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LONG-ACTING COMPOSITE SYSTEMS
BASED ON POWDERED MEDICINAL PLANTS AND NANOSILICA

The state of water in the powdered plant materials (calendula, hibiscus) and their composite systems with A-300 nano-
silicas having different bulk density has been studied by low-temperature 'H NMR spectroscopy method. The change in
bulk density has been found to significantly affect the radius of inner cavities in interfibrillar space of plant components. The
composite systems based on wetting-drying compaction of nanosilica and plant powder have been showed to form a mix
with high interaction energy of heterogeneous particles. This results in the effective retention of plant bioactive complex by
composite, which enables the development of long-acting plant drugs.
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As of today, several types of composite systems
based on plant components and amorphous silica
have been developed and are promoted to the mar-
ket under the general name of Phytosil [1—3], in
particular, Hepatonorm developed by joint efforts
of the Rubets Institute of Genetics and Animal
Breeding and the Bohomolets National Medical
University [4]. Studies have showed that choler-
etic effect of active substances immobilized on si-
lica surface almost 40 times exceeds that of indivi-
dual administration of the same bioactive complex.
Inulan LTD has been producing medical drugs un-
der the brand name Phytosil, which have hypoc-
holesterolemic, hepatoprotective, anti-inflamma-
tory, and anticoagulating properties.

A series of dietary supplements of Phytosil type
[3, 5], which are intended for the prevention and
treatment of disorders of the gastrointestinal tract,
infections of open wounds, liver diseases, and psy-
cho-neurological disorders (TU 10.8-03291669-
018 2013) have been developed at Chuiko Insti-
tute of Surface Chemistry (ISC). The medica-
tions are made on the basis of milled collection of
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medical plants and nanosilica A-300 which are
mixed and additionally activated in a ball mill for
obtaining a homogeneous powdered mixture. It is
assumed that the mechanism of action of these
drugs is rapid desorption of bioactive plant com-
plex in parallel with detoxification effect caused
by nanosilica. Measurements have showed that
adsorption of biologically active substances on
nanosilica in these compositions is insignificant
and does not exceed 10% of the total amount de-
sorbed to biological media [5].

In order to raise the efficiency of Phytosil type
drugs it is necessary to design a composite system
where silica particles are strongly bound with parti-
cles of milled plant raw materials and are able to in-
fluence bonding and release of bioactive complex
substances. In this case, depending on type of pre-
treatment, preconditions for controllable release of
active substances in patient’s stomach or intestine
are formed. Besides, nanosilica will perform a func-
tion of delivering active substances to mucosa and
activating their absorption. The product is based on
previously discovered phenomenon of nanosilica ef-
fect on the bulk water-filled interfibrillar gaps in mi-
crocrystalline cellulose and starch particles [6—8].
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Two model medical plants, Hibiscus sabdariffa
and Calendula officinalis having different mecha-
nical characteristics and amount of active substan-
ces, have been studied using nanosilica A-300 from
pilot plant at Chuiko Institute of Surface Chemis-
try (Kalush, Ukraine 99.8% purity). The initial
(Si0,in) one with a bulk density of 50 mg/ml and
the compacted by wetting-drying up to a bulk den-
sity of 250 mg/ml (SiO,d) [9].

Microphotographing of powders was taken using
Primo Star microscope (Zeiss, Germany) at x100
magnification. The micropictures of powdered flow-
ers Calendula officinalis (a) and composite systems
based on the initial (b) and the wetting-drying
compacted silica (¢) in reflected light are showed
in Fig. 1. Plant particles have a size of 5-100 um
(Fig. 1, a) and easily distinguished particles of com-
ponents in the composite system with initial silica
(Fig. 1, b). For wetting-drying compacted silica
(Fig. 1, ¢) various particles are barely distinguish-
able in the mixture. This indicates a close contact
between plant and mineral components.

The ability of heterogeneous solid particles to
form composite systems and their specified ad-
sorption-desorption properties in aqueous medium
strongly depends on hydration parameters. One of
few methods enabling both to measure the amount
of water bound with fine particles and to deter-
mine thermodynamic parameters of bound water
is low temperature 'H NMR-spectroscopy [8, 10—
11]. Water that forms hydrated shells of the parti-
cles is perturbed by surface which results in lower
temperature of water freezing (below 273 K). The
stronger is adsorption interaction, the lower is tem-
perature of freezing water bound with surface. Then,
determining temperature dependence of unfrozen
water concentration, the total change in water free
energy caused by interfacial interactions can be
estimated. The value is called interfacial energy
(v) and measured in J/g [8, 11].

To compare the interfacial energy in the systems
based on dispersed plant particles and nanosilica, the
amount of water added to the system will be the sa-
me: hydration of samples was equal Ch o =250 mg/g.
Fig. 2 shows a diagram of variation in the interfacial

energy for the studied systems. Water is bound mo-
re effectively in wetting-drying compacted nanosi-
lica than in the initial one, with difference in the in-
terfacial energy being equal to 1.5 J/g. Energy of
water interaction with particles of milled calendu-
la flowers has an intermediate vy, value for both of
initial and wetting-drying compacted silica.

It should be noted that nanosilica and milled
plant particles are hydrated in different ways. Wa-
ter is located in nanosilica interparticle gaps. In the
case of plant material, water fills cavities between
the cellulose microfibrils. According to the Gibbs-
Thomson equation [10 11], by lowering the freez-
ing point of adsorbed water, the size distribution
of water clusters that are located in interparticle
or interfibrile gaps can be obtained. Fig.3 shows
that in wetting-drying compacted nanosilica, the
amount of water in clusters having radius larger
than 20 nm significantly decreases. At the same ti-
me, in the milled calendula flowers almost all bound
water is a part of poly-associates with R< 10 nm.
Therefore, an increase in free energy of binding
with transmission of a part of adsorbed water from
hydrated shells of nanosilica particles into the in-
terfibrillar cellulose space can be expected.

An increase in interfacial energy (Fig. 2) of com-
posite systems in comparison with the initial com-
ponents can be explained by an increase in energy
of water binding due to the formation of strong
bound water clusters in interparticle gaps of silica
and milled plants or by nanosilica influence on mi-
crofibrilll interaction in cellulose particles [7]. In
particular, increase in S can be explained by better
cellulose affinity to water, which leads to redistri-
bution of water in gaps between silica particles and
fibrous structure of plant material. Also, this is tes-
tified by changes in distributions of adsorbed wa-
ter clusters. For the composite systems the amount
of water located in large clusters is reduced by in-
creasing the number of small clusters. Mainly the
fibrous structure of cellulose of milled plants is re-
sponsible for these small clusters.

The composite systems based on nanosilica and
medical plants are administered orally. Entering
the human organism, they contact with tissues of
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Fig. 1. Microphotographs of milled calen-

dula flowers (a) and composite systems

based on initial (b) and wetting-drying
compacted silica (¢) in reflected light

Fig. 5. Microphotographs
of composite system (1/1)
based on milled Aibiscus flo-
wers and wetting-drying
compacted nanosilica
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Fig. 8. Effect of nanosilica on hydration
of dispersed cellulose

Fig. 7. Size distribution of ad-

sorbed water clusters in com-

posites based on milled flow-
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Fig. 2. Diagram of change in interfacial energy in compos-
ite systems based on milled calendula flowers and nano-
silica and influence of hydrophobic deuterated chloroform

(Cy= 250 meg/g)

mucous membrane of stomach and intestines [ 12—
13]. A large part of the mucous membrane is for-
med by hydrophobic sites of lipoproteins and pro-
teins. Deuterated chloroform with a dielectric per-
mittivity & = 4 that is approximate to local dielec-
tric constant for many aliphatic compounds was
used for modelling of phytocomposite contact with
hydrophobic medium.

Fig. 2 shows that contact with hydrophobic me-
dium leads to a significant increase in free energy
of water interaction with composite system compo-
nents. Maximum effect is observed for the compos-
ite based on wetting-drying compacted nanosilica.
An increase in water bonding in fibrous structure of
medical plant materials has to be accompanied with
a simultaneous increase in energy of biologically ac-
tive substances that are a part of bioactive complex
and an increase in time of their desorption.

The phytocomposite system gets into stomach.
Therefore, it is interesting to study condition of
interfacial water in phytocomposite system at the
presence of both hydrophobic medium and cer-
tain amount of hydrochloric acid. As it has been
showed for other nanostructured systems [10—
11], the strong acids are hardly soluble in clus-
tered water, which enables to record water clus-
ters with different solvent power with respect to
acid in "H NMR spectra.
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Fig. 3. Size distribution of adsorbed water clusters in milled
calendula flower, nanosilica, and their composite systems at
Cyo=250mg/g

'"H NMR spectra of HCI aqueous solutions ad-
sorbed by milled calendula flowers (a) and compos-
ite systems 1,/1 based on the initial () and the wet-
ting-drying compacted (¢) nanosilica at various
temperature are given in Fig. 4. For the plant com-
ponent there are three signals having different che-
mical shift and intensity (signals 1-3, Fig. 4, b) in
the spectra. The main signal for calendula sample
has a chemical shift 5,=5—6.5 ppm depending on
temperature, that is much less than for the acid
solution adsorbed by nanosilica (about 9 ppm). In
addition, there are signals of water with partially
destroyed hydrogen bonds net (8, =4 ppm, signal
2) and weakly associated water (signal 3, 5=
=1.5 ppm) in the spectra. Relatively less chemical
shifts (as compared with silica) can be caused by
the formation of salt-like products in the bulk of
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solid milled plant particles that don’t take part in
exchange processes with adsorbed water.

For the composite systems, signal 4 (Fig. 4, b, ¢)
appears, which intensity sharply increases as the
initial silica is replaced by wetting-drying com-
pacted one. This signal can be assigned to the for-
mation of adducts of plant and mineral compo-
nents. Perhaps, the clusters of water that is hard-
ly soluble in acid are responsible for signal 4 and
located in the contact zone of silica particles and
phytomaterial. Respectively, the creation of phy-
tocomposite system is associated with the for-
mation of water clusters that weakly dissolve the
acid and their concentration strongly depends on
method of composite material preparation. Op-
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Fig. 4. "H NMR spectra of HCI aqueous solution adsorbed

on particles of milled Calendula officinalis particles (a) and

their composites 1:1 with initial (b) and wetting-drying com-
pacted (c) silica

timal conditions are ensured by wetting-drying
compacted silica. For this composite, maximum
effect of the mineral component on desorption of
active substances from the particles of plant com-
ponent is expected.

For comparison, both hydration and formation
of composite systems based on other plant (Hibis-
cuss abdariffa) containing a large amount of or-
ganic acids and antioxidants in its flowers have
been studied. Vitamins, microelements, and bio-
logically active substances prevent cold and influ-
enza, stimulate reinforcement of immune system,
enhance physical endurance, and alleviate emo-
tional stress. Natural dried Hibiscuss abdariffa flo-
wers with initial wet content less than 5 % wt. have
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been used. As compared with calendula, hibiscus
flowers consist of harder cellulose formations.

Microphotographs of hibiscus-wetting-drying
compacted silica composite powder (component
ratio 1:1) in reflection mode are showed in Fig. 5.
Both hibiscus flowers and silica particles are easi-
ly identified in microphotographs by different co-
lors of particles. The mechanical treatment re-
sults in the fact that the particles of plant mate-
rial have a size within 5-300 pm. The majority of
particles has a size within 50—100 pm. Silica has
a high affinity to the surface of plant material,
which leads to the formation of continuous film
consisting of semitransparent particles with a si-
ze of 10—20 um, on the surface. The excessive part
of silica (not bound to the surface) forms agglom-
erates with a size of 50 pm.

Integral characteristics of bound water in com-
posite systems are showed in Fig. 6. As compared
with calendula, bonding of water in hibiscus par-
ticles is less effective than in silica. However, in
the composite systems containing, at least, one
third plant component, the total effect of y varia-
tion is positive, which indicates possible signifi-
cant silica effect on the fibrous structure of cel-
lulose component.

The size distribution of bound water clusters for
hydrated silica has two maxima at R = 2 and 9 nm
(Fig. 7). In the hibiscus particles, the main maxi-
mum is at R = 4 nm. In addition, there are maxima
at R=1and 100 nm. In the composites, cluster size
distribution changes significantly. A sharp decrease
in maximum at R = 9 nm (the main one for pure
silica) is reported. A significant amount of water
constituting large aqueous domains with R >10 nm
appears. In addition, the main maximum typical for
initial hibiscus powder shifts towards lesser R value.
These changes are showed in Fig. 7 by shifts AR,
and AR,, which reflect impact of nanosilica parti-
cles on bonding of water in cellulose matrix of dis-
persed hibiscus. Like in the case of calendula, a de-
crease in radius of water clusters in the composites
(AR)) can lead to intensification of water bonding
and, consequently, to prolonged desorption time of
active substances. An increase in the number of
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Fig. 9. Absorption spectra of aqueous extracts of hibiscus
powder and composite systems based on it: initial Aibiscus
powder (7), composite systems with SiO,in (2) and SiO,d (3)

large clusters (AR,) can be caused by water in in-
terparticle gaps of nanosilica and hibiscus.

The influence of nanoparticles on the structure
of aqueous aggregates in the cellulose matrix can
be described by a diagram showed in Fig. 8. The
main structural element of cellulose is fibrils con-
sisting of packs of closely located polysaccharide
chains. These chains form crystalline parts showed
in the diagram as system of vertical lines. The
length of crystalline parts is relatively small and
they are separated from each other by amorphous
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areas with much lesser ordering. A significant amo-
unt of water can penetrate into the interfibrillar
gaps and change the geometry of crystalline poly-
saccharide structures by wedging pressure (the
majority of natural cellulose materials are known
to swell up in aqueous or wet medium [14]). For
the composite systems containing hydrated par-
ticles of cellulose covered with film of hydrated
nanosilica, the geometric parameters of composite
particles depend on ratio of mechanical forces act-
ing on microfibrils from adsorbed water and na-
nosilica particles that form hydrogen-bond com-
plexes with superficial cellulose. A decrease in wa-
ter cluster radius inside the cellulose fibers (AR,)
can be explained by a decrease in wedging pressu-
re of water in cellulose capillaries due to its par-
tial shift towards the interface with silica particles
and formation of water clusters there having a ra-
dius (AR,) larger than that of water clusters in the
silica particles gaps. However, as it has been sho-
wed for the composites based on calendula parti-
cles, an inverse process such as displacement of
absorbed water part from silica interparticle gaps
into interfibrillar cellulose space takes place.

UV-absorption spectra of desorbed biological-
ly active substances of initial hibiscus powder (1)
and composite systems based on it and two types
of nanosilica, the initial SiO,in (obtained by mill-
ing in mortar for 30 min under load) (2) and the
wetting-drying compacted SiO,d (3) are showed
in Fig. 9. The composite system samples with a
weight of 0.5 g or respective sample of powdered
initial plant material (0.05 g) were used for mea-
surements. The samples were carried into a glass
containing 50 ml distilled water and stirred vig-
orously for 30 minutes, then 5 ml of solution was
centrifuged for 20 min at a rate of 3000 rpm. Fi-
nally, optical density of the resulting solution in
1cm thick cell was measured.

The absorption spectra of initial plant material
and composite system with SiO,in have peaks ty-
pical for hibiscus, whereas the system composed
of compacted silica does not have any peaks. The
absence of peaks testifies to the composite forma-
tion and tight contact between plant and mineral

components, which leads to sticking of bioactive
complex on the surface of wetting-drying com-
pacted silica, which can facilitate expected pro-
longation of active substance release.

CONCLUSIONS

The possibility of composite systems consist-
ing of wetting-drying compacted and initial na-
nosilica with milled plants (calendula and hibis-
cus flowers) has been established. Based on NMR
spectroscopy data silica film formed on the sur-
face of milled plant particles can strongly affect
their hydration. Varying component concentra-
tion impacts radius of inner cavities in the inter-
fibrillar space of plant component.

A scheme according to which an in increase in
the efficiency of binding water in interfibrillar spa-
ce of plant component (radius of water filled po-
res decreases) is caused by nanosilica influence has
been proposed. At the same time, adsorbed water
clusters are formed in the gaps among silica and
cellulose particles. These clusters have a radius
larger than in silica for hibiscus and smaller than
in silica, for calendula.

In the HCl presence, in particles of milled flow-
ers and their composites with silica, there are se-
veral types of NMR signals of adsorbed solution.
Thereat, a part of water is in the form of clusters
that do not dissolve hydrochloric acid. For the
calendula flowers, in the presence of HCI a new
signal with a chemical shift =5 ppm appears in
spectra. It can be explained by the presence of
acid solution localized in interparticle gaps of cel-
lulose and silica. Intensity of this signal is maxi-
mum for composites with wetting-drying com-
pacted silica. This enables to assume that proper-
ties of these composites maximally differ from
those of individual components. These compo-
site systems are the most promising for medical
and biological studies.
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KOMIIO3UTHI CUCTEMU
[MPOJTOHTOBAHOT JIIT HA OCHOBI
INOAPIBHEHUX JITKAPCbKIX POCJINH
TA HAHOKPEMHE3EMIB

Meronom nusbkotemieparypuoi 'H AMP-cnekTpocko-
il BUBYEHO CTaH BOJAM B IOAPIOHEHIN POCAMHHIE CMPOBUHI
(xanenmyna, ribickyc) Ta il KOMIIO3UTHUX CHCTEMAX 3 HAHO-
kpemiezemamu Mapku A-300, ski BiIpi3HSAIOTHCS HACUTTHOIO
rycTunolo. BusiBiieno, 111o 3mina BeJIMYMHA HACUITHOI IYCTH-
HU iCTOTHO BIUTMBA€ Ha Pajiyc BHYTPINIHIX TMOPOXHUH B
MIKGbIOPUIISIPHOMY TIPOCTOPI POCAUHHOI KoMIoHeHTH. [To-
Ka3aHo, 10 KOMIIO3UTHI CUCTeMU Ha OCHOBI Ii[pOyIIiIbHe-
HOTO KpeMHEe3eMy Ta MOPOIIKY POCIUH (GOPMYIOTb CyMilll 3
BHUCOKOIO €HEPTi€i0 B3AEMO/Iii MiK PI3HOPIAHUMU YaCTHHKA-
mu. [le npuBoauTD 10 eheKTUBHOTO YTPUMAHHS KOMIIO3U-
TOM 610aKTHBHOTO KOMILJIEKCY POCJIUH, IO J03BOJISIE CTBO-
pioBaTu QiTonpenapaTu TPOJIOHTOBAHOI ii.

Kntouosi croea: nusbroremiieparypua 'H IMP-crekr-
POCKOTIisT, POCMHHA CUPOBHHA, KaJeHIyJIa, TibiCKyc, HaHO-
KpeMHe3eM, KOMIIO3UTHA CUCTEMA.

B.B. Typos, T.B. Kpynckas,
AL Ionosams, JI.C. Anopuiixo, H.T. Kapme

WNucturyT xummn moBepxHocTu nM. A.A. Hyiiko
HAH Yxpannsr,
yit. Tenepana Haymosa, 17, Kues, 03164, Ykpauna,
tes.: +38 722 96 11, krupska@ukr.net

KOMITO3UTHBIE CUCTEMbI
[MPOJIOHTUPOBAHHOTO JIEVICTBUS
HA OCHOBE USMEJIbYHEHHDbIX
JEKAPCTBEHHBIX PACTEHNI
N HAHOKPEMHESEMOB

Meromom HuskoTemiieparypHoit 'H SIMP-criekrpockorvin
M3Y4EHO COCTOSIHME BOJIbI B M3MEJbUYCHHOM PACTUTEJLHOM
chIpbe (KaJIeH Iy 1a, THOUCKYC) ¥ €r0 KOMIIO3UTHBIX CHCTEMAX
¢ nanokpemuesemamu Mapku A-300, pa3ryaionuMucst Ha-
CBIIHOI TIJIOTHOCTBIO. BBIABJIEHO, YTO U3MEHEHWE BEJIMYUHBI
HACBIITHOM MJIOTHOCTH CYIIECTBEHHO BJIMAET HA PajinyC BHYT-
PEHHUX MOM0CTEN B MeK(DUOPUIIIPHOM TIPOCTPAHCTBE pac-
THUTEJIBHOI KOMITOHEHTHI. [Tokazano, 4TO KOMITIO3UTHBIE CHC-
TEMbI HA OCHOBE TMJIPOYIJIOTHEHHOTO KpEeMHe3eMa 1 TIOPOIIKY
pacteHuii GOPMHUPYIOT CMeCh C BBICOKOU dHEPTHell B3arMO-
JICHCTBUA MEKLY Pa3sHOPOAHBIMI YaCTUIIAMHU. ITO TPUBOJUT
K 3 (hEKTUBHOMY YIEPKUBAHIIO KOMIIO3UTOM OMOAKTUBHO-
IO KOMILIEKCA PACTEHMIA, YTO TIO3BOJISICT CO3/I1aBaTh (PUTOTIPE-
rapaThbl IPOJOHTUPOBAHHOTO JICHCTBHS.

Kntoueesvie cnoesa: nuskoremneparypras 'H AMP-criext-
POCKOTIHNS, PACTUTEIHLHOE ChIPbE, KAIeH/yIa, THOUCKYC, Ha-
HOKpEeMHe3eM, KOMITIO3UTHAS CUCTEMA.





