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The creation of effective drugs for the prevention and treatment of atherosclerosis is one of the
urgent interdisciplinary tasks for modern chemistry and pharmacology. Given the role of
hypercholesterolemia in the development of this disease, it is necessary to remove excess amounts of
cholesterol from the body. As an alternative to means of lowering total cholesterol and low-density
lipoprotein (LDL) cholesterol, the possibility of using carbon enterosorbents for efferent therapy is
considered.

Aim. The purpose of the study was to evaluate the sorption capacity of the adsorbents developed by the
authors in terms of the possibility of cholesterol adsorption.

Methods. Using the spectrophotometric method, the sorption of cholesterol on samples of adsorbents
obtained by chemical activation of waste from the processing of lignocellulosic raw materials — dogwood
and coffee residue has been studied.

Results. A comparison of sorption isotherms with the isotherm obtained on the industrial adsorbent
SORBEX has been performed. It was shown that the adsorption capacity of carbon adsorbents is primarily
determined by their porous structure. The highest sorption values (7.3 mg/g) have been revealed by the
sorption material obtained by chemical activation of cornel seed, an intermediate position (6.3 mg/g) is
occupied by the adsorbent obtained from the coffee residue. Industrial carbon SORBEX has the lowest
sorption values (5.3 mg/g).

Conclusions. Calculations by Langmuir’s and Freundlich’s models testify about the accordance of the
experimental data to Langmuir’s model. The use of the obtained activated carbons may be one of the
effective alternative ways to lower blood cholesterol.

Key words: cholesterol; atherosclerosis; low-density lipoprotein (LDL); enterosorbents;

metabolism.

An increased concentration of cholesterol in
the blood (i.e., hypercholesterolemia) is widely
recognized as a risk factor for coronary artery
disease. Cholesterol-LDL — one of the classes
of lipoproteins, particles circulating in the
blood, transporting cholesterol from the liver
to other organs and tissues, a risk factor for the
development of atherosclerosis and coronary
heart disease — “bad cholesterol”. This fraction
of cholesterol refers to the so-called “bad
cholesterol” because it contains a large amount
of cholesterol. Deposited in the vessels, in the
form of plaques, cholesterol, together with
other metabolites, can lead to the development
of atherosclerosis and the progression of
coronary heart disease. Reducing plasma
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levels of total and low-density lipoprotein
(LDL) cholesterol by diet, drugs or lifestyle
modification is thus of principal importance in
treating and preventing cardiovascular disease.
In humans, blood cholesterol is derived from
two sources. It is either absorbed from food by
the intestine, or it is synthesized from precursor
molecules in the liver [1].

Hepatic cholesterol synthesis can be
pharmacologically regulated with statins
by inhibiting 3-hydroxy-3-methylglutaryl-
CoA reductase, the enzyme responsible
for cholesterol synthesis. Statins are very
potent lipid-lowering agents and they may
significantly reduce significantly reduce
coronary morbidity and mortality [2].
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However many patients do not reach
currently defined treatment goals and there
is considerable interest in finding additional
ways to reduce plasma and LDL cholesterol
levels. This has led to the development of a
new family of drugs that inhibits intestinal
cholesterol absorption [3, 4]. Ezetimibe
is a 2-azetidinone compound that reduces
cholesterol absorption by inhibiting the
protein responsible for cholesterol transport
into enterocytes. As monotherapy, ezetimibe
decreases LDL-C levels by 15-20 percent [2];
in combination with statins it reduces LDL-C
by an additional 20—-25% [3]. Increasing use
of these therapeutic agents has refocussed
interest on enterosorbents that have the
potential to reduce intestinal cholesterol
absorption. For this purpose, sorbents based
on cellulose granules and modified cellulose
[5, 6], alumina obtained by the sol-gel method
[7], polyacrylate [8], a mixture of activated
carbon and microcellulose [9], lignocellulose
based activated carbons [10—-13], are used for
selective adsorption of LDL in order to prevent
atherosclerosis. However, the elaboration
of enterosorbents with high capacity for
cholesterol is still topical. The oral intake of
activated carbon may be helpful in therapy of
atherosclerosis and diseases associated with an
increased level of cholesterol and lipids.

The objective of the study was to evaluate
the sorption capacity of the agricultural waste-
based enterosorbents developed by the authors
in terms of the possibility of cholesterol
elimination.

Materials and Methods

Cholesterol was purchased from Sigma
Chemical Co. (USA). Procaine hydrochloride
solution was purchased from AO “Chemfarm”
(Kazakhstan). Sodium nitrite was purchased
from Co. “Stirol” (Ukraine). Hydrochloric
acid ch. p. was purchased from Co.
“Chemlaborreactive” (Ukraine).

Samples of adsorbents were prepared
by chemical activation of waste from the
processing of lignocellulosic raw materials —
dogwood and coffee residue.

Spectrophotometric measurement of
cholesterol for the purpose of sorption from
alcoholic solution was determined according to
the methodology of guidance [14].

Cholesterol solution was prepared by
dissolving 0.05 g in ethanol and the volume
was made up in 500 mL volumetric flask.
Solutions of further dilute concentrations were
prepared from this working standard solution.

Precisely weight of 0.0818 g of procaine
hydrochloride was dissolved with less amount
of distilled water, then 3 mL of NaNO, 0.1 M
and 3 mL of HC1 1 M were added to the beaker.
The solution was allowed to stand for 5 min
at 5—-10 °C, the solution was transferred into
50 mL volumetric flask and the volume was
made up to mark with distilled water where
temperature at 5—10 °C was kept.

1 mL of cholesterol solution (100 png/mL)
was added into 10 mL volumetric flask. 2 mL
of the diazotized procaine hydrochloride
solution and 2 mL of 2M NaOH were added to
the volumetric flask. The solution was mixed
thoroughly, the volume was made up to mark
with distilled water and the solution allowed
to stand for 5 min. Adsorbance of a colored
product is proposed to measure at 428 nm in
case of cholesterol against reagent blank.

Spectrophotometric measurements
were carried out using the ultraviolet
spectrophotometer Shimadzu UV-2500 with
1.00 cm glass cells.

Results and Discussions

Table 1 includes the characteristics of
agro-based adsorbents, obtained with H;PO,
activation of dogwood stone (DS-AC) and
coffee residue (CR-AC), and, for comparison,
commercial sorbent SORBEX. It is seen that a
rather high content of mesopores is typical for
the considered sorbents.

In [14], the wavelength for measuring
cholesterol was chosen mistakenly (for our
opinion). To determine the optical density of
the colored product, a blurred region of the
spectrum (not having a peak) in the range of
360—430 nm was chosen.

In present work the solution was mixed
thoroughly, the volume was made up to mark
with distilled water and the solution allowed
to stand for 24 hours to acquire permanent
coloration. The wavelength of 318 nm has
been chosen to determine cholesterol in
a colored product. Obtained adsorption
spectra of cholesterol are presented in
Fig. 1. As it seen, the spectra are arranged
in proportion to the concentration of the
prepared solutions, the adsorption maxima
are close, and the spectral shapes are similar.
The adsorption maximum corresponds to the
wavelength 318 nm.

The calibration curve obtained at different
concentrations of cholesterol is presented
in Fig. 2. It may be seen that solutions with
different cholesterol content fit well along this
straight line.
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Table 1. Characteristics of agro-based sorbents, obtained with H;PO, activation of dogwood stone
and coffee residue, and commercial sorbent SORBEX

Characteristics DS-AC CR-AC SORBEX
Granulometric composition, mm 0.5-1.0 0.25-1.0 0.25
Ash content, % 4.6 6 3.7
Yield, % 46 48 -
Bulk density, g/cm? 0.35 0.36 0.40
Sggr specific surface area, m?/g 2169 1480 1228
Spe specific surface area, m?/g 573 431 84
Total pore volum, VE, cm®/g 1.0 0.84 0.58
Mesopore volume, 0.67 0.32 0.12
Vine cm? /g
Average pore radius, A 10.6 9.8 9.5
MB sorption capacity 145 120 72

Note: DS-AC — dogwood stone activated carbon; CR-AC — coffee residue activated carbon; SORBEX —

commercial activated carbon.
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Fig. 1. Adsorption spectra of cholesterol at different concentrations (mg/L)

Photometric methods for determining
cholesterol are based almost exclusively
on the use of chemical reactions. Among
the classical colorimetric methods, the
Lieberman-Burkhard method is of the
greatest importance, which is based on the
measurement of the intensity of the greenish-
blue color, which appears as a result of the
treatment of cholesterol with a mixture of
rather aggressive reagents — sulfuric acid
and acetic anhydride. Toxic reagents such
as acetic acid and chloroform are also used
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as solvents. In addition, the rate of color of
the complex and its stability are strongly
dependent on temperature, which significantly
complicates the determination procedure. That
is why, in this work, the method, described in
[14], was chosen for the spectrophotometric
determination of cholesterol on the obtained
samples.

The corresponding adsorption isotherms
are shown in Fig. 3. The best sorption
ability is possessed by a sample of dogwood
stone activated carbon (the maximum value
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Fig. 2. Calibration curve obtained
at different concentrations of cholesterol
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Fig. 3. Cholesterol sorption isotherms by samples:
1 — SORBEX; 2 — CR-AC; 3 — DS-AC

Table 2. The parameters of the Langmuir and Freundlich isotherms calculated
for isotherms of cholesterol sorption

Langmuir isotherms Freundlich isotherms
Samples 9 2
AOO, Mg/g K;, L/mg r Ky, mg/g n r
DS-AC 7.08 60.67 0.978 38.59 2.23 0.984
CR-AC 7.34 79.30 0.997 35.64 1.96 0.967
SORBEX 8.48 63.22 0.956 37.5 2.08 0.957

reaches 7.5 mg/g). An intermediate position
is occupied by a sample of coffee residue
activated carbon (the maximum value reaches
6.3 mg/g). SORBEX possesses the weakest
adsorbing characteristics (the maximum value
reaches 5.3 mg/g). It may be stated that the
adsorption of cholesterol increases according
to the growth of the specific surface area of
mesopores.

With the help of the obtained isotherms,
the parameters of the adsorption processes
have been analyzed. Isotherms of adsorption
were calculated by Langmuir and Freundlich
equations:

KC,,
—_—, (1)
1+ KC,,
where C,, is equal concentration, mg/l; a, —
value of maximum adsorption, mg/g; K is a
constant;

a=a0

Ap=KyC'", @)

where Ay — adsorption value, mg/g; n —
exponent index.

Table 2 shows the values of the maximum
adsorption, Langmuir and Freundlich constants,
as well as coefficients of correlation.

The characteristics of the correlation
are quite high for all prepared samples that
testified about the accordance of experimental

data to Langmuir’s model. It can be seen
that the value of the maximum adsorption
calculated using this equation also agrees well
with the experimental data. Based on this, it
is possible to make a guess about the potential
mechanism of adsorption of cholesterol:
adsorption is not carried on surfaces of the
adsorbent, but on active centers, which are
characterized by so-called free valency. Every
active center is designed for interaction
only with one molecule of the adsorbate; as a
result, only one layer of adsorbed molecules
may be installed on the surface. The process
of adsorption is reversible and equally
important — the adsorbed molecule is absorbed
by the active center for a while, when it is
desorbed; in this way, over time, a dynamic
equilibrium will arise between the processes of
adsorption and desorption.

Conclusions

A new method of spectrophotometric
measurement of cholesterol in solutions
has been mastered and improved. Using the
spectrophotometric method, the isotherms
of cholesterol adsorption on samples of
adsorbents obtained by chemical activation of
waste from the processing of lignocellulosic
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raw materials — dogwood and coffee
residue have been studied. It was proved
the advantages of chosen methodology of
determining cholesterol.

It was established that cholesterol adsorb-
tion grows proportionally to the mesopore
specific surface area of enterosorbents.

Calculations by Langmuir’s and
Freundlich’s models testify about the
accordance of the experimental data to
Langmuir’s model. The value of the maximum
adsorption, calculated with the help of this
equation, fit well with experimental data.

With great probability it is possible to
survive, that application of the obtained active
carbons may be one of the effective alternative
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ITPO MOKJINBOCTh BUKOPUCTAHHS
BYTJIEIIEBUX EHTEPOCOPBEHTIB
11 HOPMAJII3AIIIL
XOJIECTEPOJIOBOT'O METABOJII3MY
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IacTuryT copbirii Ta mpobsieM eHg0eKOoJIoTil
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CrBopeHHA eeKTUBHUX IpenapaTiB IJis Ipo-
dinakTUKMU Ta JiKyBaHHA aTEPOCKJIEPO3Y € OTHUM
i3 aKTyasbHUX MiKIVUCIUILIIHAPDHUX 3aBAAHb CY-
vacHOI ximii Ta papmakrosorii. 3 oryAany Ha POJIb
rimepxoJsecrepuHeMii y po3BUTKOBI 11iei xBopoOuU
HeoOXiTHO BUBOAUTU HAMJUIIKU XOJIECTEPOJY 3
opra"iamy. fIK aabTepHATHUBY 3ac00aM 3HUKEHHS
3araJIbHOTO XOJIECTEPOJIY Ta XO0JIECTEePOJIY Jimo-
mpoTeiniB Hu3bKol miinbHocTi (JITTHIIL) posris-
IAaeTHhCA MOYKJINBICTH BUKOPUCTAHHS €HTEPOCOP-
O6eHTiB mya edepeHTHOI Teparmii.

Memoro moctimxeHHs OyJI0 OI[IHUTY COPOIiliHY
3IaTHICTH aJcOPOEHTIB, PO3POOJIEHIX aBTOPAMIU, 3
TIOTJIAZY MOYKJIMBOCTI a[cOpOIlii X0JIecTepoTy.

Memodu. 3a 1OTIOMOT0I0 CIIeKTPOGhOTOMETPU Y-
HOTO METOAY JAOCJiIKeHO cOpOITifo X0JIecTepoay
Ha 3pasKax aAcopO0eHTiB, OTPUMAaHUX XiMiuHOIO
aKTUBAIli€I0 BiIXO/IiB IIiJI uac mepepoOIeHHS JIir-
HOIIEJII0JI03HOI CUPOBUHU — KH3UJIOBOI KiCTOUKH
Ta 3aJUIITKIB KaBU.

Pesyavmamu. IIpoBeneHO MOPiBHAHHA i30-
TepM copOIIii 3 i3oTepMOI0, OTPUMAHOIO Ha TIPO-
muciaoBomy azcopbenti SORBEX. Ilokasaso,
110 TMOTJIMHAJbHA 3[aTHICTh BYTJIEIEBUX aJICOP-
0eHTiB BU3HAUYAETHCA HacamIilepel iXHBOIO IIO-
pyBaToio cTpyKTyporo. HaliBunii 3HaueHHA COP-
61ii (7,3 Mr/r) BuABJAe copOLiiHMIT MaTepiaJ,
OoJlep:KaHUMA 3a MOMOMOIOI0 XiMiuHOI akTmBaIii
KicTOYOK KU3UJIy, MPOMisKHe mojokKeHHA (6,3
MTr/T) 3afiMae afcopOeHT, OTPUMAaHUI i3 KaBOBUX
saaumkis. [Ipomucaosuii Byrienb SORBEX mae
HaWHMKYI ToKasHUKY copobIii (5,3 mr/T).

BucHosxku. Po3paxyHKu 3a MOJeJAAMHU
Jlearmopa Ta @peliHAIIXa cBigUYaTh IPO TE, IO
eKCIeprMMeHTaJbHI JaHi HaltbiJIbIl BiAIOBiZa0ThH
mogenai Jleurmopa. BukopucranHs ofep:KaHoro
aKTHBOBAHOI'O BYTiJLIA MOKe OyTH OTHUM i3 edheK-
TUBHUX aJIbTEePHATUBHUX CIIOCO0iB 3HUIKEHHS XO-
JIECTEPOJIY B KPOBi.

Knwuwosi cnoea: X0JecTepoy; aTePOCKJIEPO3;
aimonporeinu Hu3bKol miigabHOCTI (JIITHIIL);
eHTepocopOeHTH; MeTaboIi3M.

0 BOSMOKHOCTH UCITIOJIb30BAHU
YTJIEPOAHBIX OHTEPOCOPBEHTOB
AJId HOPMAJIM3AIIUN
XOJECTEPOJIOBOI'O METABOJIUSMA

H. B.Cviu
JI. . Komunckas
B. M. Bukapuyk
U. A Dapoyn

HMHcTUTyT copbiiuu u mpobJieM dHA09KOJIOTUN
HAH Vxpaunsl, Kues

E-mail: nataliya_sych@ukr.net

Cospanne s()(peKTUBHBIX IPENapaToB AJIs IIPO-
GUIaKTUKY U JIeYeHUs aTePOCKJIepo3a ABJIAEeTCA
OJHOM M3 aKTYaJbHBIX MEKIUCIUILINHAPHBIX 3a-
Jlady COBpeMeHHOU xuMum u (papMaKoJIOTuu. ¥ Uu-
TBIBasAg POJIb TUIIEPXOJIECTEPUHEMUN B PA3BUTUU
5TOM 00JIe3HM, HeO0OXOANMO BBIBOLUTH U3JIUIIKU
XoJiecTepoJsia 13 opraHu3ma. B KauecTBe ajabTep-
HATUBBI CPECTBAM CHUKEHUA 00IIeTr0 X0JIeCTePO-
Jia ¥ X0JIeCTepoJia JIUIONPOTEUI0B HUBKOM IIJIOT-
voctu (JITTHIT) paccmaTpuBaeTca BO3MOYKHOCTh
MCTIOJIb30BAHUS 9HTEPOCOPOEHTOB A a(pdepeHT-
HOMU Tepalnu.

IJenv. OnieHKa COPOIMOHHON CIIOCOOHOCTH al-
cOopOeHTOB, pa3paboTaHHBIX aBTOPAMU, C TOUKU
3peHUI BOBMOYKHOCTH aICOPOIINY X0JIecTepoJia.

Memoo0bt. C moMoIbio cieKTpodoToMeTpuye-
CKOTO MeTO/Ia CCJIeJOBAaHbI COPOIUA X0JIecTepoIa
Ha o0pasiiax agcopbeHTOB, IOJYUeHHBIX XUMUUe-
CKOII aKTHBaI[ell 0OTXO0/I0B IIPH IepepaboTKe JINUT-
HOIIEJLITI0JIO3HOTO ChIPbA — KM3UJIOBOI KOCTOUKU U
0CTaTKOB Kode.

Pesyavmameot. IIpoBeieHO cpaBHeHUE N30TEPM
COpOIINH C M30TEPMOii, MOJYUEHHON HA IIPOMBIIII-
aeuaroM agcopbertTe SORBEX. ITokasano, uTo 110-
TJIOIIAIOIIAS CIIOCOOHOCTD YIJIEPOAHBIX afcOPOEHTOB
ompeJesisieTcs, IPesKIe BCero, uX MOPUCTOI CTPYK-
Typoii. Beicokue sHaueHus copbruu (7,3 Mr/T) 00-
HapysKUBaeT COPOITMOHHBIN MaTepuaJl, OJTyIeHHbBIH
C IIOMOIIIBI0 XMMIYECKOHM aKTUBAIIUY KOCTOUEK KU-
3UJIa, IIPOMEKYTOUHOe moJioKeHue (6,3 Mr/T) 3aHU-
MaeT afcopOeHT 13 KopelHbIX 0CTATKOB. IIpOMBIIII-
nenubt yraepon SORBEX mmeer caMble HU3KUE
mokasareau coporuu (5,3 Mr/r).

Bbigodvi. Pacuersl o mogesnam JleHrmiopa u
DpeRHAINXA CBUAETEIBCTBYIOT O TOM, UTO SKCIIe-
PUMeHTaJbHbIE TaHHbIe Han00Jee COOTBETCTBYIOT
mogenu Jlearmiopa. Mcmoab3oBaHue mMOJTydYeHHO-
0 aKTUBUPOBAHHOTO YTJIA MOYKET ObITH OTHUM U3
3(hHEeKTUBHBIX aTbTEPHATUBHBIX CIIOCOO0B CHIKE-
HUA X0JIeCTEPOJIa B KPOBMU.

Knrouesvle cnosa: X0JIeCTePOJI; aTepPOCKJIEepPO3;

aumnornporennabl Hu3Kou mnaorHoctu (JITTHII);
9HTEPOCOPOEHTHI; MeTa00JI3M.
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