blood. These operations are essential 
since they maintain the volume of intracellular and 
extracellular fluids and ions should be maintained in a low 
range. If kidney cannot do their regular job, several ions and 
fluid will be accumulated in the extracellular. Forms of 
dialysis, despite successful improvement in quality of lives of 
the individuals, have several limitations. This may be due to 
unphysiologic nature of dialysis treatment. As regards sodium 
is the main osmole in the extracellular fluid (ECF) that disposal 
or retention of this element mainly determines the volume of 
extracellular fluid and the ECF volume should be maintained 
on an acceptable level in the body in order to maintain tissue 
perfusion. Therefore, a variety of methods include: 
nanotechnology, microfluidic, bioreactors, and the systems 
based on optical tweezers for treatment of renal failure are 
presented in this review that they are developed according to: 
removing and reabsorbing sodium of the blood, wearable or 
cultivable, their function is the same as kidneys, and etc. 

Keywords- extracellular fluid (ECF), intracellular fluid (ICF), 

Na
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I. INTRODUCTION 

The main function of the kidney is filtration of the plasma, 
removal and excretion of unwanted substances from the filtrate 
in the urine at variable rates based on needs of the body and 
restoration of needed substances from the filtrate in the blood 
[1, 2]. The rates at which different substances are excreted in 
the urine represent the sum of three renal processes, shown in 
Fig. 1: (1) glomerular filtration, (2) reabsorption of substances 
from the renal tubules into the blood, and (3) secretion of 
substances from the blood into the renal tubules. These 
operations are essential since they maintain the balance 
between water and all other electrolytes of the body. In other 
words, the volume of intracellular and extracellular fluids and 
ions should be maintained in a low range [2, 4]. This regulatory 
function of the kidneys maintains the stable environment of the 
cells necessary for them to perform their various activities. 

These actions can be divided into two main functions as below 
[1, 3]:  

1. Excretion of metabolic waste products and other toxins. 

2. Maintaining a constant composition of fluids within the 
body and regulating electrolyte concentrations. 

The four main electrolytes of the plasma are Na+, K+, Cl-, 
Co3H- and other plasma-forming materials including urea, 
glucose, weak acids, which are non-degradable. Sodium is the 
main osmole of the extracellular fluid; In other words, sodium 
is the most important determinant of ion osmolality of body 
fluids. Na+ and Cl- ions are the dominant anions in the 
extracellular fluid. Therefore, these anions determine the ECF 
volume. Thus, disposal or storage of these anions (Na+- Cl-) is 
the main factor, which determines the ECF volume [1, 5]. As a 
result, sodium balance disorders may cause disorders in ECF 
volume. ECF volume should be maintained on an acceptable 
level in the body in order to maintain tissue perfusion because 
plasma volume is directly proportional to ECF volume. The 
balance between sodium intake and output should be 
maintained in the body, because most diseases with the ECF 
expansion (and edema or hypertension) or the ECF volume 
depletion achieve disorder of sodium balance [4, 6].  

 

 
Figure 1.  Basic kidney processes that determine the composition of the urine 

[3]. 
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The term “dialysis” was first coined by Thomas Graham, a 
professor of chemistry in Glasgow, Scotland, in 1861. He was 
able to separate urea from urine using a vegetable parchment 
coated with albumin. In 1913, Abel, Rowntree and Turner 
invented a vivi-diffusion device for use in experimental 
animals. Subsequently, the first human dialysis was performed 
by George Haas in Germany in 1924, though the treatment 
time was only 15 min. The first device used successfully in 
humans was invented by W. J. Kolff and H. Berk in the 
Netherlands in 1943. It consisted of a cellophane tube (30 m × 
2.5 mm) wound helically around a cylinder that rotated slowly 
while immersed in a dialysate bath of 70–100 l [7]. 
Hemofiltration was first described in the late 1970s as a means 
of removing extracellular fluid from patients with edema 
refractory to diuretics [8]. Waste removal is mainly done based 
on diffusion method in hemodialysis and convection method in 
hemofiltration and hemodiafiltration. The blood is passed 
through porous membranes by pump [7, 9, 10, 11, 12, 13, 14, 
15]. Dialysis forms, despite success in improving quality of 
lives of the individuals, have many limitations that lead to 
various diseases, and increased rate of death among people. 
This may be due to unphysiologic nature of dialysis treatment. 
In this context, efforts have been made to improve the 
efficiency of dialysis. Therefore, an ideal form of renal 
replacement therapy (RRT) would mimic the functions of 
natural kidneys. In previous years, it seemed impossible to 
achieve these goals. However, advances in the science of 
nanotechnology, microfluidic, etc. made it possible to achieve 
these goals in the near future [16, 17, 18, 19]. Various methods 
are proposed including nanotechnology [20-23, 24], 
microfluidic [25, 26, 27], bioreactors with kidney living cells 
[28-32, 33, 34, 35, 36, 37, 38, 39, 40, 41], miniaturized sorbent 
systems [42, 43]. In summary, the combination of nephrology 
with new technologies has improved RRT.  Extensive work has 
been done recently in this area. A review of methods and 
existing technologies for treatment of renal failure [13] that 
they are developed according to remove and reabsorb sodium 
of the blood according to the patient’s needs, wearable or 
cultivable, inexpensive, reliable, and their function is the same 
as kidneys are presented and explained further in this paper. 

 

II. DESIGN A BIOARTIFICIAL NEPHRON ON A CHIP 

Each kidney in the human contains about 1 million 
nephrons, and each nephron contains (1) the glomerulus, (2) 
along tubule [2, 3]. There is an arrangement of basic tubular 
segments along the nephron whose physiologic function lies in 
excreting waste products from the blood. The structure of a 
nephron in the kidney is shown in Fig. 2 [44]. A bio artificial 
device is designed based on MEMS technology to mimic the 
operation of a nephron, which is compatible with both human 
anatomy and physiology. This device is named the human 
nephron filter (HNF). 

This device is composed of two [22] or three [21] basic 
parts separately, as a nephron:  

1) The glomerulus: the blood first flows into the glomerulus, 
and then it flows into nephron. In glomerulus, the blood is 
filtrated by an active mechanical filter by which large cells 
and proteins are kept.  

2) The proximal tubule: the blood and filtrated material flow 
into proximal tubules from glomerulus. Then, plenty of 
fluids and solutions are actively reabsorbed.  

3) The loop of Henle and associated collecting ducts: in the 
end, the blood and filtrated material flow into loop of 
Henle and associated collecting ducts. In this part of 
nephron, active pumps, osmosis and diffusion are 
combined to perform reabsorption and finally, the waste 
products are removed. 

This system is efficient and effective in removing large 
amounts of urea without losing large amount of fluid. Proximal 
tubule cells are added to the filter in this device in order to 
perform reabsorption and metabolic activities [21]. In fact, the 
dialysis process with the glomerulus action is designed to 
mimic the actual function of the kidneys. Then, artificial 
kidney with capabilities to perform operations relevant to 
glomerulus and tubules is designed [21, 22]. In fact, the 
glomerulus and tubules parts of the kidney are modeled in this 
system. Diagram of urinary system that contains glomerulus 
and tubules parts is shown in Fig. 2 and the diagram of this 
system is presented in Fig. 4, which can be compared with the 
views of the nephrons of the kidney. 

The paths in which blood passes all three parts, mentioned 
above, are shown separately in Fig. 3. The black arrows 
represent passive transport while white arrows show cell-
mediated active transport. As it is observed in the Fig. 3, only 
passive transport between the blood and the filtrated material in 
a direct way is conducted in section G. In section T, both 
passive and active transports (with help of the cells) in HNF 
device with 3 parts and just passive transport in this device 
with 2 parts, between the blood and the filter in a direct way 
are conducted. In section L, both passive and active transport 
between the blood and the filtrated material through 
extracellular interface fluid is conducted [21].  In this system, 
dialysis fluid or external pumping system is not required. In 
other words, similar to nephrons in the human kidney, the 
human blood is filtrated in G section. Then, reabsorption 
operation between the blood and the filtrated material is 
conducted in the following paths. This artificial device that 
replicates this 2 or 3 step can potentially be synchronized with 
efficiency of the nephron and offers a compact wearable device 
[21, 22]. A variety of cell types with various functions is found 
in the nephron. In order to mimic the function of nephron, 
several cells are used in HNF device with 3 parts [21].  
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Figure 2.  Diagram of the urinary system [44]. 

 

 
 

 
 
 

 

Figure 3.  Schematic cross-sections of the 3 functional units [21]. 

  
(a) HNF device with 3 parts  (b) HNF device with 2 parts  

Figure 4.  Schematic overview of HNF device. 

 
 

A wide range of research and study has been reported 
controlling proximal tubule cells in relation to the existing 
bioartificial kidney devices; however, recent advances in 
application of Henle loop cells and collecting ducts are being 
developed. These include additional concepts similar to the 
role of circulating hormones such as antidiuretic hormone 
(ADH) released by the pituitary gland in modulating tubule 
permeability to water. It is important to design nephron 
functions as bioartificial nephron on a chip. This was done in 
HNF device with 3 parts [21].  

A. Design of HNF device with 2 parts 

This device consists of two membranes operating in series 
within one device cartridge. The design of this device is shown 
in Fig. 4(b). The first membrane is called the G membrane and 
is analogous to the glomerular membrane in the nephron. It 
mimics the functions of the glomerulus by using convective 
transport to generate plasma ultrafiltrate. This membrane is 
shown in Fig. 5. The second membrane is the T membrane, 
which mimics the function of the renal tubules. The T 
membrane is supported on a substrate and contains molecularly 
engineered pores that make it unique. The membrane contains 
approximately            pores, 1 to 5 nm apart. The pores 
will come in different sizes and shapes, and eventually a pore 
library will be available to permit custom membranes to be 
produced, depending on patient needs. The T membrane is 

shown in Fig. 6. Molecularly engineered membranes (smart 
membrane) contain a predetermined number and size of pores 
that are atomically engineered and have specific interactions 
with solutes that provide selective transport characteristics to 
the membrane. The G membrane discriminates between solutes 
on the basis of molecular size. The ultrafiltrate formed after 
blood passes through the G membrane contains both desirable 
and undesirable solutes. The ultrafiltrate passes over the T 
membrane, which it is able to differentiate between both 
desirable and undesirable solutes because each of its pores is a 
designed discriminator and is made up of multiple unique 
pores. The pores were designed to reabsorb all of the desirable 
solutes and reject the undesirable ones. Modeling was done to 
assess the removal of some of key substances, including 
sodium, potassium, calcium, magnesium, phosphorus, and 
bicarbonate, under a variety of clinical conditions [16, 22]. 

B. Design of HNF device with 3 parts 

The design of this device is shown in Fig. 7. This device 
consists of 3 main parts and 1 additional part, which include: G 
glomerulus, T tubule, L Henle loop, (these three parts model 
the function of nephron) and C interface (somehow this is the 
interface between three other parts, the blood and the filtrated 
stream). In our simplest conception, the HNF device is 
fabricated from 2 microfabricated layers, which are separated 
by a membrane [21].  
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Fig. 8 shows the model by which the fluid passes through 
these three sections. T and G sections are made from a 
combination of straight channels while the L section needs 
countercurrent loops. As it is shown in the Fig. 8, flow 
channels between the blood and the filtrated material are 
connected together in sections T and G while these loops are 
separated from each other in section L. The extracellular fluid 
flows into the space between these loops in section L. The 
looping geometry of L allows countercurrent transport. Section 

T requires renal proximal tubule cells, and section L requires a 
number of different cell types: cells of descending thin limb, 
ascending thin limb, thick ascending limb, cortical collecting 
duct, and medullary collecting duct [21]. Each cell type has 
distinct transport properties and characteristics. Characteristics 
of cells associated with each part of nephron cells for active 
transport and passive transport of sodium are presented in 
Table I.  

 

 
Figure 5.  The G membrane 

 
Figure 6.  The T membrane [22] 

 

 
 

Figure 7.  Overall view of complete device design [21] 

 

Figure 8.  Schematics of overhead view of wafer for each component [21] 
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TABLE I.  TRANSPORT PROPERTIES OF CELLS REQUIRED IN NEPHRON 

DEVICE (MORE +  MARKS SIGNIFIES PERMEABILITY; NO + MARKS SIGNIFIES 

IMPERMEABILITY) [21] 

location 

 

Active NaCl 

transport 

Passive 

permeabilities 
 

  NaCl H2O 

Proximal tubule (T) +++ + +++ 

Descending thin limb (DTL)  + +++ 

Ascending thin limb (ATL)  +++  

Thick ascending limb (TAL) +++ +  

Cortical collecting duct (CCD) + +  

Medullary collecting duct (MCD) + + + 

 

 

III.  APPLICATION OF LIVING MEMBRANES AND BIOARTIFICIAL 

KIDNEY 

Although acute renal failure (ARF) and multiple organ 
dysfunction syndromes (MODS) are due to various causes, 
these diseases may be cause acute renal tubular epithelial cell 
injuries or acute tubular necrosis (ATN). Hemodialysis and 
Hemofiltration therapies can, clinically, replace glomerular 
filtration for treatmenting of ATN in removing uremic toxins in 
blood, rectifying fluid and electrolyte balance disorder. 
However, these methods cannot perform the biological 
functions of renal tubules [28]. The goal was to improve 
function of the kidney coupling the transport capability of 
living cells with a conventional hemofiltration device. In 1987, 
Aebischer and co-workers reported that selective transfer of the 
solution to dialysis membrane could be improved using renal 
epithelial cells, which were grown on these conventional 
dialysis membranes [45, 46]. In other words, the cell-aided 

solute transport concept was developed in the bioartifical 
kidney. Humes studied packaging of synthetic materials, 
biologic components and cellular components of specific 
tissues for replacing the physiologic function of diseased 
organs [29]. Humes, first introduced bioartificial renal tubule 
assist device (RAD) (The bioreactor unit seeded with proximal 
tubule-derived cells) in 1996 [28, 47, 48]. The development of 
portable, wearable or implantable artificial kidneys would be 
highly desirable and has been suggested by different authors 
during the past 20 years [33-38, 41, 49-54]. Fig. 9 shows flow 
diagram of a cultivatable bioartificial kidney system. 

In Table II, Transport and metabolism functions of 
proximal tubular epithelial cells on artificial membranes are 
shown. Extensive studies were conducted on bioartifical kidney 
using renal tubular epithelial cells and porous synthetic 
membranes. Sodium reabsorption operation from confluent 
layers was studied as well. In this regard, the following steps 
were followed [28]: 

1) Renal tubular epithelial cell lines were seeded onto the 
intraluminal surfaces of hollow fiber polysulfone membrane 
and growth of attached cells in intraluminal spaces was 
observed by transmission electron microscopy. The 
morphologies of attached cells were observed with scanning 
electron microscope, and the junctions of cells and polysulfone 
membrane were observed with atomic force microscope. 

2) Then, Na
+
 active transport and structural change in renal 

tubule cells after confluence and long culture have also been 
studied. 

The cells types used for these experiments are as follows: 
pig, dog or rat renal organs are generally used for testing 
bioartifical kidney using renal epithelial cell lines [28, 29, 31].  

 Lewis lung cancer-porcine(LLC-PK1) cells 

 Madin-Darby canine kidney (MDCK) cells 

 Rat renal tubular epithelial cell lines (NRK-52E) cells 

 

 

 

 

 

 

 

 

 

 

 

TABLE II.  TRANSPORT AND METABOLISM FUNCTIONS OF PROXIMAL TUBULAR 

EPITHELIAL CELLS ON ARTIFICIAL MEMBRANES [30] 

Confirmed tubular function on artificial membranes 

1 1,25-Dihydroxyvitamin D3 production 

2 Glutathione transport and metabolism 

3 NH3 production 

4 Bicarbonate transport 

5 Para-aminohippurate (PAH) secretion 

6 Protein-linked pentosidine metabolism 

7 Glucose reabsorption 

8 Water transport 

9 Sodium transport 
 

Figure 9.  Flow diagram of a bioartificial kidney with two parts: (1) A 

device to replace blood ultrafiltration performed by renal glomeruli (2) A 

device to replace the transport regulatory function of the renal tubule  
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A. Evaluation of sodium transport 

To determine whether renal tubule epithelial cells can grow 

on permeable hollow fibers, establish electrochemical 

gradients, and express renal tubule transport functions [29]. 

Epithelial cells derived from the proximal tubules are most 

interesting for bioartificial kidneys development, because they 

perform a wide variety of functions, including reabsorption 

and secretion [32, 55-58]. In RAD construction, renal tubular 

epithelial cells were seeded onto hollow fiber polysulfone 

membrane in a bioreactor [28, 30, 32, 59]. 

  

1) Basic mechanism for active transport of sodium through 

the tubular epithelial cell: 
In Fig. 10, reabsorption of filtered water and solutes from 

the tubular lumen across the tubular epithelial cells, through the 
renal interstitium, and back into the blood are shown [3, 4]. 
Solutes are transported through the cells (transcellular route) by 
passive diffusion or active transport, or between the cells 
(paracellular route) by diffusion. Basic mechanism transport of 
sodium is active transport through the tubular epithelial cells 
by the sodium-potassium pump. The sodium-potassium pump 
transports sodium from the interior of the cell across the 
basolateral membrane, creating a low intracellular sodium 
concentration and a negative intracellular electrical potential. 
The low intracellular sodium concentration and the negative 
electrical potential cause sodium ions to diffuse from the 
tubular lumen into the cell through the brush border [1, 3, 6, 
60, 62]. 

2) Competition for survival and maintenance of 

monolayers and function of epithelial cells: 
Although active transport of Na

+
 by confluent layers of 

cells on the membrane was optimally performed at first, after a 
short time, the cell performance characteristics were not 
preserved in optimally transporting Na

+
. The function 

associated with the cells was decreased with multilayer growth, 
necrosis, and the aberrant distribution of Na

+
 /K 

+
 ATPase [31]. 

The type of the membrane material and extracellular matrix 
(ECM) protein which coated the membrane appeared to be 

critical for the adhesion and functional differentiation of cells 
[62, 63, 39]. Therefore, there is a specific competition between 
survival and maintenance of complete and perfect monolayers 
and function of the epithelial cells. The purpose of this 
competition is completing cell coverage of the cartridge 
membranes. Consequently, it appropriately maintains a 
monolayer of epithelial cells for relevant solute transporter 
proteins [28-32, 59, 39, 38]. Exposure of renal epithelial cells 
to an atypical physicochemical environment, Lactate 
accumulation, Hypoxia, an aberrant ECM, and lack of 
heterotypic cell interactions, contribute to monolayer 
disruption [31]. Although, confluent layers of MDCK cells on 
polycarbonate (PC) membranes initially displayed active Na

+
  

transport, functional properties could not be maintained after 2 
weeks. Also, reabsorption of water, glucose and sodium could 
be maintained up to 10 d when LLC-PK1 cells on 
polycarbonate (PC) membranes were used [31]. Cross-
sectional of polysulfone hollow-fiber capillary, in which LLC-
PK1 cells were grown on the membrane, is shown in Fig. 11. 
Culturing of renal epithelial cells under organotypic perfusion 
culture conditions might help to maintain differentiated renal 
epithelial cell characteristics [64, 65, 39]. 

Moreover, the production of such device requires 
application of processable polymers. Such circumstances may 
be possible using supramolecular, ureido-pyrimidinone (UPy) 
modified polymers electro-spun into fibrous membranes, as it 
is shown in Fig. 12. It is assumed that function of epithelial 
cells has been improved by electro-spun, supramolecular 
membranes. Many technologies have been used for the 
fabrication of membranes with the aim of tissue engineering. 
Examples of these techniques include: foaming, polymer 
casting, freeze-drying, salt leaching, sintering, electro-spinning. 
The results shown that fibrous supramolecular membranes 
have superior properties over conventional microporous 
membranes with respect to ability of primary tubular epithelial 
cells (PTEC) to form polarized monolayers on these 
membranes. This finding implies that application of these 
supramolecular membranes in a bioartificial kidney set-up 
might ameliorate its function [31]. 

 

 

 
Figure 10.  Basic mechanism for active transport of sodium through the tubular 

epithelial cell [3].  

 

 
 

Figure 11.  Cross-sectional finding of polysulfone hollow-fiber capillary, in 

which LLC-PK1 cells were grown confluently on the inner surface of the 
membrane [30]. 
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Figure 12.  Membrane design: fibrous, supramolecular membranes and 

commercial microporous membranes. UPy-U-groups were used to end-
functionalize short polycaprolactones in order to obtain supramolecular UPy-

U-polymers (PCLdi(U-UPy)) [31] 

 

B. Isolation and culture of PTEC 

Studies implies the functional read-out of human primary 
tubular epithelial cells (PTEC) cultured on fibrous, 
supramolecular PCLdi(UUPy) membranes in comparison to 
PTEC cultured on microporous PC membranes. Their 
capability to form monolayers, biochemical performance and 
ability to maintain epithelial cell specific gene expression were 
investigated. In Fig. 13, it is shown that Toluidin blue staining 
is cultured from PTEC parts on PC and PCLdi membranes 
[31]. 

 Control: PTEC were precultured on membranes for the 
appropriate analyses. 

 Static Culture: PTEC were cultured on membranes under 
static conditions, After 7 days of static culture, monolayers 
of PTEC were found on the electrospun PCLdi(U-UPy) 
membranes and In contrast, PTEC did not form 
monolayers on PC membranes but grew in densely packed 
multilayers (with regular medium replacements). 

 Perfusion: PTEC were cultured on membranes in the 
perfusion system for 7 d. The integrity of the epithelial 
monolayer on the electro-spun meshes was improved by 
perfusion. 

Furthermore, in Fig. 14, the difference cell-cell junctions of 
PTEC cultured on PC and PCLdi(U-UPy) under static culture 
conditions or perfusion by formation transmission electron 
microscopy (TEM)  of  the cells is shown. Thus, it is shown 
that culturing PTEC on fiber membranes and SupraMolecular 
maintain the characteristics of epithelial cells and epithelial 
phenotype to some extent. PTEC culture produced polarized 
monolayers on these membranes and the presence of these 
membranes can improve the function of bioartificial kidneys. 
Therefore, it is recommended that these PCLdi(U-Upy) 
membranes be used as a base material in adjusting the function 
of bioartificial kidney [31]. The authors demonstrated the 
electrophysiologic capacity of MDCK and LLC-PK1 cells 
attached to the membrane and active transport of glucose and 
sodium and water from these cells [30]. 

 

 

The PC membrane and PCLdi(U-UPy) fibers are indicated with *. Scale bars represent 10μm. 

 

 

Figure 13.  Toluidin blue staining of sections of PTEC cultured on the 

membranes. PTEC were precultured on the membranes until confluency was 
reached (control). Then they were cultured under static culture conditions or in 

the single chamber perfusion system for 7 d [31]. 

Figure 14.  Visualization of cell-cell junctions of PTEC cultured on PC and 

PCLdi(U-UPy) membranes by TEM. PTEC were precultured on these 
materials until confluency was reached [31]  
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IV. DESIGN BASED ON OPTICAL TWEEZERS BY MICROFLUIDICS 

TECHNOLOGY TWEEZERS 

A cell can be moved without physical contact using special 
properties of laser. Artus Ashkin first introduced laser clamps 
at Bell laboratories in 1986 [66]. Then, optical trapping was 
used as an important tool with broad applications in biology, 
physics, engineering, medicine [67-73, 74, 75, 76], etc.   

A. Optical Tweezers 

The basic rules of this tool can be expressed in the form of 

laws of Newton. As light carries momentum, light direction 

change means that there is a force in relation to this change (a 

force change the light direction). Thus, if a laser beam shines 

light on a particle, the light refracts when it enters that 

particle. The involved force in changing the direction of light 

affects the particle and the particle will be pushed towards 

more intense part of the laser. Laser beam has Gaussian-shape. 

Thus, the most intense part of the light beam is focused at the 

center. The particle moves to the part where the light is 

focused and it is confined in three dimensions. This does not 

require high energy level (a few mV); however, it needs large-

magnitude gradient and the light is focused to a spot whose 

diameter is about a few microns. Two forces are posed to the 

particle due to Gaussian shape of the beam. Ultimately, the 

pure force guides the particle to the beam [74, 75]. 

B. Design of blood cleaner based on optical tweezers 

The new design of a blood cleaner on-chip using Optical 
Wave Guide as PANDA ring resonator is offered. By 
controlling certain parameters, the optical vortices (gradient 
optical fields/wells) can be generated and used to form the 
trapping tools in the same way as optical tweezers [25]. In 
operation, trapping force was made by combining gradient 
field and scattering photons using intensive optical vortices 
(gradient optical fields/wells) generated in PANDA resonator 
rings. This feature can be used for blood waste trapping and 
dynamical moves inside the blood cleaner on-chip system 
(bioartificial kidney) with help of Wavelength router. Finally, 
the blood quality test is performed before transferring it to the 
destination. The schematic of an artificial kidney manipulation 
on-chip system is shown in Fig. 15. Dynamic optical tweezers 
or vortices are developed in [25, 70, 71, 74] using dark soliton, 
bright soliton, and pulse gaussian, which can be used to trap 
the required microscopic volume; and they are reproduced in 
form of a multiplexer, along with two nanoring resonators. 
Using the proposed system, blood waste and unwanted 
substances can be trapped and transferred to the artificial 
kidney. The required trapping tool sizes can be generated and 
formed for the specific blood waste molecules, where finally 
the clean blood can be obtained and sent to the destination via 
the through port. However, in practice, several sensors are 
required [25]. 

 
Figure 15.  The schematic of an artificial kidney manipulation on-chip system 

[25] 

C. Device description 

The PANDA ring resonator systems by incorporating a 
wavelength router with using optical trapping and 
transportation technique are used in the blood cleaner on-chip. 
In this device, as shown in Fig. 16, blood flows into the input 
port of PANDA resonating rings. Therefore, system 1 of 
PANDA resonating rings (P1)  ،  function the same way as 
system 2 of PANDA resonating rings (P2). The whole blood 
volume can be trapped and delivered in liquid-core waveguide. 
When blood flows into the waveguide channel, blood 
concentrate detector measures the blood viscosity. Blood 
protein reabsorption is one of the important processes in 
dialysis; therefore, several sensors to detect the protein 
components of blood are used before the proteins are 
transferred to the urine. In addition, oxygen can be fed to the 
system via the added port (control) to the system in order to 
increase the quality of blood [25]. 

In [25], sodium is filtered in (~0.4 nm) size. This System is 
integrated into a single chip, which is equivalent to one 
Bowman’s capsule consisting of the glomerulus. It requires a 
special environment in which multiple sensors are needed to be 
integrated into the systems that include: bio-sensor, blood 
sensor, versatile sensor, protein sensor, and blood pressure 
sensor. Waveguides were made in different sizes and different 

Indexes. Various waveguides with      ،        sizes 
respectively were made for the blood cells and proteins, Fig. 17 
shows schematic diagram of these blood waveguides. The 
whole blood cells enter the system through Ein via liquid-core1 
(input port), and the required trapping molecules can be 
trapped and filtered by liquid-core 2. Liquid core 2 is used for 
the trapped proteins, in which the protein molecule size is 1 
nm, which is smaller than the RBC (red blood cells), and 
therefore, RBCs cannot be transported via liquid-core2. Thus, 
only unwanted substances are trapped and transported via 
Liquid-Core2. Finally unwanted substances are tapped and 
filtered via the drop ports. After the blood waste substances are 
filtered by the glomerulus, they are filtrated via the proximal 
tubule [3]. The dynamics tweezers can be in forms of bright 
solitons, gaussian pulses and dark solitons for trapping the 
blood waste. In [25], to form the optical trapping tools, a bright 
soliton with center wavelength at 1.50 μm, peak power 4 W, 
pulse 35fs is input into the system via the input port. The 
parameters that ensure more reliable construction of this device 
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are radii of resonating rings. The results relevant to optical 
trapping generated by PANDA ring with various wave lengths 
are shown in the Fig. 18, the bright soliton is used as the 
control signal for the results obtained. By using the appropriate 
dark soliton input power, the required trapping tool sizes can 
be controlled and obtained [25, 70, 71, 74, 75]. In operation, 
blood concentration has no significant effect on optical 
trapping ability, because the blood refractive index changes 
slightly, although it may affect the filtration speed. Dark 
soliton inputs for trapping operation while bright soliton 
receives the trapped molecules as the control port signal. This 
system can be performed as a hemofiltration device, which its 
depth is equal to 90 μm, its width is equal to 200 μm, and its 
length is equal to 300 μm [25]. 

 

V. CONCLUSION 

In this paper, a variety of methods and existing 
technologies for treatment of renal failure are presented. These 
methods are developed according to following criteria. They 
are developed to remove and reabsorb sodium of the blood 
according to the patient’s needs. They are wearable, or 
cultivable, inexpensive and reliable. Their function is the same 
as kidneys. The methods presented in this article include: 

nanotechnology, microfluidic, bioreactors with living renal 
cells and the systems designed based on optical tweezers with 
help of microfluidic technology. 

In this article, three important devices are presented: 1) A 
bioartificial device based on nano technology for replicating 
the function of a single nephron. It has 2 or 3 distinct sections, 
replicating the function of the glomerulus, the proximal tubule, 
and the loop of Henle. The proposed device can be built using 
existing microfabrication technologies and populated with 
various renal cell types. 2) A bioartificial kidney is developed 
by using tubular epithelial cells and artificial membranes. For 
this device, it is necessary to select appropriate tubular and 
epithelial cells, which will be based on physiological 
similarities with human kidney function. 3) A PANDA ring 
resonator system that blood waste molecules can be trapped, 
filtered, and transported from the artificial blood cleaner 
(kidney), which can be performed on-chip using an optical 
waveguide. In operation, the trapping force is formed by the 
combination between the gradient field and scattering photons 
by using the intense optical vortices generated within the 
PANDA ring resonator. There is still a need for new 
technologies, which can support all functions of the kidney and 
can be used by public people simply, so that they save more 
number of people who are at risk of renal failure.  

 

 

 
Figure 16.  Schematic diagram of a PANDA ring resonator proposed in [25, 70, 71] 

 

 

Figure 17.  Schematic diagram of A) blood waveguide, B) blood 

waveguide structure [25] 

 

 

Figure 18.  The optical tweezers with different A) sizes and wavelengths [25] 



International Journal of Science and Engineering Investigations, Volume 4, Issue 42, July2015 49 

www.IJSEI.com            Paper ID: 44215-06 ISSN: 2251-8843 

REFERENCES 

[1] R. A. Rhoades and D. R. Bell, "Medical Physiology: Principles for 
Clinical Medicine", in Lippincott Williams & Wilkins, 4th North 
American, Chapter 22, 2012. 

[2]  K. E. Barrett, S. M. Barman, S. Boitano, and H. Brooks, "Ganong’s 
Review of Medical    Physiology", the McGraw-Hill, LANG Basic 
Science, 24th , Section VIII, 2012. 

[3]   A. C. Guyton and J. E. Hall, "Textbook of Medical Physiology", 11th 
Philadelphia, Pa.: Elsevier Saunders, 2010, Unit V.  

[4]   P. Sembulingam and K. Sembulingam, "Essentials of Medical 
Physiology", Jaypee Brothers Medical Publishers, 6th, 2012. 

[5]  B. M. Brenner, M. W. Taal, G. M. Chertow, and P. A. Marsden,   "
Brenner and Rector's the Kidney,” 9th Philadelphia: W. B. Saunders, 
Chapter 5, 2011. 

[6]   D. H. Ellison, “Disorders of Sodium Balance”, Chapter 2, 2000. 

[7]   M. Suresh and K. Farrington, "Principles of Extracorporeal Therapy:  
Haemodialysis, Haemofiltration and Haemodiafiltration", Management 
of Acute Kidney Problems, Springer, pp. 481-489, doi: 10.1007/978-3-
540-69441-0_48, 2010. 

[8]   R. A. Orr, R. Gengler and M. Moritz, "Renal Failure and Replacement 
Therapy", Critical Care of Children with Heart Disease: Basic Medical 
and Surgical Concepts, Springer, pp. 687-704, doi: 10.1007/978-1-
84882-262-7_60, 2010. 

[9]   E. Licari, P. Calzavacca, and R. Bellomo, "Renal Replacement 
Therapy", Surgical Intensive Care Medicine, Springer, pp. 431-438, doi: 
10.1007/978-0-387-77893-8_39, 2010. 

[10] J. C. Schefold, S. V. Haehling, R. Pschowski, T. O. Bender, C. 
Berkmann, S. Briegel, D. Hasper and A. Jörres , "The Effect of 
Continuous Versus Intermittent Renal Replacement Therapy on The 
Outcome of Critically Ill Patients with Acute Renal Failure 
(CONVINT): a Prospective Randomized Controlled Trial", Critical 
Care, Vol. 18,  doi: 10.1186/cc13188, 2014. 

[11] M. Legrand, M. Darmon, M. Joannidis, and D. Payen, "Management of 
renal replacement therapy in ICU patients: an international survey", 
Intensive Care Medicine, Springer, Vol. 39, pp. 101-108, 2013. 

[12] A. G. Schneider, R. Bellomo, S. M. Bagshaw, N. J. Glassford, S. Lo, M. 
Jun, A. Cass, M. Gallagher, "Choice of Renal Replacement Therapy 
Modality and Dialysis Dependence after Acute Kidney Injury: a 
Systematic Review and Meta-Analysis", Intensive Care Medicine, 
Springer, Vol. 39, pp. 987-997, 2013. 

[13] R. Bellomo, J. A. Kellum, C. Ronco, "Defining Acute Renal Failure: 
Physiological Principles", Applied Physiology in Intensive Care 
Medicine 1, Springer, pp. 115-119, doi: 10.1007/978-3-642-28270-6_26, 
2012. 

[14] M. Legrand, M. Darmon, M. Joannidis, D. Payen, "Management of renal 
replacement therapy in ICU patients: an international survey", Intensive 
Care Medicine, Springer, Vol. 39, pp. 101-108, 2013. 

[15]  J. W. Agar, A. Perkins, and J. G. Heaf, "Home Hemodialysis: 
Infrastructure, Water, and Machines in The Home", Hemodialysis 
International, Vol. 19, pp. S93–S111, 2015. 

[16]  A. Rastogi and A. R. Nissenson, "Technological Advances in Renal 
Replacement Therapy: Five Years and Beyond", Clinical Journal of the 
American Society of Nephrology, Vol. 4, pp. S132–S136, 2009. 

[17] A. Davenport, "Portable and Wearable Dialysis Devices for The 
Treatment of Patients with End-Stage Kidney Failure: Wishful Thinking 
or Just over The Horizen? ", Pediatr Nephrol, doi: 10.1007/s00467-014-
2968-3, 2014. 

[18]  C. Ronco, A. Davenport, and V. Gura, "The Future of the Artificial 
Kidney: Moving Towards Wearable and Miniaturized Devices", 
Nefrologia, Vol. 31, pp. 9-16, 2011. 

[19]  P. Armignacco, A. Lorenzin, M. Neri, F. Nalesso, F. Garzotto, and C. 
Ronco, "Wearable Devices for Blood Purification: Principles, 
Miniaturization, and Technical Challenges", Seminars in Dialysis, Vol. 
28, pp. 125-130, 2015. 

[20]  K. H. Lee, D. J. Kim, B. G. Min, and S. H. Lee, "Nano Web Based 
Novel Microchip for Artificial Kidney", IFMBE Proceedings, Vol. 14, 
pp. 279-282, 2002. 

[21]  E. Weinberg, M. k. Mofrad, and J. Borenstein, "Concept and 
Computational Design for a Bioartificial Nephron-on-a-Chip", the 
International Journal of Artificial Organs, Vol. 31, pp. 508-514, 2008. 

[22]  A. R. Nissenson, C. Ronco, G. Pergamit, M. Edelstein, and R. Watts, 
"The Human Nephron Filter: Toward a Continuously Functioning, 
Implantable Artificial Nephron System", Blood Purif, Vol. 23, pp. 269–
274, 2005. 

[23]  S. J. Lee and B. K. Choi, "The Artificial Glomerulus Design Using 
Diffusion in Microchannels", International Journal Of Precision 
Engineering And Manufacturing, Vol. 13, pp. 307-310, 2012. 

[24]  W. H. Fissell, H. D. Humes, Fleischman A. J.,and S. Roy, "Dialysis and 
Nanotechnology: Now, 10 Years, or Never?  " , Blood Purif, Vol. 25, pp. 
12-17, 2007. 

[25]  N. Suwanpayak, MA. Jalil, MS. Aziz, FD. Ismail, J. Ali, and PP. 
Yupapin, "Blood Cleaner On-Chip Design for Artificial Human Kidney 
Manipulation", International Journal of Nanomedicine, Vol. 6, pp. 957–
964, 2011. 

[26]  D. G. Johnson, T. S. Khire, Y. L. Lyubarskaya, K. J. P. Smith, J. P. S. 
DesOrmeaux, J. G. Taylor, T. R. Gaborski, A. A. Shestopalov, Ch. C. 
Striemer, and J. L. McGrath, "Ultrathin Silicon Membranes for 
Wearable Dialysis", Advances in Chronic Kidney Disease, Vol. 20, pp. 
508-515, 2013. 

[27]  A. G. Sciancalepore , F. Sallustio, S. Girardo, L. G. Passione, A. 
Camposeo, E. Mele, M. D. Lorenzo, V. Costantino, F. P. Schena, and D. 
Pisignano , "A Bioartificial Renal Tubule Device Embedding Human 
Renal Stem/Progenitor Cells", Renal Proximal Tubule On-Chip with 
Stem Cells, PLOS ONE, Vol. 9, doi: 10.1371, 2014. 

[28]  X. Dong, J. Chen, Q. He, Y. Yang, and W. Zhang, "Construction of 
Bioartificial Renal Tubule Assist Device In Vitro and Its Function of 
Transporting Sodium and Glucose", Journal of Huazhong University of 
Science and Technology, Vol. 29, pp. 517-521, 2009. 

[29]  Y. Fujita, M. Asano, K. Sugano, and T. Tokimasa, "Preparation of a 
Bioartificial Kidney Using Tubular, Epithelial Cells, and an Evaluation 
of Na+ Active Transport and Morphological Changes", Journal Artificial 
Organs, Vol. 3, pp. 107-111, 2000. 

[30]  A. Saito, K. Sekiguchi, Duc. M. Vu, R. Tanaka, and T. Kakuta, "Present 
Status and Perspectives of Bioartificial Kidneys", Journal Artificial 
Organs, Vol. 9, pp. 130–135, 2006. 

[31]  P. Y. W. Dankers,  J. M. Boomker,  A. Huizinga-van der Vlag, F.M. M. 
Smedts, M. C. Harmsen, and M. J. A. van Luyn, "The Use of Fibrous, 
Supramolecular Membranes and Human Tubular Cells for Renal 
Epithelial Tissue Engineering: Towards a Suitable Membrane for a 
Bioartificial Kidney",  Macromolecular Bioscience, Vol.10, pp. 1345–
1354, 2010. 

[32]  F. Tasnim, R. Deng, M. Hu, S. Liour, Y. Li, M. Ni, J. Y. Ying, and D. 
Zink, "Achievements and Challenges in Bioartificial Kidney 
Development", Fibrogenesis Tissue Repair, pp. 3-14, doi: 10.1186/1755-
1536-3-14, 2010. 

[33]  H. D. Humes, D. Buffington, A. J. Westover, S. Roy, and W. H. Fissell, 
"The Bioartificial Kidney: Current Status and Future Promise", Pediatric 
Nephrology, Vol. 29, pp. 343-351, 2014. 

[34] D. A. Buffingtona, A. J. Westovera, K. A. Johnstona, and H. D. Humes, 
"The Bioartificial Kidney", Translational Research, Vol. 163, pp. 342–
351, 2014. 

[35]  J. Jansena, C. M. S. Schophuizena, M. J. Wilmera, S. H. M. Lahhame, 
H. A. M. Mutsaersa, J. F. M. Wetzelsd, R. A. Banke, L. P. van den 
Heuvelc, J. G. Hoenderopb, and R. Masereeuwa, "A Morphological and 
Functional Comparison of Proximal Tubule Cell Lines Established from 
Human Urine and Kidney Tissue", Experimental Cell Research, Vol. 
323, pp. 87–99, 2014. 

[36]  B. D. Humphreys, "Kidney Injury, Stem Cells and Regeneration", Curr 
Opin Nephrol Hypertens, Vol. 23, pp. 25-31, 2014. 

[37]  T. M. DesRochers, E. Palma, and D. L. Kaplan, "Tissue-Engineered 
Kidney Disease Models", Advanced Drug Delivery Reviews, Vol. 69-
70, pp. 67-80, 2014. 

[38] A. Hoppensack, C. C. Kazanecki, D. Colter, A. Gosiewska, J. Schanz, 
H. Walles, and K. Schenke-Layland, "A Human In Vitro Model That 

https://www.inkling.com/store/book/medical-physiology-rodney-rhoades-david-bell-4th?chapterId=ae2528cb84924097999169f739302fba
https://www.inkling.com/store/book/medical-physiology-rodney-rhoades-david-bell-4th?chapterId=ae2528cb84924097999169f739302fba
https://www.inkling.com/store/book/medical-physiology-rodney-rhoades-david-bell-4th?chapterId=ae2528cb84924097999169f739302fba
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Kim+E.+Barrett&search-alias=books&text=Kim+E.+Barrett&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Susan+M.+Barman&search-alias=books&text=Susan+M.+Barman&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Scott+Boitano&search-alias=books&text=Scott+Boitano&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_4?ie=UTF8&field-author=Heddwen+Brooks&search-alias=books&text=Heddwen+Brooks&sort=relevancerank
http://link.springer.com/search?facet-creator=%22Matthieu+Legrand%22
http://link.springer.com/search?facet-creator=%22Michael+Darmon%22
http://link.springer.com/search?facet-creator=%22Michael+Joannidis%22
http://link.springer.com/search?facet-creator=%22Didier+Payen%22
http://link.springer.com/journal/134
http://link.springer.com/search?facet-creator=%22Antoine+G.+Schneider%22
http://link.springer.com/search?facet-creator=%22Rinaldo+Bellomo%22
http://link.springer.com/search?facet-creator=%22Sean+M.+Bagshaw%22
http://link.springer.com/search?facet-creator=%22Neil+J.+Glassford%22
http://link.springer.com/search?facet-creator=%22Serigne+Lo%22
http://link.springer.com/search?facet-creator=%22Min+Jun%22
http://link.springer.com/search?facet-creator=%22Min+Jun%22
http://link.springer.com/search?facet-creator=%22Alan+Cass%22
http://link.springer.com/search?facet-creator=%22Martin+Gallagher%22
http://link.springer.com/journal/134
http://link.springer.com/search?facet-creator=%22Rinaldo+Bellomo%22
http://link.springer.com/search?facet-creator=%22John+A.+Kellum%22
http://link.springer.com/search?facet-creator=%22Claudio+Ronco%22
http://link.springer.com/book/10.1007/978-3-642-28270-6
http://link.springer.com/book/10.1007/978-3-642-28270-6
http://link.springer.com/search?facet-creator=%22Matthieu+Legrand%22
http://link.springer.com/search?facet-creator=%22Michael+Darmon%22
http://link.springer.com/search?facet-creator=%22Michael+Joannidis%22
http://link.springer.com/search?facet-creator=%22Didier+Payen%22
http://link.springer.com/journal/134
http://link.springer.com/journal/134
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/article/pii/S1548559513001110
http://www.sciencedirect.com/science/journal/15485595
http://link.springer.com/search?facet-creator=%22H.+David+Humes%22
http://link.springer.com/search?facet-creator=%22Deborah+Buffington%22
http://link.springer.com/search?facet-creator=%22Angela+J.+Westover%22
http://link.springer.com/search?facet-creator=%22Shuvo+Roy%22
http://link.springer.com/search?facet-creator=%22William+H.+Fissell%22
http://link.springer.com/journal/467
http://link.springer.com/journal/467
http://www.sciencedirect.com/science/article/pii/S1931524413003782?np=y
http://www.sciencedirect.com/science/article/pii/S1931524413003782?np=y
http://www.sciencedirect.com/science/article/pii/S1931524413003782?np=y
http://www.sciencedirect.com/science/article/pii/S1931524413003782?np=y
http://www.sciencedirect.com/science/article/pii/S1931524413003782?np=y
http://www.sciencedirect.com/science/article/pii/S1931524413003782?np=y
http://www.sciencedirect.com/science/article/pii/S1931524413003782?np=y
http://www.sciencedirect.com/science/journal/19315244
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743#aff0015
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/article/pii/S0014482714000743
http://www.sciencedirect.com/science/journal/00144827
http://www.ncbi.nlm.nih.gov/pubmed/?term=Humphreys%20BD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=24231311
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=24231311
http://www.sciencedirect.com/science/article/pii/S0169409X13002883
http://www.sciencedirect.com/science/article/pii/S0169409X13002883
http://www.sciencedirect.com/science/article/pii/S0169409X13002883
http://www.sciencedirect.com/science/journal/0169409X


International Journal of Science and Engineering Investigations, Volume 4, Issue 42, July2015 50 

www.IJSEI.com            Paper ID: 44215-06 ISSN: 2251-8843 

Mimics the Renal Proximal Tubule", Tissue Engineering Part C: 
Methods, Vol. 20, pp. 599-609, 2014. 

[39]  C. M. S. Schophuizena, I. E. D. Napolid, J. Jansena, S. Teixeirad, M. J. 
Wilmerc, J. G. J. Hoenderopb, L. P.W. Van den Heuvela, R. 
Masereeuwc, and D. Stamatialis, "Development of a Living Membrane 
Comprising a Functional Human Renal Proximal Tubule Cell 
Monolayer on Polyethersulfone Polymeric Membrane", Acta 
Biomaterialia, Vol. 14, pp. 22-32, 2015. 

[40]  M. L. L. Madariaga and H. C. Ott, "Bioengineering Kidneys for 
Transplantation", Seminars in Nephrology, Vol. 34, pp. 384–393, 2014. 

[41]  J. Jansen, M. Fedecostante, M. J. Wilmera, L. P. van den Heuvel, J. G. 
Hoenderopb, R. Masereeuw, "Biotechnological Challenges of 
Bioartificial Kidney Engineering", Biotechnology Advances, Vol. 32, 
pp. 1317–1327, 2014. 

[42]  V. Gura, A. Davenport, M. Beizai, C. Ezon, and C. Ronco, "β2-
Microglobulin and Phosphate Clearances using a Wearable Artificial 
Kidney: A Pilot Study”, American Journal of Kidney Diseases, Vol 54, 
pp. 104–111, 2009. 

[43]  C. Ronco and L. Fecondini, "The Vicenza Wearable Artificial Kidney 
for Peritoneal Dialysis (ViWAK PD)  " , Blood Purif, Vol. 25, pp.383–
388, 2007. 

[44] B. C. Rossier, "Negative Regulators of Sodium Transport in the Kidney: 
Key Factors in Understanding Salt-Sensitive Hypertension?  " , American 
Society for Clinical Investigation, Vol. 111, No. 7, pp. 947-50, 2003. 

[45]  P. Aebischer, T. K. Ip, G. Panol, and P. M. Galletti: "The Bioartificial 
Kidney: Progress Towards an Ultrafiltration Device with Renal 
Epithelial Cells Processing", Life Support Systems, Vol. 5, pp. 159-168, 
1987. 

[46]  H. Uludag, G. Panol, and P. Aebischer, "Control of Water Flux in a 
Bioartificial Kidney", American Society for Artificial Internal Organs 
Transactions, Vol. 35, pp. 523-527, 1989. 

[47]  H. D. Humes, D. A. Buffington, S. M. MacKay, A. J. Funke, and W. F. 
Weitzel, "Replacement of Renal Function in Uremic Animals with a 
Tissue-Engineered Kidney", Nature Biotechnology, Vol. 17, No. 5, pp. 
451-455, 1999. 

[48]  H. D. Humes, S. M. MacKay, A. J. Funke, and D. A. Buffington, 
"Tissue Engineering of a Bioartificial Renal Tubule Assist Device: in 
Vitro Transport and Metabolic Characteristics", Kidney International, 
Vol. 55, No. 6, pp. 2502–2514, 1999. 

[49]  Y. Fujita, M. Terashima, T. Kakuta et al., "Transcellular Water 
Transport and Stability of Expression in Aquaporin 1-Transfected LLC-
PK1 Cells in The Development of a Portable Bioartificial Renal Tubule 
Device", Tissue Engineering, Vol. 10, No. 5-6, pp. 711–722, 2004. 

[50]  A. Saito, "Research into The Development of a Wearable Bioartificial 
Kidney with a Continuous Hemofilter and a Bioartificial Tubule Device 
Using Tubular Epithelial Cells", Artificial Organs, Vol. 28, No. 1, pp. 
58–63, 2004. 

[51]  W. H. Fissell, A. J. Fleischman, H. D. Humes, and S. Roy, 
"Development of Continuous Implantable Renal Replacement: Past and 
Future", Translational Research, Vol. 150, pp. 327-336, 2007. 

[52]  W. H. Fissell and S. Roy, "The Implantable Artificial Kidney", 
Seminars in Dialysis, Vol. 22, pp.665-670, 2009. 

[53]  B. L. Jaber, F. O. Finkelstein, J. D. Glickman, A. R. Hull, M. A. Kraus, 
J. K. Leypoldt, J. Liu, D. Gilbertson, J. McCarthy, B. W. Miller, J. 
Moran, A. J. Collins, and FREEDOM Study Group, "Scope and Design 
of The Following Rehabilitation, Economics and Everyday-Dialysis 
Outcome Measurements (FREEDOM) Study", American Journal 
Kidney Diseases, Vol. 53, pp. 310-320, 2009. 

[54]  A. Scott, "Portable Home Hemodialysis for Kidney Failure", Issues 
Emerging Health Technologies, Vol.108, pp.1-4, 2007. 

[55]  N. Anzai, P. Jutabha, Y. Kanai, and H. Endou, "Integrated Physiology 
of Proximal Tubular Organic Anion Transport", Current Opinion 
Nephrology Hypertens, Vol.14, pp.472-479, 2005. 

[56]  Y. J. Lee and H. J. Han, "Regulatory Mechanisms of Na+/Glucose 
Cotransporters in Renal Proximal Tubule Cells", Kidney International 
Supplement, Vol. 72, pp. S27-S35, 2007. 

[57]  S. H. Wright, "Role of Organic Cation Transporters in The Renal 
Handling of Therapeutic Agents and Xenobiotics", Toxicology and 
Applied Pharmacology, Vol. 204, pp.309-319, 2005. 

[58]  M. Soleimani, "Na+:HCO3- Cotransporters (NBC): Expression and 
Regulation in The Kidney", Journal of Nephrology, Vol. 15, pp.S32-
S40, 2002. 

[59]  X. Gao, Y. Tanaka, Y. Sugii, K. Mawatari, and T. Kitamori, "Basic 
Structure and Cell Culture Condition of a Bioartificial Renal Tubule on 
Chip Towards a Cell-based Separation Microdevice", Analytical 
Sciences, Vol. 27, pp. 907-912, 2011. 

[60]  E. Raille and A. Doucet, "Sodium-Potassium-Adenosinetriphosphatase-
Dependent Sodium Transport in the Kidney: Hormonal Control", 
Physiological Reviews, Vol. 81, pp. 345-418, 2001. 

[61]  C. A. Ecelbarger, and S. Tiwari, "Sodium Transporters in the Distal 
Nephron and Disease Implications", Hypertension: Kidney, Sodium, and 
the Renin-Angiotensin System, 2006,Vol. 8,  pp. 158-165. 

[62]  N. Kanai, Y. Fujita, and T. Kakuta, "The effects of Various 
Extracellular Matrices on Renal Cell Attachment to Polymer Surfaces 
During the Development of Bioartificial Renal Tubules", Artificial 
Organs, Vol. 23, pp.114-8, 1999. 

[63] Y. Sato, M. Terashima, N. Kagiwada, T. Aung, M. Inagaki, T. Kakuta, 
and A. Saito, "Evaluation of Proliferation and Functional Differentiation 
of LLC-PK1 Cells on Porous Polymer Membranes for the Development 
of a Bioartificial Renal Tubule Device", Vol. 11, pp. 1506-1515, 2005. 

[64]  W. W. Minuth, K. Schumacher, and R. Strehl, "Renal Epithelia in Long 
Term Gradient Culture for Biomaterial Testing and Tissue Engineering", 
Biomedical Materials and Engineering, Vol. 15, pp. 51-63, 2005. 

[65]  W. W. Minuth and R. Strehl, "Technical and Theoretical Considerations 
about Gradient Perfusion Culture for Epithelia Used in Tissue 
Engineering, Biomaterial Testing and Pharmaceutical Research", 
Biomedical Materials, pp. R1-R11, doi: 10.1088/1748-6041/2/2/R01, 
2007. 

[66]  A. Ashkin, J. M. Dziedzic, and T. Yamane, "Observation of a 
Singlebeam Gradient Force Optical Trap for Dielectric", Optics Letters, 
Vol. 11, pp.288–290, 1986. 

[67]  K. Svoboda and S. M. Block, "Biological Applications of Optical 
Forces", Annual Review of Biophysics and Biomolecular Structure, Vol. 
23, pp. 247–282, 1994. 

[68]  S. Acharya and S. K. Sahoo, "PLGA Nanoparticles Containing Various 
Anticancer Agents and Tumour Delivery by EPR Effect", Advanced 
Drug Delivery Reviews, Vol. 63, No. 3, pp. 170–183, 2011. 

[69]  S. Authasing, S. Chantanetra, S. Mitatha, and P. P. Yupapin, "Tissue 
Culture on-Chip Design Using Multivariable Molecular Network", 
Prcodeia Engineeign, Vol. 32, pp. 286-290, 2012. 

[70]  M. A. Jalil, M. Tasakorn, N. Suwanpayak, J. Ali, and P. P. Yupapin, 
"Nanoscopic Volume Trapping and Ransportation Using a PANDA 
Ring Resonator for Drug Delivery", IEEE. Trans. on Nanobioscience, 
Vol. 10, pp. 106-112, 2011. 

[71]  N. Moongfangklang, S. Mitatha, and P.P. Yupapin, "Molecular Buffer 
Using a PANDA Ring Resonator for Drug Delivery Use", Advanced 
Materials Research, Vol. 506, pp. 49-52, 2012. 

[72]  M. W. Berns, W. H. Wright, and R. W. Steubing, "Laser Microbeam as 
a Tool in Cell Biology", International Review of Cytology, Vol. 129, 
pp.1-44, 1991. 

[73]  S. M. Block, "Optical Tweezers: a New Tool for Biophysics", In 
Noninvasive Techniques in Cell Biology, Chapter 15, pp. 375-402, 
1990. 

[74]  I. S. Amiri and J. Ali, "Deform of Biological Human Tissue Using 
Inserted Force Applied by Optical Tweezers Generated by PANDA 
Ring Resonator", Quantum Matter, Vol. 3, pp. 24-28, 2014. 

[75]  I. S. Amiri, S. E. Alavi, M. R. K. Soltanian, A. S. M. Supa'at, N. 
Fisal, H. Ahmad, "Generation of Femtosecond Soliton Tweezers Using a 
Half-Panda System for Modeling the Trapping of a Human Red Blood 
Cell", Journal of Computational and Theoretical Nanoscience, Vol. 12, 
pp. 10-18, 2015. 

[76] Z. Liu, P. Liang, Y. Zhang, Y. Zhang,  E. Zhao,  J. Yang, and L. Yuan, 
"Micro particle launcher/cleaner based on optical trapping technology",  
Optics Express, Vol. 23, pp. 8650-8658, 2015. 

http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X#af015
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/article/pii/S174270611400556X#af015
http://www.sciencedirect.com/science/article/pii/S174270611400556X
http://www.sciencedirect.com/science/journal/17427061
http://www.sciencedirect.com/science/journal/17427061
http://www.sciencedirect.com/science/article/pii/S0270929514000783?np=y
http://www.sciencedirect.com/science/article/pii/S0270929514000783?np=y
http://www.sciencedirect.com/science/journal/02709295
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/article/pii/S0734975014001153#af0010
http://www.sciencedirect.com/science/article/pii/S0734975014001153
http://www.sciencedirect.com/science/journal/07349750
http://www.sciencedirect.com/science/journal/02726386
http://www.ncbi.nlm.nih.gov/pubmed/15623930
http://www.ingentaconnect.com/content/asp/qm;jsessionid=1gaad808c1rlc.alice
http://www.ingentaconnect.com/content/asp/jctn
https://www.osapublishing.org/oe/

