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Abstract - This paper presents the results of studies on the practical application of a renewable carbonized material based on 
rice husk (CRH), which is the agricultural and food waste. Particular attention is paid to the prospect of using this material to 
create selective and inexpensive systems for adsorption and removal of endotoxins (LPS-lipopolysaccharide) from blood 
plasma. Mainly, the paper focuses on the development of a technique of elimination of endotoxin toxic shock - LPS of 
bacterial origin on the base of determining sorption characteristics of this endotoxin from protein solutions. In the course of 
these studies, the sorption capacity of CRH and selectivity for the elimination of LPS in the presence of various proteins are 
determined, and the effect of column conditions on the efficiency of LPS elimination by CRH are evaluated. 
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I. INTRODUCTION 
 
In recent years, there has been concerned about the 
increase in the incidence rate of the population by 
various pathologies characterized by the development 
of septic conditions associated with endotoxins (LPS) 
of gram-negative bacteria. Physiological effects and 
biochemical mechanisms of the endotoxin action, 
leading, in most cases, to the development of 
septicaemia and, ultimately, to endotoxin shock are 
one of the leading causes of mortality. In the United 
States and in Europe, more than 500,000 patients 
develop sepsis every year, with the number of 
confirmed cases increasing by ~ 1.5% per year, 
despite years of research aimed at finding approaches 
to treatment. Mortality in sepsis (even under 
conditions of complex therapy) varies between 20 
and 40%, and with the development of an infectious-
toxic shock it can reach 40-80%. 
Most known methods are not applicable for the 
elimination of endotoxins from blood and other 
biological fluids of the patient, which means that they 
can not be used to treat septic shock. The main 
obstacles are the complexity of the protein mixtures 
in the organism, the binding of LPS to other 
biological molecules, and finally the extreme 
practical complexity and high cost of using these 
procedures, for example, in blood purification.  
One of the promising research aimed at developing 
techniques for eliminating endotoxins from biological 
fluids is considered approaches based on their 
physical and chemical adsorption using as sorbent 
materials with a nanostructured surface obtained by 
high-temperature carbonization of secondary plant 
material - rice and wheat husks, apricot kernels etc. It 
is known that carbon nanomaterials possess special 
physical and chemical properties, as a result of which 
they are widely used as adsorbents in the processes of 
purification of water and other liquids from harmful 
impurities, the recovery of valuable substances from 
liquid and gaseous media, at various technological 

stages of oil refining, petrochemical, and other 
industries [1-3].  
Similar materials can be used in medicine, both for 
the creation of hemosorption systems capable of 
performing specific purification of blood and other 
physiological fluids from various exo- and 
endotoxins, and for designing high-performance 
sorbitol probiotics on their basis. 
Interest in developing methods for obtaining and 
using available adsorbents on the basis of active coals 
has significantly increased, due to the deleterious 
environmental problems, the solution of which 
required the creation of new technologies for 
detoxifying environmental objects. It is revealed that 
the basis of such technologies can be carbonized 
sorbents (CS), showing the ability to specific sorption 
of various toxicants of organic and inorganic nature 
and therefore promising for use in various 
technologies associated with the need to eliminate 
toxins of different nature from biological media. 
Undoubted advantages are carbonized sorbents based 
on secondary plant material. This is due to the 
following circumstances: firstly, the raw materials for 
their production are cheap agricultural waste, in 
particular, fruit crops and rice husks, which are 
annually renewable raw materials; secondly, the 
production of carbonized sorbents is environmentally 
friendly; Thirdly, since the surface of carbonized 
materials is nanostructured, it is characterized by high 
sorption properties. In this case, the pore sizes formed 
on their surface can be controlled by the temperature 
and carbonization conditions [4-5]. 
It is also important that the CS are de-ashing products 
(ash content ~ 0.2%) and contain little sulfur (less 
than 0.1%), i.e. meet the requirements for 
environmentally friendly products. 
Interest in nanoscale particles increased sharply in the 
mid-nineties of the last century, which gave impetus 
to the emergence of a new interdisciplinary field in 
science and technology - nanotechnology, which 
includes sections of physics, chemistry and biology. 
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At present, one of the most advanced area of 
nanobiotechnology is the creation of nanostructured 
carbon-containing materials for various purposes, i.e. 
the priority fields of research that is rapidly 
developing throughout the world. 
 
II. METHODS 
 
The study of LPS elimination processes under 
conditions of a flow column with CS 
To study the elimination of lipopolysaccharide under 
flow column conditions, a solution of endotoxin at a 
concentration of 1ng / ml was fed from the bottom 
upwards into a column filled with CS. The mass of 
the adsorbent material is 10 g, the column capacity is 
30 cm3, the column length is 60 cm 
(SerologischeRotilabo® Einmalspritzen). Samples 
were taken every 10 minutes and the concentration of 
LPS on microplates (Nunc MultidishesNunclon, 
152640, 48 wells, 1.1 cm² / well, 128x86mm) was 
determined using the QCL-1000 Chromogenic LAL 
Endpoint Assay (Lonza Group Ltd, Switzerland) 
(Fig.1). 

 

 
a   b 

Figure 1: Fragment of the column filled with CS (a) and 
experimental setup (b). 

 
In the wells of the microplate, 50 μl of the sample in 
triplicate and 50 μl LAL reagent was added. After 10 
minutes, 100 μl of a substrate solution pre-heated at 
37 ° C was added. After 15 minutes, 100 μl of the 
stopping agent was treated to stop the reaction. The 
optical density of microplate samples was measured 
on a photometric scanner (Bio-Rad Co., USA) at 405-
410 nm. 
 
III. RESULTS  
 
Experiments with the use of a chromatographic 
column filled with CS make it possible to carry out 
the purification process with the highest efficiency 
and contribute to solving the problem of the practical 
application of a carbonized sorbent. In addition, the 

use of a column with various parameters makes it 
possible to carry out the process of eluting LPS from 
a solution at given flow rates. The adsorption column 
consists of a pump that creates the necessary pressure 
difference, a system of supply and discharge tubes 
and the column itself filled with CS. 
A solution of phosphoric buffer (PBS, pH 7.4) was 
fed into the column after removal of air at a rate of 
1.7 ml / min (100 ml / h) with a peristaltic pump. In 
10 minutes. Endotoxin solution was administered at a 
concentration of 1 ng / ml. 
As shown in Fig. 2, the efficiency of LPS removal is 
97% in 10-20 minutes, then this value reaches 98.2-
99% and remains at this level for 240 minutes. 
This phenomenon can be declared by the fact that 
there are positively charged groups on the surface of 
the carbonized sorbent capable of interacting with 
negatively charged phosphoric acid residues of the 
polar part of endotoxin LPS. It should be emphasized 
that endotoxin aggregates form supermolecular 
ensembles in which phosphoric acid residues have a 
significant negative charge, which plays a big role in 
the interactions between LPS molecules and 
positively charged groups located on different 
surfaces. 

 
Figure 2: Adsorption of LPS on CS under flow column 

conditions 
 

According to the results of the conducted experiments 
on the elimination of LPS in a solution of phosphate 
buffer, the efficiency of sorption of endotoxin is very 
high and the sorption capacity of CS with respect to 
LPS is 98%. 
The obtained data on the high efficiency of LPS 
elimination in conditions of a flow column filled with 
CS can serve as a basis for the development of 
detoxification technology of lipopolysaccharides of 
toxic shock. 
 
DISCUSSION  

 
Septic conditions, provoked by gram-negative 
bacteria, remain one of the most serious problems in 
clinical practice. Despite the progress made in recent 
years in understanding the pathophysiological 
mechanisms of sepsis and how to prevent it, the 
mortality rate associated with septic shock remains 
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depressingly high throughout the world. 
Unfortunately, many of the therapeutic methods 
proposed to date, aimed at counteracting septic shock, 
have not lived up to their expectations. 
Most of the known methods aimed at extracting 
endotoxins from blood and other biological fluids of 
the patient can not be used directly for treatment. 
The main obstacles are the complexity of the 
composition of biological fluids, the binding of LPS 
to proteins and other macromolecules that prevent 
specific binding of endotoxin to any sorbent, and 
finally, the extreme technical complexity and 
costliness of the procedures used to purify blood and 
other biological fluids. In this connection, the 
methods based on the physical-chemical elimination 
of endotoxins that cause toxic shock from biological 
fluids with nanostructured sorbent obtained by high-
temperature carbonization of secondary renewable 
plant material are of great practical interest for 
medicine. 
 
Accessibility, low cost and high environmental 
friendliness of the raw material - rice husks, 
developed technology for its high-temperature 
modification, high elimination capacity for LPS of 
toxic shock, the possibility of using it under flow 
column conditions, and in stationary conditions 
makes the CRH for development a method for 
preventing toxic shock caused by endotoxin LPS. 
 
 
 

CONCLUSION 
 
These methods, in turn, can serve as a basis for 
developing techniques to reduce lethal outcomes with 
such a terrible disease as toxic shock, which requires 
a thorough study of the structural characteristics of 
carbonized sorbents, the development of technologies 
aimed at modifying their surface, optimizing the 
processes of elimination of LPS in different 
conditions environment, in the presence of not only 
proteins, but also other components of the blood, as 
well as the development of conditions and regimes 
for individual operations and the creation of 
equipment for the successful conduct detoxification 
procedures in various conditions. 
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