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SUGARCANE BIOMASS AS A POTENTIAL CARRIER
FOR DRUG DELIVERY SYSTEM

Non-steroidal anti-inflammatory drugs are well-known medications for reducing pain and a group of drugs that can
cause mucosal damage of the stomach. The negative effects on the digestive system can be reduced by immobilization
of drugs on various carriers, for instance, on the components of plant biomass, for the creation of drug delivery
system. Plant biomass is a lignocellulosic complex consisting of lignin, cellulose and hemicellulose that can
potentially be regarded as a carrier of pharmaceuticals. Sugarcane residues such as bagasse and straw are biomass
by-products of the sugarcane industry. One of the prospective ways for their efficient utilization can include chemical
processing with the aim of obtaining effective biosorbents or so-called carriers of different composition and structure.
The aim of the work was to study the structural, morphological, and sorption properties of cellulose, lignin, and
lignocellulose, derived from sugarcane biomass (bagasse and straw) by means of delignification and hydrolysis, as
potential components for drug delivery system. Sugarcane straw samples show higher densities in comparison with
bagasse samples. Both lignin samples from bagasse and straw have greater bulk and true density if compared to other
materials from sugarcane biomass of cellulosic and lignocellulosic nature. The increase in adsorption pore volume
in lignins is observed, being indicative of better sorption ability. Both samples of cellulose and lignocellulose from
straw have greater pore structure if compared to the initial material. The values of sodium diclofenac sorption
efficiency correlate with the values of pore volume for corresponding materials. Lignin from sugarcane straw, which
shows greater porosity, has greater sorption properties. SEM images show that the initial materials and treated
materials have complex morphology. FTIR spectra show a clear difference in the structure of lignocellulose, cellulose,
and lignin from sugarcane bagasse and straw. The potential application of biopolymers from bagasse and straw as
organic carriers of sodium diclofenac was studied. With this purpose, plant polymers were impregnated with an
alcoholic solution of sodium diclofenac and the desorption process was investigated. The lignin sample from
sugarcane straw has a longer period of drug release, which indicates the obtained effect of prolongation.
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Problem statement. Non-steroidal anti-inflammatory drugs (NSAID) are a special group of medications that
relieve or reduce pain. NSAID are widely used for inflammation in chronic conditions but at the same time they can
cause mucosal damage of the stomach [1]. This problem can be solved through immobilization of NSAID on various
carriers for more safe and efficient drug delivery [2]. Natural biodegradable polymers obtained from different sources
like proteins, carbohydrates and chemically modified carbohydrates can be used among others for this purpose [3].

Literature review. Biomass is the complex system of polysaccharides and biopolymers of aromatic nature [4].
Cellulose is a linear homopolymer consisting of D-glucose units linked with p(1—4) bonds. It is the main constituent
of plant fibers and one of the most abundant polymers in nature. Unlike cellulose, lignin is a heteropolymer of aromatic
nature of quite complex structure and one of the most abundant natural polymers of aromatic origin on Earth. Due to
its aromatic structure, lignin can be considered as a potential source of valuable goods, chemicals, fuels, etc. It can be
separated from cellulose by different pulping processes or by acidic hydrolysis. Due to the presence of various
functional groups in cellulose and lignin, these biopolymers have a high sorption ability [5]. Lignocellulosic
biocomplexe consisting of lignin, cellulose and hemicellulose in various proportions can potentially be regarded as
an effective organic carrier of pharmaceuticals in the drug delivery systems [6].
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Biomass residues of agriculture and food industry are a great source of lignin and cellulose with unique chemical
and physical properties [7]. Sugarcane is an important crop in tropical and subtropical countries, and bagasse and
straw are huge by-products of the sugarcane industry. Different methods for their utilization have been proposed, for
example, bioconversion into fuels [8] or pulp production for the purpose of the paper industry [9]. Another way of
prospective processing of sugarcane biomass is their deep chemical treatment and modification with the aim of
obtaining effective biosorbents of different composition and structure for the application in ecology and medicine.

Aim. The aim of the work was to study the structural, morphological and sorption properties of cellulose, lignin,
and lignocellulose, derived from sugarcane biomass (bagasse and straw) by means of delignification and hydrolysis,
as potential components for drug delivery system.

Materials and methods. The sugarcane biomass (bagasse and straw i.e. tips and leaves), was obtained from
Center Sugarcane Experimentation (Brazil). The biomass was ground, sieved and fraction from 0.5 to 1 mm was used
in experiments.

Chemical composition of the sugarcane bagasse and straw was determined with the application of chlorite
method, the Kurschner-Hoffer method, and TAPPI standards (T 222 cm-02, T 207 cm-99, T 212 cm-02, T 204 cm-
97 and T 211 om-02) [10].

In order to isolate lignin, cellulose and lignocelluloses, sulphuric acid hydrolysis [11], hydrogen peroxide
delignification in acetic acid and acetic acid hydrolysis, respectively, were used [10].

The textural characterization of the materials was carried out using the adsorption of benzene vapor in the
desiccators [12].

The bulk density of the biomaterials was studied using a glass cup with an internal volume (Vy) of 100 cm?. The
cup was filled with biomaterials and weighed and the mass of the sample (m,) was determined by subtraction of the
mass of the empty cup. The bulk density (py, g/cm?) of materials was determined as:

Pr=ms/Vp (1

The true density (p;, g/cm?®) was determined with the application of water displacement. Water was added to a
glass cup filled with biomaterial to fill the empty space between the particles. True volume V; was determined by
subtraction of the volume of water and the true density was calculated as:

pt:ms/ Vi (@)

Changes in structure of biomass after treatment were investigated. A Cressington 208HR high-resolution sputter
coater was used to coat the samples with gold. The thickness was controlled to be 2-3 nm. Then, a Field Emission
SEM (Hitachi S-4800) was used to observe the morphological structures of the samples.

Fourier transform infrared (FTIR) spectra were obtained using a Perkin-Elmer Spectrum 2000 FTIR spectrometer
(Waltham, MA, USA) equipped with an ATR system, Spectac MKII Golden Gate (Creecstone Ridge, GA, USA).
The samples were analysed at wavelengths ranging from 600 to 4000 cm™'. All spectra were obtained from dry samples
which were subjected to 16 scans at a resolution of 4 cm™ and an interval was 1 cm™. FTIR were recorded at room
temperature. Before data recording, background scanning was done for background correction.

The sorption ability of modified sugarcane biomass towards sodium diclofenac was investigated in batch
experiments. For this purpose, a model solution with sodium diclofenac concentration of 32 mg/l was used. The
solution was prepared on a phosphate buffer at pH 6.0. The mass of sorbent was 0.2 g, the volume of the solution was
50 ml. Experiments were carried out during 24 h at 25 °C. Initial and equilibrium concentrations of sodium diclofenac
of were determined by spectrophotometric method at A =275 nm.

The possibility of application of biopolymers such as lignin cellulose and lignocellulose as carriers of sodium
diclofenac was studied. With this purpose, plant polymers were impregnated with an alcoholic solution of sodium
diclofenac with the concentration of drug 32 mg/l. Impregnation of the samples was performed at periodic manual
stirring at the temperature of 80 °C until complete evaporation of the solvent. The obtained composite materials were
compressed into tablets. Desorption process was studied using a phosphate buffer solution with pH 6.8 at 37 °C.

Results and discussion. The chemical composition of both sugarcane biomass is shown in Table 1. As can be
seen, the contents of cellulose and hemicelluloses in sugarcane straw are lower than in bagasse. The sugarcane bagasse
is characterized by the presence of a low portion of extractives (resins, wax and fats). Analysis of straw composition
showed that it contains higher content of extractives soluble in hot water and in 1 % NaOH if compared to bagasse.
As can be seen, the lignin content is greater in sugarcane bagasse. The chemical composition of sugarcane bagasse
agrees with data reported by other authors [13].

51 w—



Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy. 2021. Ne4 (20)

Table 1 — Chemical composition of sugarcane bagasse and straw

Component Content, %

Bagasse Straw
Hollocellulose 75.9 67.8
Cellulose 42.1 37.2
Lignin 21.4 19.6
Ash 2.3 7.8
Ethanol-benzene extractives 0.8 43
Hot water solubility 8.2 17.5
1 % NaOH solubility 28.4 38.7

In order to isolate lignin, cellulose and lignocelluloses, sulphuric acid hydrolysis, hydrogen peroxide
delignification in acetic acid and acetic acid hydrolysis, respectively, were used. The content of the main components
such as cellulose and lignin in materials obtained is shown in Table 2. The density of the initial biomasses and
biopolymers as well as specific surface area and adsorption pore volume are also given in Table 2. At moisture content
8%, all samples differed from each other in values of bulk and true densities. Initial straw shows higher density in
comparison with bagasse. Both lignin samples have greater bulk and true density in comparison with other materials.
The increase in specific surface area and adsorption pore volume for lignin samples was also observed. Cellulose and
lignocellulose from sugarcane straw have greater pore structure when compared to initial biomass. All samples from
straw are characterized by greater ash content in comparison with samples from bagasse.

Table 2 — Structural characterization of sugarcane bagasse-derived materials

Materials Parameters
Lignin/cellulose Bulk True Specific Adsorption pore | Ash, %
content, % density, density, surface area, volume, cm?/g
g/cm’ g/cm’ m*/g
Sugarcane bagasse
Initial biomass 21.4/42.1 0.049 0.096 1.35 0.08 2.3
Lignin 90.5/3 0.121 0.412 2.98 0.19 6.5
Cellulose 3.03/67.3 0.048 0.069 1.25 0.15 2.5
Lignocellulose 29/34.3 0.116 0.383 1.23 0.11 1.27
Sugarcane straw

Initial biomass 19.6/37.2 0.087 0.119 1.93 0.05 7.8
Lignin 81.8/1 0.141 0.159 6.68 0.24 17.2
Cellulose 8.6/57.5 0.038 0.138 5.37 0.13 9.7
Lignocellulose 27.7/30.3 0.124 0.487 2.68 0.18 6.06

SEM images (Fig. 1) show that original biomass and treated biomaterials have complex morphologies. The
surface of lignocellulosic materials after acetic acid treatment of sugarcane biomass has lower content of small
impurities and the surface is more heterogeneous (Fig. 1A2 and 1B2) After the treatment with the mixture of hydrogen
peroxide and acetic acid, the surface morphology of both cellulosic materials changed significantly (Fig. 1A3 and
1B3) due to delignification. Lignin samples characterized by the presence of condensed lignin particles of various
sizes (Fig. 1A4 and 1B4).

FTIR spectra for initial biomass and for treated biomaterials based on sugarcane bagasse and straw are shown in
Fig. 2.

The stretching vibrations of hydrogen bonds in -OH groups in the region of 3000-3700 cm ™! were identified in all
the spectra but less pronounced in lignin. C-H stretching vibration at 2924 cm™' due to hydrogen bonding and the water
absorption at 1641 cm™! were also identified in all the spectra [14]. At the same time peak at 2924 cm! can be assigned
to C-H stretching in -CHj3 groups and peak at 2851 c¢cm! to C-H stretching in -CHy- groups of lignin and esterified
polysaccharide [15]. The peak at 1034 cm™! can be attributed at the same time to C-O, C-C stretching and C-OH bending
in polysaccharides. Bands in the range of 1463-1430 cm™ can be assigned to asymmetric C-H deformation of -CHs and
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-CH»- groups of aliphatic nature. The presence of lignin in biomass and in treated materials can be confirmed by the
band at 1510-1513 cm! and at 900-700 cm™! which assigned to the stretching of lignin rings [14].

Fig. 1 — SEM images for (A) bagasse and (B) straw: (1) initial biomass, (2) lignocellulose after acetic acid
treatment, (3) cellulose after delignification with the mixture of hydrogen peroxide and acetic acid, (4) lignin

after acid hydrolysis
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Fig. 2 — FTIR spectra for (A) bagasse and (B) straw: (1) initial biomass, (2) lignocellulose after acetic acid
treatment, (3) cellulose after delignification with the mixture of hydrogen peroxide and acetic acid, (4) lignin
after acid hydrolysis

The main structural difference between the biomass and the treated materials was that the band in the ranges
1510-1513 cm™! and 900-700 cm™' was not observed in the cellulosic samples confirming the efficient delignification,
and the lignin samples showed intense absorbance in that regions.

The results of the investigation of sorption ability of initial biomass and obtained biopolymers are shown in Table
3. According to the results, the values of the efficiency of sodium diclofenac sorption are correlated with the values
of the specific surface area and pore volume. The greater sorption ability corresponds to lignin from sugarcane straw,
which shows greater structural porosity.

The possibility of application of biopolymers such as lignin cellulose and lignocellulose as carriers of sodium
diclofenac was studied. The kinetics of the release of the medication from the obtained composites indicate the direct
dependence of the efficiency of the sodium diclofenac desorption on the porosity of the organic carriers (Fig. 3).
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Lignin sample from sugarcane straw shows longer period of drug release indicating the achievement of the
prolongation effect.

Table 3 — Sorption properties of biopolymers from sugarcane residue

Indicator Materials from bagasse Materials from straw
Lignin Cellulose Lignocellulose | Lignin | Cellulose | Lignocellulose
Efficiency of sodium | = 36 5 15.6 2.13 858 | 215 444
diclofenac sorption, %
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Fig. 3 — Sodium diclofenac efficiency desorption from the volume of lignin (1), cellulose (2) and
lignocellulose (3) from sugarcane bagasse and lignin (4), cellulose (5) and lignocellulose (6)
from sugarcane straw

The obtained data give ground to assert that sugarcane lignin can be effectively used in drug delivery systems
due to longer period of NSAID desorption.

Conclusions. This work suggests that efficient carriers for drug delivery systems can be prepared from sugarcane
biomass. The treatment of bagasse and straw with acetic acid, mixture of hydrogen peroxide and acetic acid, acid
hydrolysis gave materials with different structural features and sorption ability correlated with the porosity of the
materials. The greater sorption ability towards sodium diclofenac corresponds to lignin sample from sugarcane straw,
which also shows greater structural porosity. Greater adsorption pore volume can also be the main reason for longer
period of drug release from lignin-carrier based on sugarcane straw indicating the achievement of the prolongation
effect. These results may serve as a basis for the development of efficient methods for the utilization of sugarcane
residues in the pharmaceutical industry.

Prospects for further research. Further study of the structure of materials from sugarcane biomass to determine
the content of various functional groups and determine the possibility of chemical modification of biosorbents for
preparation of highly effective carriers for drug delivery system is quite promising.
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Bima I'anuw, Onena Cesacmoanosa, Yadong Zhao
JITHOLIEJIIOJIO3HA BIOMACA SIK HOTEHIIMHWMA HOCIM JI)Is1 CACTEMU JOCTABKH JIIKIB

Ax 8i00M0, Hecmepoioni npomu3anaivbii 3acoou — ye HiKu 015 3MeHueHHs 6010 ma epyna npenapamie, siKi Moicymbu
BUKIUKAMU YPAHCEHHS CIU3080i 000N0HKU wiAyHKA. Heeamusnuii 6niue Ha cucmemy mpasneHHs MOXCHA 3MeHWUmu
WAAXOM IMMOOINI3aYil TiKI8 HA PI3HUX HOCIAX, HANPUKIAO HA KOMNOHEHMAX POCIUHHOL Oiomacu, 015 CMEOopeHHs.
cucmemu docmaexu nixie. Pociunna 6iomaca — nienoyentono3nuil KOMNIeKe, wo CKiIadaemuvcs 3 JieHiHy, Yeaonosu
ma 2emiyenionos, NOMeHyiuHo modce OYmu SUKOPUCMAHULL AK HOCI papmayesmuyno2o npenapamy. 3aTumKu
YYKpOBOI mpocmuny, maxi ax bazaca i conoma, € NoGIMHUMU NPOOYKMamu nepepodxu yykposoi mpocmunu. OoHum
i3 NepCneKmuHUX WIAXi6 ix eekmusHo20 SUKOPUCMAHH Modce OYmu XiMiuHa 06pobKa 3 Memolo OMpUMAaHis
egexmusnux biocopbenmis abo maxk 36aHux HOCIi6 pizHozo ckrady ma cmpykmypu. Memoio pobomu 6yn0 uguenus
CMPYKMYPHUX, MOPDOI0STUHUX MA COPOYILIHUX 61ACMUBOCMEN YENIONO3U, TIZHIHY Ma Ni2HOYENON03U, OMPUMAHUX 13
biomacu yykposoi mpocmunu (bacacu ma conomu) wisXoMm OelieHipixayii ma 2iOponizy SAK NOMEHYIUHUX
KOMNOHEHmI8 cucmemu 00CmasKu 71iKie. 3pasku coiomu YyKpoeoi MmpoCmunu O0eMOHCMPYIOmb Oilbld BUCOKY
winobuicms y NOpigHsaHHI 31 3pazkamu 6azacu. O6uosa 3pasku JieHiny 3 6aeacu ma coroMu Maioms OLILULY WITbHICb
NOPIGHAHO 3 THWMUMU Mamepiaiamu 3 0IoMACU CaXapHoi MpoCmuHU Yeaioal03Hoi ma NieHOYeoa03HoI npupoou.
Cnocmepicacmucs 30inbutentss 006 emy adcopoyitinux nop y AieHiHax, wo 6Ka3ye Ha Kpawyy 30amHicms 00 a0copoyii.
Obuosa 3pasxku yemoi03u ma AicHOYEN0a03uU 3 CONOMU MAIOMb OLIbULY NOPUCMICMb Y NOPIGHAHHI 3 GUXIOHUM
Mamepianom. 3HavenHs e(pekmueHocmi copoyii OuKiIopenaxy Hampiio KOperroomvCs i3 3HAYeHHAMU 00 €My nop 0714
8I0N0GIOHUX Mamepianie. Binbuwumu copoOYIHUMU 6IACMUBOCMAMU XAPAKMEPUIYEMBCS TIZHIH I3 COLOMU YYKPOBOT
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mpocmunu, axuil mae oinbuty nopucmicmo. 300pasicennss CEM noxaszyiomn, wo euxiouni ma oopobneni mamepianu
Maroms ckaony mopgonoeiio. Cnekmpu IK noxazyioms yimky iOMiHHICIb y CIMPYKMYPI TieHOYEI0N03U, YeTion03U
ma JnieHiHy bazacu ma coiomMu Yykposoi mpocmutu. JJOCHiONCEeHO MONCIUBICIMb 3aCMOCY8AHHS Oionoimepie 3 K
OP2aHIYHUX HOCII8 OUKIOGeHaKy Hampiio. 3 Yi€io Memow POCIUHHI NOJIMePU NPOCOYYEANU CHUPMOBUM PO3UUHOM
OuKnoghenarky Hampio ma 00cHoNcysanu npoyec Oecopbyii. 3pazox nieHIHY I3 CONOMU YYKPOBOI MPOCMUHU MAE
OinbuUll Nepiod BUBLTbHEHHS! NPenapamy, wo cei04Yums npo OMpUMaHuil epekm nporoHeayil.

Knruosi crosa: biomaca; nicnin; yenronosa, OUKiogeHax Hampiio, copbenm
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