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ABSTRACT

This article introduces a project to be developed to manufacture an artificial liver and the name of the project is “Design of Bio-artificial Liver Organ”. The
main goal of the project is to make a liver by making use of bionic materials, electronic systems and mechanical systems, and incorporating mechatronics
knowledge. To improve the quality of life of liver patients and restore their health will be the ultimate target. In addition, the scientific and technical studies to
be carried out on this subject will contribute to the enrichment of the literature on the subject and will also be beneficial for scientific and technical progress.
In our country, there are 14 million people with fatty liver problems and 2 million with hepatitis and liver cancer. Therefore, such a large population related
to the liver experiences serious health problems such as liver failure. Undoubtedly, the liver is of vital importance like other organs, but the difference of the
liver from other organs is that it performs many comprehensive functions such as storage, regulation, synthesis and destruction.

These features make the liver incredible and unattainable. We are a little far away from making an exact liver with the knowledge we currently have and
the materials we can use. By the help of a bio-artificial liver organ, it is aimed to establish systems that can perform several functions of this distinguished
organ that has more than one function [1-31].

The operation principle of the system of Bio-artificial Liver Organ shall be as follows: The albumin level in the blood connected to the dialysis machine
is checked. The filtration process consists of a complex carbonaceous circuit. The dialysis machine vacuums the blood and draws it to the cleaning filter.
Albumin separated from the patient’s blood is passed through two special adsorbents and toxins bound to albumin are removed. Toxins formed by water-
soluble molecules with low and medium molecular weights are removed from the patient’s blood by hemodialysis performed in the dialysis circuit. The
blood separated from the filtered albumin is adjusted by a pressure adjustment device and enters the patient’s body in a clean state. Albumin contains toxic
substances that are harmful to the body [1-31].

knowledge. To improve the quality of life of liver patients and
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Introduction

This article introduces a project to be developed to manufacture
an artificial liver and the name of the project is “Design of Bio-
artificial Liver Organ”. The main goal of the project is to make
a liver by making use of bionic materials, electronic systems
and mechanical systems, and incorporating mechatronics

will contribute to the enrichment of the literature on the subject
and will also be beneficial for scientific and technical progress. In
our country, there are 14 million people with fatty liver problems
and 2 million with hepatitis and liver cancer. Therefore, such a
large population related to the liver experiences serious health
problems such as liver failure. Undoubtedly, the liver is of vital
importance like other organs, but the difference of the liver from
other organs is that it performs many comprehensive functions
such as storage, regulation, synthesis and destruction. These
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features make the liver incredible and unattainable. We are a
little far away from making an exact liver with the knowledge
we currently have and the materials we can use. By the help of a
bio-artificial liver organ, it is aimed to establish systems that can
perform several functions of this distinguished organ that has
more than one function [1-31].

In this targeted study, the subject of bionic artificial liver will
be discussed. Efforts will be made to design a system that
can perform some of the functions of the liver organ. Many
patients die while waiting for a liver transplant, mainly due
to the shortage of organ donors. Conventional hemodialysis
techniques have little or no effect on liver detoxification, and do
not cure patients. In patients with acute liver failure, most of the
toxins that cause organ failure and accumulate in the blood to be
excreted are bound to albumin. Therefore, it is very important to
be able to perform albumin dialysis. Undoubtedly, presenting the
liver organ with all its functions is our most important priority.
To achieve this, it is necessary to blend electrical, electronics,
mechanical, mechatronics, biology and medical sciences with
an interdisciplinary understanding. The primary focus will be
on the detoxification function of this organ, which has many
functions. After the detoxification function is achieved, it would
be appropriate to establish systems for other functions of the
liver and eventually aim to create a truly artificial liver. The
most widely developed detoxification system to date has been
the Molecular Adsorbent Recirculation System (MARS). The
MARS improves the patient’s clinical condition by providing
simultaneous liver and kidney detoxification. It is a system
that, when functioning properly, can allow recovery from acute
disorders and increase the chances of survival while waiting for
a suitable organ donor [1-31].

The artificial liver organ targeted with this study will be a first
in the world in this respect. If an artificial liver that can perform
all functions can be produced, there will be little or no need
for liver transplantation. The cost per patient of artificial liver
organ support systems currently used in the world is extremely
high. Finding organs is extremely difficult, besides liver patients
wait long periods for organ transplantation and may completely
lose their health during this time. The artificial liver organ to be
developed by this study will improve the quality of life of many
patients in our country and around the world, and the developed
system will also be aimed to be economical. In addition, the
artificial liver organ system to be developed thanks to the project
will be local and national. In this respect, it will also provide
economic benefit to our country. In summary, this project work
is extremely important both in terms of human health, scientific
and technical aspects, and the country’s economy. In addition,
it is of great importance for our university (Igdir University,
Turkey) to consider health, science and technology together and
carry out such a project study [1-31].

Method, Findings and Discussion
The operation system of Molecular Adsorbent Recirculation
System (MARS)is shown Figure 1 [1-31].
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Figure 1: Molecular Adsorbent Recirculation System (MARS)
[1-31].

The liver, which cannot perform blood purification, is contacted
externally with the help of a sterile hose, and the dirty blood
accumulated here is vacuumed into the MARS system. The blood
connected to the system is cleaned through filtration processes.
Here it is a liver support system that uses an albumin-enriched
dialysate to facilitate the removal of albumin-bound toxins. The
system has three different fluid compartments; A “blood circuit”,
an “albumin circuit” including a charcoal column containing 600
ml of 20% human albumin and an anion exchange resin column,
and a “dialysate circuit”. A regular dialysis machine circuit can
be used to control the blood and dialysate circuits [1-31].

Molecular Adsorbent Recirculation System (MARS) is the best-
known extracorporeal liver dialysis system and consists of two
separate dialysis circuits [1-31].

The first circuit consists of the following; human serum albumin
is in contact with the patient’s blood through a semi-permeable
membrane and there are two filters to clear the albumin after
absorbing toxins from the patient’s blood [1-31].

The second circuit consists of a hemodialysis machine and
is used to clear the albumin in the first circuit before it is
recirculated through the semipermeable membrane in contact
with the patient’s blood. The aim of these procedures is to
ensure that the detoxification feature of the liver is maintained.
In liver failure, bile acids, bilirubin, aromatic amino acids,
metabolic wastes, fatty acids, mercaptans and various cytokines
accumulate in the blood disrupt brain, kidney and macrophage
functions. Historically, hemodialysis, plasmapheresis, and
hemadsorption containing activated carbon were used to remove
these substances from the blood [1-31].

Conclusion

The operation principle of the system of Bio-artificial Liver Organ
shall be as follows: The albumin level in the blood connected to
the dialysis machine is checked. The filtration process consists of
a complex carbonaceous circuit. The dialysis machine vacuums
the blood and draws it to the cleaning filter. Albumin separated
from the patient’s blood is passed through two special adsorbents
and toxins bound to albumin are removed. Toxins formed by
water-soluble molecules with low and medium molecular
weights are removed from the patient’s blood by hemodialysis
performed in the dialysis circuit. The blood separated from the
filtered albumin is adjusted by a pressure adjustment device and
enters the patient’s body in a clean state. Albumin contains toxic
substances that are harmful to the body [1-31].
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