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The technology of obtaining was designed and comparative tests of the medical enterosorbents, acti-
vated coal (AU-K) and lignin enterosorbents (LE) were carried out. AU-K possesses by mainly developed 
micro- and media-porous structure, lignin enterosorbent – by macro-porous structure. However, signifi-
cant set of the oxygen-containing functional groups on LE surfaces conditions its high activity at the treat-
ment of the lacto-dependent diarrhoea. 

 

INTRODUCTION 

The unfavourable ecological situation in 
some regions of the Central Asia leads to sig-
nificant deterioration of the environment, 
quality of drinking water and food. It causes 
the growth of the number of patients with a 
sharp and chronic poisoning accompanied by 
diarrhoea. One of the perspective methods of 
the treatment of the given pathology is entero-
sorption [1–3]. 

The sorbents developed by us – activated 
coal AU-K (on the basis of fruit shells) and a 
natural enterosorbent obtained from hydrolytic 
cotton lignin [4, 5] were approved as medical 
enterosorbents. 

EXPERIMENTAL 

Carbonization (thermal decomposition, pyro-
lysis) and activation- the main technological 
stages of obtaining activated coal AU-K – were 
carried out in a revolving stove with external gas 
heating. Carbonization was carried out at the 
temperature (Tcarb) = 600–800oС and the activa-
tion - at the temperature (Tact) = 800–9000С, wa-
ter steam was used as an activating agent 
(H2O:carbonizat = 5:1). The technical coal ob-
tained herewith was subjected to the acid demin-
eralization by 10% solutions of hydrochloric or 
nitric acids and the further neutralization to pH 6-
8 with the aim to reduce the sorbent ash content 
and achieve the cleanness criteria claimed to 
medical sorbent [6]. 

The technology of lignin enterosorbent ob-
taining includes alkaline processing of the source 
hydrolytic lignin from cotton seeds husk at the 
temperature of 60–700

С followed by cleaning 
from alkali and dissolved compounds by water, 
neutralization of the remaining alkali by acid and 
cleaning lignin  from the acid and salts. 

The determination of the maximum adsorption 
value and of the parameters of enterosorbent mi-
cro-porous structure were carried out on basis of 
benzene and water steam standard vapors adsorp-
tion isotherms received at 200

С on adsorptive high-
vacuum apparatus by weighting method. 

The absorbabilities of the sorbents were de-
fined by blue methylene indicator by spectropho-
tometrical method on a spectrophotometer PYE 
UNICAM SP-8-500 by the wavelength of 
400 nm. 

The raster electronic-microscopic (REM) re-
searches on an electronic microscope REM-200 
(scanning) were carried out to get an obvious pic-
ture of the activated coal AU-K surfaces [7].  

The study of the specific antidiarrhoea activ-
ity of enterosorbents was conducted on rat-males 
of mass 180–220 g divided into 3 groups with 6 
animals in each. Diarrhoea have been caused by 
inclusion the lactose in amount 40% on Mc 
Ckung H.J. in ration of the nutrition. Enterosor-
bent in the form of water suspension is entered to 
the rats inside by means of probe once at day. The 
antidiarrhoea activities of the enterosorbents were 
judged by the decrease of the mass and amount of 
the moisture of the animal faeces. 
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RESULTS AND DISCUSSION 

In order to choose the optimum samples of 
the activated coal AU-K, suitable for medical 
purposes, the sorbents with different activation 
degrees were explored. Herewith, the sample with 
degree of the activations 70% was found as the 
most optimum. The comparative features of the 
AU-K and LE enterosorbents are presented in 
Table 1. 
 
Table 1. Physical-chemical features of enterosorbents 
 

Adsorptive 
ability, mg/g 

Sorbent Exterior 

Total 
volume 
of the 
porus, 
cm3/g 

Specific 
surface, 

m2/g by me-
thylene 

blue 

by me-
thylene 
orange 

actuated 
coal  

granules of 
the wrong 
form of the 
black colour 

1.2 1250 220.25 177.42 

lignin 
entero-
sorbents 

amorphous 
powder of 
the brown 

colour 

0.8 62 85.09 3.01 

 
The absorbability of the sorbents is condi-

tioned in a considerable extent by the characteris-
tics of their surfaces. Data of IR spectroscopic 
analysis has shown that in sample LE the set of 
the bands of the absorption exists in interval 
3800–500 cm-1. 

The most expressing bands in the field of 
1700–1600 sm-1, typical of the vibrations (C=O), 
point out the presence of the carbonyl  groups in 
composition of the aldehydes and acids, in inter-
val 1420–1350 cm-1 the expressed bands charac-
terizing for carboxyl also exist. Bands of the ab-
sorption in the field of 3500–3300 cm-1 refer to 
valent vibrations of (O–H) in alcohols, phenols, 
carbon acids and adsorbed water molecules. The 
presence of quite a considerable number of oxy-
gen-containing and hydrogen functional groups in 
LE sorbent is conditioned the sorption of different 
toxic metabolities by this enterosorbent.  

Under IR spectroscopic study of AU-K ex-
pressed bands of the absorption were not discov-
ered that indicate the absence or quite small 
quantity of functional groups, however, in this 
case high adsorptive ability of the preparation is 
conditioned by developed porous structure of the 
sorbent. 

The microphotographies of the surfaces AU-
K and AU-L sorbets were received by raster elec-
tronic microscopy (Fig.1, 2).  

 

 
a  

 
b 

Fig. 1. The pictures of actuated coal from raster elec-
tronic microscope in scale 1:200 (a), 1:250 (b) 

 
The results of the studies of specific antidiar-

rhoea activity of the enterosorbents showed that 
under action of the LE sorbent depending on dose 
(50 mg/g and 100 mg/g) the discharge of the fecal 
masses, which have formed 55% and 33% to con-
trol, respectively, decreases. In that time, under 
500 mg/g receiving AU-K the amount of the fecal 
masses was 62% (Table 2). Consequently, the 
anti-diarrheal effect of the LE is 3 times more 
than AU-K. 
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Table 2. Enterosorbents influence on rats stool indicators under a diarrhea 

 
The researched indicator Experimental conditions 

lump of excrements the dry residue, mg the moisture, mg 
intact 850+22.0 400+34.9 450+6.4 

53.0+ .8 
the control (diarrhoea) 2300.6+28.0 650.3+32.5 1650.3+20.5 

71.8+5.0 
after taking the lignin en-
terosorbent 50 mg/g   

 
1268.0+35.7 

 
900+210.0 

368.0+21.0 
29.0+2.3 

after taking the lignin en-
terosorbent 100 mg/g   

 
760.0+47.0 

 
445.6+204 

157.9+20.5 
20.6+4.1 

after taking the entero–
sorbent AU-K 500 mg/g 

 
1445.8+140.0 

 
502.7+47.0 

943.0+74.0 
65.2+4.7 

 
 

 
a 

b 
Fig. 2. The pictures of lignin enterosorbent from 

raster electronic microscope in scale 1:200 (a), 
1:250 (b) 

The results of the studies are the basis for us-
ing the tested enterosorbents in the case of poi-
soning by lactose- dependent intestine infection. 

CONCLUSIONS 

Activated coal AU-K is a sorbent with a de-
veloped micro- and media-porous structure, en-
terosorbent LE is a natural nonselective macro-
porous sorbent with a set of oxygen-containing 
functional groups. 

Pharmacological studies of the enterosorbent 
showed that their using removes the syndrome 
of "watery diarrhea" on models of the diet with 
lactose content, moreover antidiarrheal effect of 
the lignin enterosorbent is 3 times more than that 
of coal.  
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Розроблено технологію одержання та проведено порівняльні випробування медичних ентеросорбентів – 
активованого вугілля (АУ-К) і лігнінового ентеросорбента (ЛЕ).  АУ-К має переважно розвинену мікро- та 
мезопористу структуру, ЛЕ – макропористу структуру. Проте значна кількість кисеньвмісних функціона-
льних груп на поверхні ЛЕ обумовлює його високу активність при лікуванні лактозалежної діареї. 
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Разработана технология получения и проведены сравнительные испытания медицинских энтеросор-
бентов – активированного угля (АУ-К) и лигнинового энтеросорбента (ЛЭ). АУ-К обладает преимущест-
венно развитой микро- и мезопористой структурой, ЛЭ - макропористой структурой. Однако значитель-
ный набор кислородсодержащих функциональных групп на поверхности ЛЭ обусловливает его высокую ак-
тивность при лечении лактозависимой диареи. 


