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The development of effective extracorporeal liver support systems in acute and chronic hepatic failure for transplantology purposes and
in toxic injuries is a promising direction in modern biomedical studies. Widely used techniques are based on physicochemical interactions
of biological molecules, and able to perform a detoxification function only (hemodialysis, hemofiltration, hemodiafiltration, sorption, albumin
dialysis, plasmapheresis). However, support systems combining both blood/plasma perfusion and cellular technologies to maintain metabolic,
synthetic and regulatory hepatic functions — “artificial liver” systems — are being extensively developed in recent decades. The review
describes the main types of cell lines cultured to occupy bioreactors, various technological concepts for bioreactor design (dynamic, static),
scaffold-carriers as part of bioreactors (structure, biochemical composition). The study gives metabolic characteristics of a cellular component
of “bioartificial liver”: nourishment, oxygen saturation. Various types of existing extracorporeal support systems, their evolution, and preclinical

and clinical test results are presented.
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Background

One can find basic knowledge of liver and hepatic
vessels as far back as in ancient literature. A prominent
Roman physician and philosopher C. Galenus (131-211)
studied liver functions and structure. A. Vesalius (1514—
1564) made a major contribution to human anatomy
development. The works of F. Glisson (1597-1677),
Professor of Medicine and Anatomy in Cambridge, a
follower of W. Harvey, are worth mentioning. Studying
cardiac anatomy and vessel topography, he was the first
who described a capsule covering the liver, and since
that time it has been called Glisson’s capsule. F. Glisson
is the author of “Anatomia hepatica” published in 1654,
in which he first represented in detail liver structure. The
works of H. Rex (1888) and G. Cantlie (1897) were of
great importance for liver architectonics understanding.
Significant contribution to the study of its structure

belongs to C. Couinaud (1922-2008). The idea of
segmental division of liver and bile ducts he revised and
proposed in 1954 is the basis of surgical hepatology to
the present day. Currently, there is a branch of science
studying hepatic pathology — hepatology — due to
its specific character. Despite a long history of liver
structure and functioning study, to the present time a lot
of functional and regeneration phenomena of this organ
still remain unknown.

Liver has many vital functions, mainly detoxification
and synthetic ones. Moreover, due to its detoxification
activity, in many diseases liver is a target organ. The
severity of clinical manifestations of congenital and
acquired hepatic diseases depends on the degree of
hepatic parenchymal damage and the capability of
intact hepatocytes and stem cells to compensate the
loss by proliferation. The decreased liver functional
activity lower than critical level results from hepatic
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insufficiency, which gradually causes severe nervous
and metabolic disorders and finally leads to death [1].
Unlike the heart, lungs and kidneys, which have a single
primary function, the liver has many vital functions of
the body: carbohydrate and fat metabolism, protein
synthesis, metabolism of amino acids, ureapoiesis,
biotransformation of medicines and toxins, elimination of
protein, lipid and pigment metabolic waste products [2].
In contrast to the heart and lungs, now the liver remains
probably the only organ, the functions of which have not
yet been successfully replaced by artificial support.

Due to tremendous upgrowth of liver surgery in the
last two decades there have been determined many
stimulation and suppression mechanisms of liver
regeneration potential, as well as those of hepatic failure.
A steadfast rule of surgical hepatology is leaving at least
a patient’s 1% liver mass of body mass. In case of liver
fibrosis or cirrhosis, the percentage is to be doubled or
tripled depending on parenchyma damage degree. The
smaller post-resection fragment does not regenerate,
and the condition is interpreted as a “small-for-size
syndrome” and results in fatal post-resection hepatic
failure. For liver failure prevention, over the last 10 years
there have been suggested the technologies of controlled
stimulation of perspective liver fragment hypertrophy in
patient “in situ”. The most frequently used technologies
are segmental portal embolization of lobar branch of
portal vain (the most affected hepatic lobe) resulting
in hypertrophy of contralateral lobe parenchyma; it is
possible to combine it with occlusional embolization of
the appropriate artery. ALPPS (Associating Liver Partition
and Portal vein Ligation for Staged hepatectomy) is the
most effective technology, which enables to achieve the
increase of perspective parenchyma volume by 78.4%
and more over 7-9 days [3, 4].

Currently, liver transplantation is the most effective
and practicable treatment method for acute post-
resection and progressive chronic liver failure. There
have been performed whole liver transplantations from
a deceased donor or partial liver transplantations when
a liver part is taken from a live relative counting on liver
hypertrophy in a postoperative period.

And liver transplantation availability is limited both
in Russia and abroad. According to the studies of the
last 10 years [5], one in three patients does not live till
transplantation, mainly due to the shortage of donor
organs and a time consuming search process of a
matched donor.

In order to reduce death rate among patients
with hepatic failure there have been developed
effective extracorporeal livers supports used before
transplantation.

Physicochemical liver support systems

In recent times, in clinical practice there have been
used the following separate or combined methods for
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artificial liver replacement: diffusion (hemodialysis),
convection  (hemofiltration),  diffusion-convectional
(hemodiafiltration), sorption (LPS-sorption — sorption of
lipopolysaccharide toxines, plasmosorption), diffusion-
convection-sorption (albumin dialysis) and afferent
(plasmapheresis) [5, 6]. All the listed methods are based
on the usage of physicochemical interactions of biological
molecules, and low- and medium-weight uremic toxins,
small proteins, some bacterial endotoxins are eliminated
from patient’s plasma.

A modified system of fractional plasma separation
and adsorption — Prometheus (Fresenius Medical
Care, Germany) provides an example of one of
known and widely-accepted detoxification systems.
Prometheus system consists of dialysis machine with
an integrated module for albumin separation and
adsorption. The system eliminates albumin-bound
and water-soluble toxins that making hepatocyte
regeneration easier [7]. In addition, in Germany there
has been developed and widely used MARS — a
molecular absorbing recirculating system (a molecular
system of recirculating absorption), which eliminates
water-soluble and albumin-bound toxins. MARS has
been used in clinical practice since 1993. It is worth
noting that apparatuses and consumables are high-cost
(several thousand dollars per a procedure) that limits
widespread application of these systems [8]. In Russia
only a few clinics are equipped with such systems for
temporary liver support.

Al mentioned physicochemical systems for
extracorporeal liver support aim at maintaining patients
with liver failure within a short period of time determined
by the severity of hepatic insufficiency.

The common disadvantages are the following:

1) lack of nervous and humoral regulation
mechanisms, as well as the connection with other body
organs and systems;

2) insufficiency of detoxification capacity to cease
liver parenchyma damage [9].

Nevertheless, if liver functions are to be supported,
the existing blood purification systems are the only
techniques to support a patient before transplantation.

In 1991 for the first time there was introduced Auxiliary
partial orthotopic liver transplantation (APOLT)—
the technology of temporary liver transplantation
(replating) without removal of genuine damaged and
partially necrotized liver [10, 11]. The technique is
based on regeneration of proper liver for about 4
weeks in fulminant hepatic failure. The success results
from complete substitution of hepatic function in this
period. In proper organ restoration established by
control morphological examinations of bioptic material,
transplanted donor liver is removed and transplanted
to the next recipient — “domino effect” [12]. Despite
the exoticism of the technique, it demonstrates high
efficiency [13]. Limiting factors of APOLT: the technique
is used in highly specialized medical centers with unique
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surgical equipment. Unfortunately, the method has not
found its application in world practice.

Since liver functions include not only detoxification,
an ideal extracorporeal system should also support
metabolic, synthetic and regulatory hepatic functions
[14, 15]. In this regard, since the 80s of XX century the
support systems combining blood/plasma perfusion and
cell technologies have being extensively developed.

“Bioartificial liver” and extracorporeal
liver support

“Artificial liver” bioreactor structure. Currently,
there are liver support systems using living hepatocyte
cultures — “artificial liver” bioreactors. Technology
concepts in bioreactor structure are various [16]. In
general, a bioreactor can be defined as a large closed
system, inside which there are two main parts: cell activity
zone and plasma and blood circulation zone separated
by a semi-permeable membrane. After systemic blood
purification (detoxification, dialysis) patient’s plasma or
blood enters a bioreactor, where hepatocytes enrich
them by synthesis products. From plasma hepatocytes
take oxygen, nutrients and toxins, while bile acids, blood
coagulation factors, lipoproteins, aminoacids and other
metabolism products of hepatocytes return to plasma.
A membrane is a barrier for large-mass substances
(transport protein, immunoglobulins, lipoproteins), and
for immune-competent human blood cells. Substances
can be transported by diffusion or convection, as well as
by concentration gradient, it depending on membrane’s
charge, size, and physicochemical properties [17]
(Fig. 1). Inside the cell activity zone, oxygen, nutrients,
toxins, waste products of hepatocytes are transported by
diffusion [18, 19].

Cell cultures as part of a bioreactor. Now the main
efforts of researchers are focused on the development
of appropriate cell lines, and arrangement of optimal
conditions for their culture as part of a bioreactor. A cell
metabolism characteristic is a topic of interest for many
studies, since cells should match some criteria for
efficient implementation of bioregulating and
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some researchers describe in their studies hepatocyte
treated by biologically active substances, in particular,
immunosuppressants FK506 and cyclosporine A [23].

2. The use of xenogeneic, of animal origin, primary
hepatocytes. Primary porcine hepatocytes are really
used in the overwhelming majority of liver support
systems [24, 25]. The choice is explained by the lack of
human hepatocytes, similarity of human and porcine
hepatocytes, the availability of porcine hepatocytes.
However, the use of porcine hepatocytes has a certain
risk. According to Food and Drug Administration (FDA,
USA) guidelines, only certain pigs bred in appropriate
conditions should be used for porcine hepatocytes
applied as cell lines [26]. It relates mainly to the
problem of eventual immune response in patients
after their blood perfusion through xenohepatocytes.
Another important issue is the problem of protection
of porcine hepatocytes against potentially active
factors of patients’ immune system during perfusion.
Moreover, despite hepatic functions in all mammals
are similar, there are still differences, and xenogeneic
hepatocytes cannot perform all metabolic task complex
of a human liver [27].

3. The use of immortal and genetically modified
human and animal hepatocyte lines [28]. This field now
is the most prospective [29]. Such cells are characterized
by unlimited but controlled division property, minimum
risk of infection transmission, and they possess the
main biological characteristics and functions of primary
hepatocytes [30]. Various immortalized cell lines of
hepatocytes are used for cell culture in a bioreactor:
PICM-19 line was developed from 8-day porcine
embryonic cells [31], there were developed human
immortalized lines of hepatocyte-like cells — HepZ [32],
HepG2 [33], cBAL111 [34]. In addition, Chang Liver
developed in 1954 is used, though the line supposedly
isolated from tumor cells, has limited application due to
its oncogenic potential [35].

All the mentioned methods of making specialized
monocultures have one characteristic: when they are
used, the lack of hepatocyte growth stimulation causes
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isolated from donor tissues [21, 22]. In order to
increase the life time of adult donor’s hepatocyte,
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the limitation on the number of proliferation cycles —
up to eight [36]. It prevents from obtaining a sufficient
number of normal hepatocytes to fill a bioreactor.
Moreover, besides hepatocytes, a healthy liver also
has other cells, which stimulate their proliferation and
differentiation (Kupffer cells, stelate cells) [37], but they
are not used in these techniques.

However, there have been carrying on the studies
concerned with the use of originally different cells in
a bioreactor, as well as the application of combined
culture of several cell types [38]. In such researches
both specialized and pluripotent cells are used as co-
cultures. An experimental work [39] has showed that
simultaneous culture of porcine hepatocytes with non-
parenchymal (duct, stellate, and endothelial cells)
human cells in matrigel results in spontaneous formation
of microsinusoids expressing albumin and cytochromes
P450, as well as micro-tissue structures — progenitors
of bile ducts and blood vessels. Co-cultivation of human
primary hepatocytes with endothelial cells of bile ducts
was found to have a favorable effect on both hepatic
cell lines and stimulate active hepatocyte functioning
[40, 41]. The researches on co-culture of primary human
hepatocytes and multipotent bone marrow mesenchymal
cells [42, 43] have shown that hepatocytes cultured under
such conditions have higher synthetic and proliferative
potential.

One more method of hepatocyte-like cell culture
is the use of stem cells of various origin. Controlled
differentiation of marrow bone and adipose tissue-derived
stroma cells was found to enable to culture committed
hepatic cells. For such differentiation, fibroblast growth
factor FGF1 [44], hepatocyte growth factor HGF [45],
specialized differentiation media are used [46]. To
cultivate hepatocyte-like cells there also used progenitor
hepatic cells, which are precursors of hepatocytes and
bile duct cells [47].

However, some studies describe the differentiation of
stromal stem cells into hepatocyte-like cells to be due to
the use of biologically active carrier-material. In particular,
the use of rat decellularized liver as a 3D framework
for cell growth has showed that such a biotemplate
stimulates target differentiation of mesenchymal stem
cells in mature hepatocytes regardless of growth factors
in cultural medium [48].

Metabolic characteristics of cells as part of a
bioreactor. In vivo hepatic cells are in want of nutrients,
oxygen and highly sensitive to metabolite concentration
changes. Therefore, it is crucial to create conditions
close to natural in a bioreactor.

Nourishment. In vivo cells are nourished through
an extensive capillary network. The distance between
capillaries and cells is not long, and oxygen and
nutrients penetrate the cells by diffusion. An artificial
system lacks such a capillary network. It results in non-
regular distribution of culture medium inside cell mass,
and substances synthesized by hepatocytes cannot
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completely be transported to patient’s blood [49]. The
problem is solved in a variety of ways, e.g. hepatocyte
cultivating on different permeable substrates [50], as
well as by constant stirring of culture media [51].

Oxygen saturation. Oxygen enters culture from
gaseous layer above the media surface, and its entrance
is limited by solubility coefficient, which is rather low.
Under conditions of high cell density, only a few cells
are in direct contact with phase boundary surface and
can receive oxygen by diffusion [52]. Inside cell mass,
where cells are in contact with each other only, oxygen
does not pass from cell to cell leading to acute hypoxia.
The problem is settled by various means. One of the
variants is medium stirring, when oxygen is transferred
by diffusion and by convection [53]. In some bioreactor
models access of oxygen to cells is increased due to
additional oxygen sources, and in other bioreactors —
direct oxygenation of culture medium, or plasma or whole
blood is used [54]. In the latter case, separate ways of
oxygenation inside a bioreactor are provided.

Scaffolds. Cells inside a bioreactor are usually
attached to some carrier substituting extracellular
matrix [55]. In addition, cell culture in 3D space rather
than a classical monolayer is used that contributes to
differentiation, intercellular contact formation, and the
higher cell viability [56]. Cell substrates, or scaffolds, can
be various in form and material.

1. Scaffolds from natural materials (collagen, alginate,
fibronectin, gelatin, matrigel). Their advantage is in the
effective cell bonding and their further proliferation.
However, strength of natural materials is insufficient, and
their micro-architecture is difficult to simulate [57].

2. Scaffolds from biocompatible synthetic materials.
Among these are aliphatic polyether-based polymers:
polylactide, polyglycolide, their co-polymers and
polycaprolactone, synthetic polypeptides [58], glass [59].
Synthetic scaffolds are stronger; they can be formed in
accordance with use requirements of a particular cell
line [56].

3. Scaffolds from a mixture of natural and synthetic
materials. As a rule, polycaprolactone and collagen are
used [60], and other components: alginate and chitosan
are added [61].

Suitable topological, morphological and biochemical
conditions should be provided for cell attachment and
proliferation [62]. Cell expansion on a scaffold depends
on cell distribution rate, as well as penetration rate of
cells into pores (external and internal transport) [63,
64]. And if outside transport depends primarily on
carrier material, inside transport depends on pore-cell
size ratio [65]. The following scaffold groups are the
most frequently used: group 1 consists of thin (2-3 mm
thick) plates or discs with porous surface (Fig. 2).
Hepatocytes cultured on such a surface colonize pores
forming clusters. The second group represents hollow
membrane fibers, in which hepatocytes are cultured
on the internal surface. The studies of last years have
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Fig. 3. Electronic photo of a scaffold part developed by means of
electrospinning, X1200 [67]

reported nanofibers made of natural and artificial
polymers to be used [66]. Such fibers are clustered in 3D
structures (Fig. 3) by various techniques, among which
electrospinning gains its popularity [67]. Moreover,
incapsulation technique (hepatocytes are encapsulated,
capsules being made of photopolymerized hydrogels) is
used to make scaffolds [68].

The use of several cell cultures as a part of a bioreactor,
can promote hepatocyte functioning improvement.
For example, the use of fibroblasts 3T3-J2 as a feeder
layer results in increased urea and albumin secretion by
hepatocytes [69]. Experiments have showed hepatocytes
to be able both to adhere to the material surface, and
self-organize into clusters [70]. And when hepatocytes
and endothelial cells are co-cultured, micro-vessels and
capillaries form simulating liver tissue [40]. Therefore,
when creating fabric-engineering constructions, the

Evolution of Bioreactors for Extracorporeal Liver Support
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interaction between various cells should be taken into
consideration.

Bioreactor design. Effective bioreactor functioning
requires optimization of transport of nutrients and
metabolites to cells, on the one hand, and delivery
system of plasma to hepatocytes — on the other hand.
If this goal is achieved, some technical problems arise,
which are solved differently in different bioreactors [71].
All bioreactor designs can be divided into two large
groups — static and dynamic.

In static bioreactors (Fig. 4) cells (single [72] or
organized into spheroid structures [73, 74]) are cultured
on scaffold surface, where they subsequently penetrate
inside under the action of gravity and capillary force.
Scaffolds with cells are washed by medium and
surrounded by semi-permeable membrane, through
which metabolites are exchanged. Plasma or blood
flow washes membrane enabling oxygen, nutrients and
toxins to penetrate into hepatocytes; and cell metabolism
products enter plasma or blood [75, 76].

In dynamic bioreactors (Fig. 5) cells are also
cultured on scaffolds surrounded by a semi-permeable
membrane, outside which there is plasma or blood flow,
and then the whole systems starts working. Magnetic

—

Fig. 4. Static bioreactor diagram [75]: 1 — hepatocytes fixed to
scaffold; 2 — a semi-permeable membrane; 3 — direction of in-
coming plasma or blood flow; 4 — direction of incoming medium
flow; 5 — direction of outgoing plasma or blood flow

1

Fig. 5. Diagram of a dynamic bioreactor [35]: 7 — aggregates of
hepatocytes; 2 — housing rotation direction; 3 — direction of in-
coming plasma or blood flow

CTM 2014 — vol. 6, No.1 93
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stir bars or a rotating housing are used. Scaffold rotation
results in better distribution of cells inside scaffolds,
cells coming through pores and filling all work space in
a scaffold. It contributes to higher cell proliferation and
increase of cell life [27, 67]. In addition, due to constant
rotation, cells are better washed by culture medium,
and metabolite exchange between patient’s plasma or
blood and hepatocytes is more effective [2]. As a result,
cells have no hypoxia and nutrient lack. Most modern
bioreactors are dynamic.

Variety of bioreactor technologies. By now,
several clinical studies have been carried out and only a
preliminary estimation of success and further prospects
can be made. Basic bioreactor construction types of
“artificial liver” are given in a Table.

The first report on bioartificial liver use in clinical practice
published in 1987 by K.N. Matsumura et al. [77] described
a positive effect in patients with liver failure due to bile
duct carcinoma. The device used consisted of a dialyzer
plate with highly-permeable cellophane membranes with
hepatocytes immobilized. At that time a group headed
by M.S. Margulis [78] performed a clinical trial of artificial
liver on patients with acute hepatic failure. A bioreactor
was composed of a column with activated carbon and
suspension of hepatocytes held by a nylon filter. Patient’s
blood was perfused through the system for about 6 h, a
column was changed every 24 hours, since suspension
of single cells quickly lost its metabolic activity.

In 1997 J.C. Gerlach [64] described a complex four-
component bioreactor based on hollow membrane
fibers, the collocation of which looked like a model of
natural vasculature. Three-dimensional construction
included semi-permeable membrane fibers organized
as 2D-structures. Regular elements of the network were

Basic types of “artificial liver” bioreactors

three hydrophilic fibers, two of which were colonized by
cells, and the third was designed for oxygen supply and
carbon dioxide removal. Porcine or human parenchymal
and non-parenchymal hepatic cells were cultured on
the outer part of fibers. Plasma entered the lumen of
membrane bundles, was filtered, after that it washed
the cells and returned to a patient. For this reactor there
was adjusted a high cell viability and the effective use
of available cell mass [79]. Such a bioreactor cultured
by human hepatocytes was approved for clinical trials,
though there is no information on success test results.

K. Naruse et al. in 1998 [27] described the device
based on primary porcine hepatocytes fixed on a
polyester matrix. The system was characterized by
preliminary formation of matrix cylindrical membrane and
the following direction of blood flow, which is beyond the
membrane, towards its internal part in a radial reactor.
External oxygenation was performed for sufficient oxygen
supply of hepatocytes. The application of the technique
enabled to increase survival rate of pigs with ischemic
model of liver failure.

In 1999 Flendrig L.M. et al. [62] suggested another
bioreactor type, in which porcine hepatocytes were
cultured being fixed to spiral fibers made of polyester
non-woven fabric forming 3D network. The construction
was packed in acylindric acrylic case. Inside the case
there was the perfusion of plasma flowing along a
bioreactor. Between adjacent layers there were inserted
microporous membranes for oxygen saturation and
carbon dioxide removal. Moreover, hepatocytes were
recorded to form aggregates, and so, such a bioreactor
construction resembled a natural hepatic unit.

S. Naka et al. in 1999 [80] developed a system
based on primary porcine hepatocytes. In this

Cell type Results

Positive effect in a patient with hepatic

Porcine, later — human hepatocytes

Cryopreserved porcine hepatocytes

Authors Year

Matsumura K.N. et al. [77] 1987

Human hepatocytes
Margulis M.S. et al. [78] 1989 Human hepatocytes
Gerlach J.C. [64] 1997
Naruse K. et al. [27] 1998 .

Porcine hepatocytes
Flendrig L.M. et al. [62] 1999 Porcine hepatocytes
Iwata H. et al. [81] 1999 i e
Migashi H. et al. [82] 1999 e e
Circe Biomedical Company [75] 1999
Solov'ev V.V., Akatov V.S., Lezhnev E.I. [84] 2000 Human hepatocytes
Ryabinin V.E. et al. [14] 2002

Vital Therapies, Inc.

Lyophilized cytosol with mitochondrial
and microsomal liver functions

1998-2007 Immortalized human hepatocyte line

insufficiency
Clinical trials are passed

A bioreactor with human hepatocytes
undergoes clinical trials

Management of animals with ischemic
model of liver failure

Management of liver failure in animals

Physicochemical aspects of bioreactor
operation are studied

Hepatocyte metabolic functions
are studied

Initial clinical trial stages

Under clinical trials
Model experiments and animal tests

Clinical trials are passed
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bioreactor hepatocytes came in contact with plasma
through polysulphone membranes. In addition, primary
porcine hepatocytes in collagen gel were placed in
capillary limens, while blood was perfused through
extraluminal space. In this way an additional substance
flow was arranged and the necessary conditions for
hepatocyte functioning were provided. Since collagen is
polymerizable, there was polymerizing reduction of gel
amount and channelization in lumens of fibers, through
which culture medium was circulating. The bioreactor
was successfully tested on animals, and now clinical trial
results are forthcoming.

H. Iwata et al. also in 1999 [81] developed a similar
system and published their research findings describing
the kinetics of hepatocyte metabolic reactions,
the hepatocytec being cultured on a cartridge with
extraluminal space.

Later in 1999, H. Migashi et al. [82] in their study
used hepatocyte culture fixed on polyvinylformaldehyde
resin matrix. Cubical-shaped material with fixed primary
rat hepatocytes was placed in a special column. The
studies showed rather long-term (up to 12) maintenance
of hepatocyte metabolic functions.

Circe Biomedical Company in Hepat Assist devices
used cryopreserved primary porcine hepatocytes
fixed to collagen-coated dextran particles [75]. There
were reported initial test phase data on these devices
in 2000 (treatment experience of 39 patients with
hepatic insufficiency), but nothing was said about their
success [83].

In 2000 a group of Russian researchers [84] patented
“a bioartificial liver’, a column bioreactor consisting
of a tank filled by particles of a neutral carrier and
hepatocytes. Glass balls 1-3 mm in diameter were used
as carrier’s particles. They create a 3D matrix, in which
multicellular hepatocyte aggregates are formed and
withheld in free spaces between the particles. Biological
fluid is perfused through a column downwards and
directly washes cell aggregates distributed by a carrier
throughout the reactor. At present the reactor undergoes
clinical trials.

A “bioartificial liver” system developed in Chelyabinsk
under the charge of Prof. V.E. Ryabinin, which has
undergone model experiments and animal tests, is of
interest [14]. The principle of operation of the bioreactor
is in the usage of a semi-permeable membrane. The
technique contributes to the contact of patient’s blood
and a contour containing special biological solution
developed by V.E. Ryabinin — lyophilized cyosol with
microsomal and mitochondrial hepatocyte fraction.
It should be emphasized that the systems uses not
hepatocytes but their organelles and significantly differs
from bioreactors with cellular components.

Currently, in clinical practice ELAD (Vital Therapies,
Inc., USA) is used. It has passes clinical trials successfully
and based on immortalized line of human hepatocytes,
which are fixed and grow in extracapillary space of

Evolution of Bioreactors for Extracorporeal Liver Support
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a dialyzer with semi-permeable membrane made of
polysulphone [9]. Patient’s blood enters ELAD from the
jugular vein through a catheter. In the device plasma
is separated and directed in dialyzers containing about
440 g of living cells. The device is developed aiming to
provide continuous liver support for the period of 30 days
in patients with acute or fulminant hepatic failure. The
system serves to provide liver function retention, sustain
patient’s life and protect nervous system against toxins
before transplantation.

Conclusion

Two decades have passes since the first bioreactors
have appeared. Many technologies have been
developed, and cell culture approaches have been
improved over this period of time. There have been
developed systems, which have undergone clinical trials,
and there is a system used in clinical practice. However,
many problems in the sphere of cell technologies
concerning the increase of hepatocyte culture life still
remain unsolved. To increase the period of hepatocyte
function retention numerous researches are being
carried on, they aim at developing bioactive matrixes.
New engineering solutions applicable to cell supply of
oxygen and nutrients are being developed. In the long
term, there is probability that a “bioartificial liver” system
will be used in the management of chronic hepatic
diseases like an artificial kidney apparatus used in renal
disorders.
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hepatocytes for “Artificial liver” bioreactor development”.
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