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Background: Intercomponent drug interactions could play important role for drug release, membrane
permeability and membranotropic action. Therefore, newly developed drugs need for checking their
biopharmaceutical characteristics. A new analgetic drug based on paracetamol (Actimask®
Acetaminoprofen) and a hepatoprotector N-acetyl-D-glucosamine has been developed, with increased
safety and potentiation of the analgesic effect (Ruban O., 2022). Multibilayer lipid membranes were
chosen as promising testing medium due to their proved appropriation and sensitivity for study multi-
compound drug-membrane interactions. It is the basis for a kinetic approach allowing elucidation of
biopharmaceutical interactions in model membrane medium.

Objectives: Revealing changes of paracetamol release and membrane penetration in the new
paracetamol-glucosamine analgetic drug as well as estimation the rationale of the approach developed to
trace biopharmaceutical interactions in model membrane medium.

Materials and Methods: L-a-dimyristoyl phosphatidylcholine (DMPC) multibilayer membrane was
used as a model biomimetic testing medium. Differential scanning calorimetry (DSC) was applicated to
trace kinetics of drug-membrane interactions.

Results: Gelatin as a part of Actimask® increased the characteristic time of paracetamol diffusion about
threefold, but it had no pronounced effect on the equilibrium paracetamol penetration into the membrane.
Sole glucosamine manifested no membranotropic effect under the experimental conditions, however, in
combination with gelatin, it sufficiently reduced equilibrium paracetamol penetration while paracetamol
diffusion remained within the experimental error. The full drug formulation increased membrantoropic
effect by 34 % in compared with sole paracetamol.

Conclusions: Glucosamine and gelatin can affect both kinetic and equilibrium parameters of
paracetamol-membrane interactions, while the full set of the drug components is able to increase the
effect which correlates well with the previously established enhancement of analgetic effect of the drugs.
The approach developed allows accurate tracing of drug release and membrane penetration depending on
a set of drug components. Generally, the results obtained prove the rationale of applying the approach to
pre-clinical drug examination.
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glucosamine; biopharmaceutical interactions; differential scanning calorimetry.
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Paracetamol is known as a worldwide analgesic that and the first-line drug for the
treatment of pain and fever in patients of all ages. It is belonged to the group of nonsteroidal
anti-inflammatory drugs (NSAIDSs), together with aspirin, ibuprofen, diclofenac and a number
of other broadly used analgetic substances. However, a side effect of paracetamol is
hepatotoxicity. To avoid it, N-acetyl-D-glucosamine (NAG) was used in a drug formulation
as a hepatoprotector. It was established that the paracetamol-NAG combination leads to
increased safety and potentiation of the analgesic effect of the drug [1]. Microgranules of
paracetamol in a gelatin shell (Actimask® Acetaminoprofen) was used in order to create the
drug in the form of orally disintegrating tablet, which provides greater compliance for
treatment and contributes to the onset of an analgesic effect; besides, covering paracetamol
with a gelatin shell is due to the improvement of its organoleptic properties.

However, it is well known that any changes in tablet formulation could significantly
affect drug bioavailability, so relevant question is to explore biopharmaceutical properties of
the new drug. This issue, in turn, refers to the common problem of drug-excipient interactions
[2], which should be discussed in more details.

An excipient is a natural or synthetic material added to dosage forms along with the
active pharmaceutical ingredient (API) as either functional or non-functional agents [3].
Generally, excipients can exert multiple roles in a dosage form, so the selection of drug
compounds is considered as crucial in any drug formulation design [3, 4]. Though excipients
are considered as (therapeutically) inert, they are able to interact with reactive functional
groups of an API in different ways [4]. It is commonly accepted that any form of
physicochemical interaction involving drug molecules will potentially affect drugs’ stability
and bioavailability [4]. Last decades, the interest to drug-excipient interactions arises due to
establishing of its ability to impact on drug effectiveness and, hence, to be a significant for
drug adsorption by organism tissues [2, 5]. For example, ionic interaction between cationic
drugs and anionic superdisintegrants resulted in the delayed release and poor dissolution of
drugs [6].

Literature suggested numerous examples of physicochemical drugs interactions and each
of them is of high importance for treatment processes. So, emerging trends in the design and
development of drug products indicate ever greater need for in-depth understanding of the
roles of drug compound in drug delivery applications [3]. Naturally, the phenomenon is not
only limited by drug-excipient interactions but could equally be applicated to API-API
interactions (in the case when several APIs are formulated in the same product), so it might be
generally referred as intercomponent drug interactions.

Nowadays, this issue is considered in several aspects [2-4, 6-8]: (i) intercomponent
interactions within a dosage from, or pharmaceutical incomparability; (ii) affecting drug
release, solubility and bioavailability from the dosage form as well as its biopharmaceutical
interactions; (iii) usage of excipients as drug delivery systems. The vast majority of the works
on this matter is devoted to physicochemical interactions between certain drug components
during the processes of API release/dissolution from a dosage form into water medium.
Meanwhile, the next step of drug delivery, namely, drug-membrane interactions, is just as
essential for bioavailability [4]. It is important that API penetration is usually carried out by
passive diffusion through the lipid bilayer of cells [9]. The interaction of drugs with the lipid
bilayer of biomembranes is inevitable, since a route of APl administration (penetration into
the systemic bloodstream, entry into the target cell, metabolism, etc.) is accompanied by
interactions with a large number of cells barriers. Drug-membrane interactions seem to be of
essential importance when dissolution is not the rate-limiting step of drug administration [2].
Moreover, improvement of membrane permeability by an excipient is thought to be a direct
reason to improve drug bioavailability [4].
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Generally, drug-membrane interaction is a complex and mutual process. Indeed, on the one
hand, it affects the pharmacokinetic properties of pharmaceuticals, and on the other, it impacts on
the structural and functional properties of the membranes themselves [10-12]. Besides, it could
be an intrinsic part of biological effect of a drug, as it was shown for API of various classes. In
particular, NSAIDs are characterized by strong drug-lipid interactions [13] being extended
between the polar and hydrophobic segments of lipid bilayers [14]. Their membranotropic effect
was established as detergent-like [15] or decreasing membrane melting transition point, thus
enhancing the permeability of the membrane [16]. For a number of NSAIDs, it was shown that
disruption of the cell membrane barrier is an important component in the drugs pathogenesis [8].
It was also established that NSAID toxicity is associated with the ability of the drug to modify
the gastroenteric surface hydrophobic barrier through interaction with endogenous
phosphatidylcholines [8]. These findings have indeed been providing evidences that the effect of
NSAIDs at membrane level may be an additional mechanism of action and toxicity of NSAIDs
[17] and highlight deep relationship between their membranotropic action and pharmacological
activity (both therapeutic and negative side effects).

Up to date, a set of data has gained which evidence that the presence of foreign molecules
could affect drug-membrane interactions [18, 19]. For example, as it was established for a
large group of anti-inflammatory drugs, their transdermal permeability is elevated in the
presence of lauric acid [19]. In spite of this, there are comparatively small number of works
elucidating drug-excipient interactions in membrane medium, probably due to lack of proper
methods and approaches.

As it was shown in our previous works, a set of excipients could serve as a modulating
factor for API-membrane interactions [11, 20, 21]. In particular, azithromycin distribution
into dipalmitoylphosphatidilcholine membrane varied depending on drug formulation [21].
Here, it should be noted that such modulation could either result from direct intercomponent
interactions or appear explicitly at the stage of drug—membrane interactions. The former type
of intercomponent interactions may be referred as membrane-mediated interactions; it was
actually exemplified in [22—-27]. The matter is just starting to develop but seems powerful and
promising from practical viewpoint. For example, reduction of drug release by magnesium
stearate is canonically attributed to generation of barrier to the aqueous environment [28],
however another reason could be formation of drug-excipient complexes in membrane
medium, as it was shown in [20].

One of the most appropriated techniques to explore this matter is differential scanning
calorimetry (DSC). On the one hand, it is known as a powerful and high selective tool to
study drug-membrane interactions [29, 30] and on the other hand, it is widely used to predict
various types of physicochemical drug—excipients interactions [4]. Our previous works
involving DSC to drug-membrane interactions demonstrated effectiveness of Kinetic regime
to exploring membranotropic effect of various drugs combinations [31]. To this end, in the
present work, we focused on investigation of kinetic effects of drug components on
paracetamol release and distribution over model membrane medium. The aim of the work is
to demonstrate possibilities of using kinetic DSC approach to explore changes of
biopharmaceutical interactions depending on drug formulation, namely (1) reveal changes of
paracetamol release and membrane penetration in the new paracetamol-glucosamine analgetic
drug and (2) estimate the rationale of the approach developed to trace biopharmaceutical
interactions in model membrane medium.

MATERIALS AND METHODS
Pharmaceutical composition of paracetamol with N-acetyl-D-glucosamine
To create the pharmaceutical composition we used: Paracetamol (Angiu Lu'an
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Pharmaceutical Co., China) or gelatin-coated paracetamol (Actimask® Acetaminophen, SPI
Pharma, USA), N-acetyl-D-glucosamine (Zhejiang Candorly Pharmaceutical, China),
Plasdone S-630 (ISP, Switzerland), Kolidon CL (BASF, Germany), citric acid (Merck,
Germany), sodium bicarbonate (Merck, Germany), Lubripharm (SPI Pharma, USA),
Aspartame (Hyet Sweet, France), Orange flavor (Kerry, Italy).

Taken together, NAG and Actimask® consisted 63 % of tablet mass.

Lipid membrane preparation

L-a-dimyristoylphosphatidylcholine (DMPC) membranes were prepared on the basis of
DMPC of high purity (Avanti Polar Lipids) using Mettler XP 26 microbalance (Mettler
Toledo). 70 % wt/wt hydrated samples were obtained by adding a corresponding amount of
bidistilled water. Then, the samples were incubated at 275-278 K for several days in order to
provide water — lipid equilibrium. Additionally, regular agitations and heating above 320 K
were applicated. The initial value of water content was maintained by addition of bidistilled
water in proper amount.

Kinetic studies

Differential scanning calorimetry (DSC) technique was involved to treat the process of
drug-membrane interactions. Original DSC profiles were obtained using a DSC 1
microcalorimeter (Mettler Toledo). Sample mass was 10 to 15 mg. Paracetamol content was
6 % wt/wt in all the samples. The ratios of other compound were the same as in the tablet-
mass.

Before the procedure of DSC profiles recording, the necessary drugs amount was placed
into a 40 pl standard aluminum crucible, then it was covered by neat DMPC membrane. This
moment was count as time zero. Then a sample was placed into the measurement cell and
underwent consequence heating scans in temperature diapason 273 to 308 K at scanning rate
0.3 KI/s.

The procedure of DSC profiles recording has been performed until system equilibrium
was reached (i.e. until no further changes of DSC profiles were observed). For each sample,
15 to 20 repeated DSC scans were performed during 120 to 170 hrs. of sample treatment.
Neat DMPC membrane was examined under the same conditions as a control. Between the
scans, the samples were stored at room conditions. Original DSC data were further processed
by means of Star®* SW 11.0 software.

RESULTS AND DISCUSSION

In the present study, multilamellar model membrane of hydrated L-a-
dimyristoylphosphatidylcholine (DMPC) was used as testing medium. Under experimental
conditions, this membrane possesses a periodic lamellar structure with interlamellar repeat
distance ab. 6-7 nm depending on temperature [32]. DMPC membrane is known to undergo
the 1% order phase transition ‘gel to liquid crystal’ (membrane melting) under room
temperatures which makes it convenient to explore drug-membrane interactions with a
minimum risk of thermal destruction of the substances examined. Kinetics of drug
administration into DMPC membrane was monitored using changes of DSC profiles during
time of equilibration. Several types of systems were investigated, viz., DMPC membrane
containing a selected drug component (paracetamol, NAG), certain drug combinations (e.g.,
Actimask® + NAG) or the full drug formulation (tablet). Original DSC thermograms of the
systems were reported in [1]. Here, we present further data treatment allowing us to obtain
quantitative characteristics of drug-membrane interactions.

Taken into account complex character of the DSC peak obtained during equilibration
time, it seemed reasonable to perform some fitting procedure to describe the process
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quantitatively. For this purpose, a DMPC melting peak was fitted by two ones which reflect
existence of membrane portions with different drug content. The fitting procedure and
determination of the lower peak fraction (n) are illustrated in Fig. 1. Coefficient of
determination R? > 0.98 was taken as a fitting criterion. All the systems examined met the
criterion, except some samples contained the tablet.
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Fig. 1. DSC profile for DMPC membrane
containing paracetamol (1% scan, t = 1080 s).
Fitting of the melting peak by two Gaussians. The
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The data obtained after the abovementioned processing were plotted as dependences of
the lower peak and the upper peak temperatures on equilibration time. Initial steps of
equilibration for different systems are depicted in Fig. 2.
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As one can see, for the membrane containing sole paracetamol, the lower peak appeared
yet in the 1% scan (Fig. 1) and then maintained very close to its equilibrium value (Fig. 2, a).
So, one could ascribe it to the portion of membrane saturated with paracetamol. Such rapid
paracetamol distribution observed under the experimental conditions is in line both with
known high penetrating ability of paracetamol and with the data of MD simulation of
paracetamol-DMPC interactions [33]. At the same time, the upper peak decreased much faster
and merged the lower peak completely after just the 3 scan, reflecting equilibrium
paracetamol distribution over a sample. Grounding on the above, parameter n seems
appropriate to describe kinetics of paracetamol distribution over the membrane medium. For
sole paracetamol, the value of n became equal to 1 after approx. 2.5:10% s.

The pattern changed significantly with application of Actimask® instead of paracetamol
(Fig. 2, b). Here, the lower peak shifts gradually toward its equilibrium position, but does not
reach it even within 15-10% s. The upper peak exists during the same time period indicating
non-homogeneous distribution of paracetamol throughout the membrane. Such effect is most
likely evinces hindering of paracetamol release into the membrane medium due to gelatin
coating of Actimask® microgranules. Reduced drug release from gelatin-coated capsules is a
known effect of drug-excipient interactions, particularly for paracetamol [34, 35] so the effect
observed testify in favor of relevance of the approach developed.

As for NAG, there were no visible changes of DSC profiles observed during 6-10° s (data
are not shown), though it does not generally mean the absence of NAG — membrane
interactions. Being taken together with Actimask®, NAG restricts changes of the both peaks
and moves the resulting peak temperatures to relatively higher values (Fig. 2, c).

In Fig. 3, time dependences of the lower peaks in various systems are compared. For the
system with Actimask®, it can be evident that though the equilibration value is reached much
more slowly, it finally matches up (within the experimental error) with that for sole
paracetamol. To our mind, such coincidence shows complete paracetamol release from the
microgranules. Whilst, under joint Actimask® + NAG application, the equilibrium
paracetamol effect appears much slighter, probably reflecting reduction of paracetamol
distribution into membrane caused by the presence of NAG. Meanwhile, introduction of the
tablet causes additional membrane fluidizing comparative to sole paracetamol. To our mind,
such effect could be resulted from both enhancement of paracetamol distribution into
membrane and its overlapping with membranotropic effect of other drug components. But
anyway, such membrane fluidization correlates well with the previously established
enhancement of analgetic effect of the drug [1].

1/

Actimask® + NAG
Fig. 3. Kinetics of shift of the lower melting peak
Paracetamol for DMPC membrane containing various
compounds of the paracetamol-glucosamine drug.
The vertical line marks the break region.
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Analysis of AT(t) dependences (Fig. 3) allowed us to determine some parameters of
paracetamol — membrane biopharmaceutical interactions. In particular, the equilibrium
paracetamol penetration into the membrane (Deq) was determined as shift of the lower peak
corresponding to equilibration time. The characteristic time of paracetamol diffusion (t) was
obtained by approximation of AT(t) dependences with descending exponents. Paracetamol
distribution over the membrane during the first 100 min of observation (nio0) reflect its
diffusion through water-lipid barriers.

The obtained parameters of biopharmaceutical interactions are collected in Table 1. They
indicate that gelatin as a compound of Actimask® increases T about threefold, but has no
obvious effect on Deg. Combination Actimask® + NAG hinders paracetamol diffusion
(lowering of n100) and diminishes Deq by 20 %. However, the tablet increases Deq by a third
(34 %) relative to the sole paracetamol.

Table 1. Parameters of biopharmaceutical interactions.

Kinetic Equilibrium
Components + min oo * Deq, K 63?,
Paracetamol 0.10 1.0 -2.6 0
Actimask® 0.37 0.9 -2.8 +8
Actimask® + NAG 0.32 0.7 2.1 -20
Tablet - - -3.5 +34

* Lower peak fraction after 100 min of equlibration

Equilibrium profiles of specific heat capacity (Cp) were obtained from corresponding
DSC thermograms (Fig. 4). The temperature regime of thermal analysis of DMPC membrane
was chosen so that to obtain information about two its intrinsic phase transitions around
physiological temperatures [36, 37] as well as to avoid peak distortion due to non-optimal
scanning rate [38]. The resulting Cp profile of the neat membrane contains two peaks. The
sharp peak at 297.5 K reflects the membrane melting and was taken as a reference. Another
one, at 288.6 K, corresponds to so-called pre-transition [36]. It disappears completely under
drugs introduction. As one can see, C, profiles of almost all systems contains a single sharp
melting peak a few degrees below the reference. It suggests that in equilibrium state
paracetamol distributes homogeneously over the DMPC membrane both in combinations with

Fig. 4. Equilibrium profiles of specific heat
capacity (Cp) for DMPC membrane containing
various compounds of the paracetamol-
glucosamine drug. The dotted line marks
position of the reference peak (melting of neat
DMPC membrane).

T K
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gelatin and with NAG. The only exception is Cp profile for membrane with the tablet which
contains an additional broad peak above the paracetamol one. It obviously indicates
individual interactions of other compounds of the drug with DMPC membrane. A small high-
temperature thermal event observed for the membrane with Actimask® may be attributed to a
membrane portion bound to sole gelatin.

The spectrum of possible underlying mechanisms of intercomponent interactions in the
tablet is rather wide [2]. Generally, it could be relay to the rate and extent of drug dissolution
and release, changes in the permeability of the membrane or in the stability of the drug. As for
paracetamol, there are literature data concerning its pharmacological interactions with
mannitol, vanillin and methylparaben [39, 40]. Besides, reducing paracetamol activity relative
to hepatocyte membranes were reported for its combinations with acetylcysteine and Ca-
pantothenate [41]. However, none of the substances listed is present in the composition of the
drug examined, so there is insufficient basis for further speculations about the effects
observed.

Thus, revealing of specific mechanisms of biopharmaceutical interactions for the
paracetamol-glucosamine drug obviously requires more detailed studies. Meanwhile, the
approach developed seems appropriate and instructive for exploring such kind of problems.

CONCLUSIONS

A new approach was developed allowing to elucidate biopharmaceutical intercomponent
interactions in drug formulations and their impact on drug-membrane interactions. It was
exemplified in a new paracetamol-glucosamine analgetic drug with reduced negative side
hepatotoxic effect of paracetamol. Series of DSC profiles obtained for phase transitions of
DMPC membrane allowed us to trace paracetamol release and distribution.

Paracetamol was established to be capable of fast and homogeneous distribution
throughout the membrane in full accordance with its known high membrane permeability. As
a part of Actimask® Acetaminophen (gelatin-coated paracetamol microgranules),
paracetamol saturated the membrane three times slower, though the equilibrium paracetamol
penetration into the membrane was the same as for the sole paracetamol within experimental
error. Such effect could be most likely attributed to hindered paracetamol release from the
microgranules.

N-acetyl-D-glucosamine, another API in the drug formulation, had no pronounced effect
on DSC profiles. Meanwhile, taken together with Actimask®, it caused diminishing of
paracetamol distribution into the membrane. The full drug formulation had slight influence on
the initial steps of paracetamol distribution comparing to Actimask® + NAG. Meanwhile, the
tablet had increased membranotropic effect in the equilibrium state which correlates well with
the previously established enhancement of analgetic effect of the drugs.

Thus, the approach developed allows accurate tracing drug release and membrane
penetration depending on a set of excipients. Generally, the results obtained prove the
rationale of the approach developed in applying to pre-clinical drug examination.
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AKTyajbHicTh. MDXKKOMIIOHEHTHI B3aeMOJil y (hapMIpenapaTax MOXYTh BiJirpaBaTH BaXJIUBY POJIb Y
BUBUIBHEHHI JIIKAPCHKOI PEYOBHHM, 11 NPOHUKHEHHI Kpi3b MeMOpaHy Ta meMOpaHoTpomHiil aii. Takum
YMHOM, HOBITHI TIpemapatH TMOTpeOyIOTh TepeBipkH ix OiodapManeBTHIHUX XapaKTEPUCTHUK.
Po3po0iieHnii HOBUiT aHABreTHYHUHN TpenapaTt Ha ocHOBI mapareramony (Actimask® Acetaminoprofen)
Ta remaronpoTekTopy N-ametmin-D-rimroko3aMiHy TOKa3aB MiABHINCHY OE3MEUYHICTh Ta IIiJCHIICHHS
ananereruuoro edekry (Ruban O., 2022). MynsTubimaposi nimigHi MemOpanud Oyno oOpaHO sK
MEPCTIEKTHBHE TECTOBE CEPEIOBHIIE 3aBAAKH iX BCTAHOBICHINH JOPEYHOCTI Ta YyTJIMBOCTI IPH BUBYCHHI
MYJIBTUKOMIIOHEHTHUX B3a€EMOJIN JIIKAPCBKUX DPEYOBMH 3 MemOpaHoro. lle cTBopmiio ocHOBY st
KIHCTHYHOTO TMIJAXOMy, SKHHA [O3BOJSIE BHSBIATH Oio(apMaIleBTHYHI B3a€EMOMII Yy MOJACIBHOMY
MEMOPaHHOMY CEPEIOBHIIII.

MeToro po6oTH OyJI0 BUABICHHS 3MiH BHBUIBHCHHS MaparieTaMolly 3 HOBOTO Mpemapary mapaneTamoli-
TJIFOKO3aMiH Ta HOro NMPOHMKHEHHS Kpi3h MeMOpaHy, a TakoX OIiHKa HPUIATHOCTI pO3pOOIIIOBAHOTO
MiIX0/1y 0 MOHITOPUHTY Oio(hapMaleBTUUHIX B3a€MOAINH Y MEMOPaHHOMY CEPEIOBHIILI.

Marepiamm i Meromm. MynbTubiniaposi memOpanu L-o-gumipucroindochaTuanixoainy Oyiu
BUKOPHCTaHI sIK OIOMUMETHYHE TeCTOBE cepeioBuiie. Metoa audepeHniaibHOi CKaHyH40i KalopuUMeTpii
OyB 3aCTOCOBaHUI1 TSI MOHITOPUHTY KIHETHKH B3a€MO/IIT JIIKAPCHKUX PEYOBUH 3 MEMOPAHOIO.
PesyabraTu. XKenatun sk ckinagoBa Actimask® migsuinye xapaktepHuil yac nudysii mapaneramorny
Maibke BTpHYI, allé HE BIUIMBAE Ha HOTrO pIBHOBOXHHUHA pO3MONT y MeMOpaHy. [mrokozamiH
IHIMBIyaJbHO HE Ma€ BHPAXEHOTO MEMOpaHOTPOMHOro e(eKTy 33 yMOB EKCIEPHMEHTY, BTIM Yy
KOMOIHAIIIT 3 )KeJTaTHHOM CYTTEBO 3MEHIIYE PiBHOBaXKHUI PO3IOALT MapareTaMoiy y MeMOpaHy, Maike
He BIUIMBAIO4M Ha ¥oro mudysito. [loBHMI HaOlp KOMIIOHEHTIB Npenapary MiIBUIYE MeMOPaHOTPOITHHIA
edext Ha 34% y MOPIBHSAHHI 3 IHIAUBIAYAILHUM MAPAI[CTAMOJIOM.

BucHoBku. [U10KO3aMiH Ta JKeJlaTMH MOXYTh BIUIMBAaTH SIK Ha KIHETH4YHI, TaKk 1 Ha PIBHOBaXHI
napamMeTpy B3aEMOJIi MapareraMoiy 3 JiMiJHOK MeMOPaHOI, TOMI SIK TOBHHIA HaOip KOMITOHEHTIB
mpemapaTry MiABHINYye edeKT TNapaneTamony, IO Jo0pe KOpeltoe 3 TONepeIHhO BCTAHOBJICHUM
MIJICUICHHSIM ~ aHaJIbreTHYHOro edekTy mnpenapary. Po3poOsroBaHuii MiaXig —JO3BOJSIE  YiTKO
BiZICTE)KYBaTH BHMBIJIBHEHHS JIIKApCHKOT PEYOBHHN Ta i1 MPOHUKHEHHS KPi3b MEMOpaHy y 3aJIeKHOCTI BiJl
Ha0Opy KOMIIOHEHTIB Ipenapary. 3arajoM OTpPHMaHi pe3yJIbTaTH IOKa3ylOTh MNPUAATHICTH JaHOTO
MiIX0/Ly IJIsl 3aCTOCYBAHHS Y NOKJIIHIYHUX JOCIIDKEHHIX (apMIpenaparis.

KJIFOUYOBI CJIOBA: HaHOCTPYKTypOBaHi Matepiaiy; MOJeNbHI JinmiaHi MemOpanu; mapaneramorn; N-anerwn-D-
IJII0K03aMiH; OiodapmalieBTHUHI B3aEMOIi; Au(epeHiialbHa CKaHyoua KaIOpUMETpisl.
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