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Abstract: This study focuses on developing a polymer—clay hybrid system using
Georgian bentonite clay (Tikha—Ascane, TA) and Carbopol (CA) as a carrier for
essential oil (EO) derived from Matricaria chamomilla L. cultivated in East
Georgia. EO was extracted via hydrodistillation and characterized using GC-MS
and FTIR techniques. The CA—TA and CA-TA-EO formulations were evaluated
for key physicochemical parameters including pH, viscosity, rheology,
spreadability, compatibility, moisture loss, uniformity, and stability. The EO yield
was 0.3% from air-dried plant material. The main components were bisabolol
oxide A (38.2%), a-bisabolol oxide B (12.91%), (cis)-B-farnesene (11.8%), a-
bisabolol /(8.83%), spathulenol (2.27%), chamazulene (1.99%), cis-ene-yne-
dicycloether (6.51%), and B-copaene (0.38%). These results suggest that the local
chamomile chemotype is rich in bisabolol oxide A. The optimized hydrogel
formulation was homogeneous, stable, and demonstrated favorable rheological
properties, suitable for topical application. Chromatographic analysis confirmed
the successful incorporation of EO into the gel, which achieved an encapsulation
efficiency of 58.34%. Overall, the study confirms the compatibility of Georgian
bentonite clay with CA polymer, forming an effective matrix for volatile oil
delivery in semisolid dosage forms.

Keywords: Matricaria chamomilla; Tikha — Ascane; essential oil-bentonite
hybrid

INTRODUCTION

Essential oils (EO), which are complex mixtures of volatile compounds,
possess numerous bioactivities and have potential applications in several industries
such as pharmaceutical, cosmetics and medicine. The content and chemical
composition of EO is different and depends on many factors such as geographical
locations, climate, season of sampling, method of extraction.! Matricaria
chamomilla EO (MEQO) exhibits strong anti-inflammatory, antioxidant,
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antimicrobial and antiviral and is classified as Generally Recognized As Safe
(GRAS) by the FDA.? It is widely utilized to treat various bacterial skin infections.
However, its high volatility and instability, necessitate a delivery approach that
improves stability and minimizes rapid evaporation to preserve its therapeutic
benefits.>*

One potential solution to this issue is encapsulation essential oils within
inorganic matrices, such as clay minerals. Clays, like bentonite are widely used as
pharmaceutical ingredients or carriers due to their biocompatibility, interlayer
spacing, thermal and chemical stability. The high specific surface area, excellent
ion-exchange capacity, natural abundance, and cost-effectiveness of bentonites
make them efficient carriers for volatile oils. Loading EOs into the silicate, lowers
the evaporation or slows the mass transfer of volatile components to the external
environment. Encapsulating various types of EOs into bentonite is an efficient way
to prepare novel hybrids with antifungal ‘and antibacterial properties. Numerous
studies have focused on developing EO—bentonite composites using a variety of
essential oils. The use of these clays as delivery systems for essential oils
represents a novel and promising approach.*®

Over recent years, polymer-clay hybrid materials have been widely utilized in
drug delivery systems due to their enhanced technological properties, including
rheology and drug incorporation efficiency. These materials combine the
advantages of both' components, such as swelling, water absorption, and
bioadhesion.” Also, polymer-based topical hydrogels are a promising drug delivery
system for hydrophobic compounds.®

In this study, we describe for the first time the synthesis of carbopol based gel
with EO obtained from Matricaria chamomilla L. cultivated in Georgia and
intercalated in Tikha — Ascane (TA). TA is Georgian bentonite clay preparation
obtained from the Askana Deposit (Ozurgeti region, Georgia) and investigated at
the I. Kutateladze Institute of Pharmacochemistry (TSMU). The biomedical and
pharmaceutical applications of TA have been approved by national public health
authorities. Based on this preparation various dermatological formulations have
been developed at the Institute of Pharmacochemistry (TSMU).>°

EXPERIMENTAL

Preparation Tikha Ascane (TA) obtained from Georgian bentonite clay was available in
the Pharmaceutical Technology Direction (I. Kutateladze Institute of Pharmacochemistry,
TSMU). Carbopol 940 (CA) and methanol (catalog no. 34860) were purchased from Sigma-
Aldrich (St. Louis, MO, USA); n-hexane was obtained from Carl Roth (Karlsruhe, Germany),
and calcium chloride anhydrous granules were supplied by Merck (Darmstadt, Germany). All
other solvents or chemicals obtained from commercial sources were of analytical grade.

Plant material

Matricaria chamomilla L. aerial parts, cultivated in Shiraki (41°17' 38N, 46° 20' 27E, 595
m asl Kiziki Floristic Region, Georgia) were collected in early June. A 120 g air-dried sample
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was crushed and hydro-distilled for 2 h (1:5 herb-to-water ratio) using a Clevenger-type
apparatus. The resulting dark blue essential oil with a distinct aroma was stored at 4 — 5 °C until
analysis.

Qualitative and quantitative analysis of essential oil

MEO constituents were analysed using an Agilent GC-MS system (GC 7890B with 5977A
mass detector) having HP-5MS UI column (30 m x 0.25 mm i.d.; film thickness 0.25 um). A 1
pL sample (1:100 v/v in hexane) was injected with a split ratio of 1:150, using helium as the
carrier gas (1 mL/min flow, 3 mL/min purge). The oven was programmed from 140 °C to 215
°C at 3 °C/min, held for 4 min; injection temperature was 250 °C. MS detection was performed
in TIC and SIM modes (70 eV, 40-550 amu). The relative content of each compound was
expressed as a percentage of the total chromatographic area, based on the mean of three
replicates. Identification was done by comparing retention times and mass spectra with the NIST
database."

Characterization of MEO

MEQO volatility was evaluated by exposinga specified quantity to the lab ambience (room
temperature, 55 £ 5% RH), with weight loss assessed at 3, 24, 48 and 120 hours.!?

Preparation of gel base and formulation

The CA-TA gel base was prepared using 1.5% w/w CA and 2% w/w bentonite in an
optimized 80:20 ratio. A 1% concentration of essential oil was selected based on prior data,
yielding hydrogels with desirable rheological properties, stability, and ease of application.!* To
prepare the gel, 2 g bentonite was dispersed in 4 mL of deionised water, followed by
incorporation of MEO. With continuous stirring, the remaining water was gradually added and
the MEO-loaded clay dispersion was mixed with the 1.5% CA gel to obtain the final hydrogel.

Characterization of formulations

Appearance and homogeneity: Physical appearance and homogeneity were evaluated
through visual inspection.'*

pH Determination

pH of all samples was determined at room temperature using a digital pH-meter (Model
MW 150 MAX) immediately after preparation and during stability studies. The electrode was
immeresed into the undliluted formulations for 2 min, and the readings were recorded in
triplicate. \'?

Viscosity measurement and rheological properties

A rotational viscosimeter (Brookfield viscometer) was used to determine the viscosity of
the samples at 25 + 2°C with a spindle speed at 10 rpm. The rheograms were evaluated by
plotting the obtained values of shear stress versus shear rate.'

Determination of spreadability

The spread ability of the samples was evaluated using two sets of glass slides (20 X 20
cm). 0.5 g formulations were weighed and placed within a circle of 1 cm diameter pre-marked
on a glass slide. Second glass plate was positioned on it forming a sandwich arrangement. A
weight of 500 g was placed on the upper plate for about 5 minutes and diameters of spread
circles were assessed.

Spreadability index (Si) was calculated using Formula (1), results were obtained in relation
to applied mass and spreading area.'*
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Si=d?x7 1)

Where: d = diameter (mm)
Spreadability factor (Sf) was calculated using the Formula

A
Sf == @
Where: A = total area (mm?); W = total weight (g).

FTIR spectroscopy

FTIR analysis was conducted to inspect the compatibility of active components with
excipients. Spectra of MEO, TA, and Carbopol 940 were recorded for both unloaded and loaded
gel formulations in the 400—4000 cm™ range using a Jasco 600-IR spectrometer with a DTGS
(Deuterated Triglycine Sulphate) detector and KBr beam splitter. The essential oil was
equilibrated at ambient temperature before analysis, and the resulting spectra were used as
spectral fingerprints.

Determination of percent MEO content

Before GC-MS analysis the samples were pretreated as follows: 0.1 g CA-TA-MEO gel
or 2.5 ug of MEO were mixed with methanol, filtered through a 0.45 pum filter, and 5 pL of the
resulting solution was injected into the GC inlet via a split/splitless injector.

Percentage moisture loss

The accurately weighed samples (2 g) were kept in a closed desiccators containing
anhydrous calcium chloride and reweighed after three days.'? The percentage moisture loss was
assessed using the following equation

Wo— Wy

wW =

x 100 (3)

Wo
Where: wo = initial weight (g); w:= final weight (g).
Optical microscopy

Light microscopy was used to study the microscopic characteristics of the optimized
formulations. Samples were placed onto a microscopic slide and uniformly spread with a
coverslip. The cover slipped slides were observed at room temperature under optical microscope
(Carl Zeiss Jena CF250) at 350x magnification and photomicrographs were captured on a
laboratory PC.!2
Centrifugation test

The centrifugation test was carried out to evaluate phase separation. A 2 g sample was
spun at 5000 rpm for 10 minutes at room temperature in a 15 mL tube.

Statistical analysis

All analyses were performed in triplicate, and the means and standard deviations of the

experimental data were calculated using Microsoft Office Excel.
RESULTS AND DISCUSSION
Composition of essential oil.

Average yield of the oil from the dry chamomile aerial parts was calculated as
0.3% (w/v). The components in the oil were examined using instrumental
conditions set on the GC-MS and identified using direct mass spectral comparison.
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The qualitative and quantitative characteristics of MEO that were evaluated by the
GC-MS -analysis is depicted in Fig. 1.

The major constituents were discovered to include - bisabolol oxide A
(38.2%), a-bisabolol oxide B (12.91%), (cis)-B-farnesene (11.8%), a-Bisabolol
(8.83%), Spathulenol (2.27%), chamazulene (1.99%), cis-ene-yne-Dicycloether
(6.51%) and P-copaene (0.38%). These findings classify the East Georgian
chamomile oil as a bisabolol oxide A chemotype. Bisabolol oxide A, a
sesquiterpenoid, is recognized for its broad spectrum of biological activities,
including anti-herpetic, antipruritic, antimicrobial, cytotoxic, and antileishmanial
effects.'®
FTIR analysis

Essential oils are complex mixture comprising volatile and aromatic
compounds, often associated with a wide range of functional groups. In the present
study, MEO was found to contain ethers, amines, carboxylic acid, aromatics,
alkanes, aldehyde carbonyl, aldehyde and alcohols (Fig 2). The matchings of
related analogous groups were achieved by using frequency data available in the
literature.'”*?
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Fig. 1. GC-MS profile of essential oil extracted from dried chamomile aerial parts

The FTIR spectrum of MEO showed characteristic bands corresponding to its
main components. A broad band at 3200-3600 cm™ indicated O-H stretching from
alcohols and phenols.'®' A peak at ~2926.45 cm™ matched to C—H stretching in
alkanes.’”* The band at ~1717 cm™ was assigned to the C=0O stretch of matricin,
with low intensity suggesting its convesion to chamazulene and carboxylic
derivatives.?"?? Peaks at ~1631 cm™ and 1660.41 cm™ indicated C=C stretching of
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alkenes (e.g., farnesene), while ~1579 cm™ was assigned to aromatic C=C
vibration, 9?7?2723

Bands at ~1454 and 1375 cm™ reflected CH: and CHs deformation, poessibly
from a-bisabolol and its oxides.'*?*2* A peak around 1227 cm™ corresponds to
esters and phenolic C-O stretching,** Bands between 1177-1016.3 cm™
corresponded to alcohol or ether C-O stretches, including signals from cis/trans-
en-yne-dicycloether.?** Peaks in the 1092-899 cm™ range matched a-bisabolol
(tertiary alcohols) while ~978 cm™ indicated methylene or aromatic in-plane
bending, 22325 Finally, peaks between 899-802 cm™ were attributed to out-of-
plane aromatic C-H bending.?!*

CA+TA+MEO

Fig. 2. FTIR spectra of the tested samples
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The volatilization test revealed that free MEO exhibited weight losses of
20.3%, 50.8%, 53.0%, and 54.7% after 3, 24, 48, and 120 h, respectively,
confirming its high volatility and highlighting the limitations of conventional
encapsulation strategies. Bentonite clays, due to their unique layered  structure,
can effectively interact with essential oil molecules.?® In this study, the interlayer
space of bentonite was activated in water, followed by mechanical intercalation of
MEO. This approach enabled successful incorporation of oil into the clay
framework, as confirmed by volatilization assays and light microscopy (Fig. 3).
Encapsulation of MEO within the bentonite matrix reduced its volatilization by
65.26%, 65.32%, 68.68%, and 68.94% at 3, 24, 48, and 120 h, respectively,
compared to the free, unencapsulated oil, thereby demonstrating enhanced stability
and decreased volatility.

As visualized in Fig. 3C, dark, spherical droplets of MEO are spread
throughout the well-dispersed carbopol-bentonite matrix, and the network
structure of the hydrogel is able to protect essential oil from evaporating. After
addition of Matricaria chamomilla EO, the structure of CA-TA system changed,
showing a fibrous-like network, which can be expected as a result of the
interactions of matrix components with MEO compounds.

Microscopic analysis of the formulations (Fig. 3) showed that the CA-TA-
MEO system exhibits a nearly monodisperse microstructure with small,
homogeneously dispersed oil droplets. Droplet size is known to influence the
physicochemical stability and mechanical properties of emulsion gels. Generally,
smaller droplets with a narrow size distribution improve physical stability.?’

Fig 3. Light microphotographs of tested samples. A — TA; B - CA-TA matrix; C — MEO
loaded hydrogel (1% w/w)

The optical microscopy images of the hybrid microstructure of bentonite
modified carbopol gel (Fig. 3B) showed a non-uniform texture. The existence of
non-homogeneous areas affirmed the interaction between TA and the polymer
chains, providing appropriate interconnected architecture in the system. Also, Fig.
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3A shows the heterogeneous texture for the aqueous TA suspension (2% w/w),
typical of bentonite gels due to the clay platelets' tendency to form a structured
network.

The outcome of this study showed that TA clay and the CA polymer are
compatible with one another, leading to the formation of stable [TA+CA] matrix
suitable for the incorporation of essential oil.

Characterization of formulations

Prepared gels were found to be blue in colour, homogeneous and in good
appearance. The gel has the characteristic odor of the essential oil of Matricaria
chamomilla.

pH Determination

The pH values of the prepared formulations are given in Table I.

The results suggests that CA-TA-MEO gel is skin-compatible and suitable for
topical use.?® The initial pH of bentonite suspensions ranged from 8.6 to 9.0,
whereas the pH of CA-TA formulations remained between 6.5 and 6.71, and that
of carbopol gels ranged from 6.47 to 6.63.

Table 1. pH, spreadability, and moisture Loss of the formulations

Samples pH (mean£SD*) Sf, mm ?/g (mean + SD¥*) w, %
2% TA 8.84+0.12
1.5% CA 940 6.53.40.06 6.89 £0.52 3.33£0.05
CA-TA 6.58 = 0.09 6.39 £0.52 4.59+0.04
CA-TA-MEO 6.57£0.04 7.16 £0.33 3.76 £ 0.03

*Standard deviation, n=3
Viscosity measurement and determination of rheological properties

The  viscosity and rheology of semisolid formulations influence their
application behavior and spreadability. The highest viscosity was observed for the
bentonite-modified carbopol gel (78,933 cP), while the MEO gel possessed the
lowest viscosity (52,267 cP). Bentonite increased the viscosity, whereas MEO
incorporation into the CA-TA matrix resulted it (Fig. 4A).

The viscosity of the CA-TA-MEO gel was assessed at different speed rates;
the rheological profile of formulation demonstrated a shear-thinning behavior,
where viscosity decreased with increasing shear rate — indicative of a non-
Newtonian, pseudoplastic system (Fig. 4 C and D).

This property is advantageous for topical applications, as it enables reduced
resistance during spreading while maintaining structural integrity at rest. The MEO
gel also displayed an insignificant hysteresis loop, indicating negligible thixotropic
properties, a typical feature of carbomer-based gels. Such behavior enhances
application consistency, and storage stability.?*-3
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Determination of spreadability

The effectiveness of topical formulations relies on uniform spreading to
ensure accurate dosing and ease of application. Spreadability, a key parameter for
semisolid dosage forms, is inversely related to viscosity - a decrease in viscosity
leads to improved spreadability. A good spreadability for gel formulations is
considered to lie within the 2500-4900 mm? range.*' As shown in Figure 4B and
Table I, the CA-TA-MEO gel, with the lowest viscosity, exhibited the highest
spreadability index (3579.21 mm?) and factor, indicating favorable spreading
properties suitable for topical use.

CA-TA-MEQ A CA-TA-MEO B
CA-TA CA-TA
A CcA

3000 3200 3400 3600 3800

o 20000 40000 60000 20000

Viscosity (cP) Spreadability index (Si), mm?*
6000
c 5400 +
5000
— 4050 +
— 4000 4 o
3 £
Wl
Z3000 - 2 2700 4
fa i
2 @
= 2000 + =
Y1350 +
1000 +
0 } } | 0 f f } f
o 10 20 30 0 5 10 15 20

Sharerate (57) Sharerate (s7')

CA-TA-MEO ‘ CA-TA

Fig.4. Evaluation of the physical properties and rheological behavior of samples: (A)
viscosity, (B) spreadability measurements, (C) viscosity of at different shear rates, and (D)
flow profile of CA-TA—EO gel, and (E) visual presentation of CA-TA and CA-TA-EO
formulations.
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FTIR analysis of samples

Infrared spectra of the optimized formulation confirmed the absence of any
form of incompatibility among the components. FTIR analysis also contributed to
verify the presence of MEO into the TA-CA gel matrix. Similar to the spectra of
CA and TA-CA, the TA-CA-MEO formulation exhibited the characteristic
absorption bands of pure CA and TA-CA. The encapsulation of essential oil by the
TA- CA matrix could be evidenced by the appearance of additional specific bands
corresponding to components present in MEO (Fig. 2). Bands at 2927.41 and
2853.17 cm™ characteristic of the C—H stretching vibrations of alkanes, were
displayed only in the TA-CA-MEO gel. Moreover, absorption peaks at ~1700,
1177 and 899 cm™ in Fig. 2 were corresponded to the C=O, stretching of
aldehydes, C-O stretching of ethers, and C—H bending of aromatic compounds,
respectively.?

In the infrared spectrum of Carbopol 940 the characteristic peaks of O—-H
stretch at 3306.36 cm ™! and C-O stretch at 1407.78 cm ™! were observed; the peak
at 2932.23 cm ! represents CH: stretching, whereas 1450.21 cm ™! peak shows the
presence of the acrylate back bone (Fig. 2). It is also noted that similar peaks were
found in the spectra of the hybrid matrix and TA-CA-MEO gel, confirming the
structural integrity of the polymer within the formulation.*?

The bonds at 3467.87 em ! and 3620.21 cm™' in the spectrum of original TA
are characteristic of Si-OH and Al-OH stretching vibrations in bentonite. A sharp
peak at 1044.26 cm™! is associated with Si—O stretching vibration. Compared to
the original bentonite, the Si—O absorption peak shifts to a lower wavenumber in
the hybrid matrix spectrum, while in the TA-CA-MEO formulation, it moves to a
higher wavenumber with reduced intensity—indicating gel network formation.
The small peak at 912.16 cm™' is attributed to the bending vibration of —OH in Al
Al-OH, a characteristic feature of bentonite.>* As shown in Fig. 2, the peak at
791.15 em™! represents Al-Mg-OH vibrations, while the peak at 620.00 cm™!
corresponds to Mg-O-Si or Fe-O-Si groups. Peaks at 528.4 and 461.38 ¢cm™! are
related to Al-O and Mg-O, respectively.>

FTIR spectral analysis of the essential oil, bentonite, and Carbopol 940,
confirmed that the characteristic peaks of the essential oil were preserved in the
gel formulation, indicating no significant interactions among the formulation
components.

Determination of percent MEO content

GC-MS analysis revealed comparable chromatographic profiles across tested
formulations, verifying the presence of characteristic constituents of Matricaria
chamomilla EO (Fig. 5). The MEO content in the CA-TA-MEO gel assessed as a
function of initial EO loading, averaged 58.34%.
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Fig.5. GC-MS Chromatograms of Pure MEO (A) and CA-TA-MAO gel Formulation (B)

Despite the simplicity of the formulation process, a reduction in MEO content
was observed, likely due to volatility or process-related factors requiring further
investigation. To date, no studies have reported the encapsulation efficiency of M.
chamomilla EQ in bentonite-based gels or CA-TA system specifically. However,
EE values for other essential oils range from 47.69% to 57.8%, depending on
formulation variables, polymer type, and analytical methods.>* The EE observed
here aligns with these findings, indicating that the CA-TA system forms a stable,
well-structured matrix capable of effectively encapsulating MEO.

Percentage moisture loss

Water content is fundamental for hydrogel integrity and solubility, as
evaporation significantly alters hydrogel properties.** Moisture loss analysis
(Table I) showed that CA-TA-MEO had the lowest loss, which is advantageous
for preserving the gel’s physical properties during storage. Centrifugation tests
further confirmed the physical stability, with no phase separation observed.

CONCLUSION

Matricaria chamomilla essential oil (MEO) demonstrates a wide range of
pharmacological activities; however, its high volatility and chemical instability
hinder its direct application in topical formulations. Furthermore, MEOs
composition can vary significantly depending on factors such as geographical
origin, climate, harvesting season, and extraction method.
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This study developed and evaluated a Georgian bentonite clay (TA)-polymer
system for topical delivery of volatile oils. The gel was formulated with Carbopol
(CA) and MEO-TA hybrid. Analysis confirmed that East-Georgian chamomile
cultivars belong to the bisabolol oxide A chemotype, with major constituents
including bisabolol oxide A, a-bisabolol oxide B, (cis)-B-farnesene, a-bisabolol,
spathulenol, chamazulene, cis-ene-yne-dicycloether, and B-copaene.

To minimize evaporation and slow the mass transfer of volatile components
an MEO-TA hybrid was incorporated into a 1.5% Carbopol gel. The resulting
MEO-TA-CA formulations satisfied key requirements for semisolid dosage forms,
including uniformity, physical stability, and suitable rheological behavior. EO
droplets were well-incorporated and evenly distributed into the matrix. FTIR
analysis confirmed the preservation of MEO’s characteristic peaks, indicating the
absence of undesirable interactions between the formulation components.

The prepared gel showed a significant encapsulation capacity for MEO, rich
in bisabolol oxide A - a bioactive compound with anti-herpes, antipruritic, and
antimicrobial properties - highlighting the potential of Georgian bentonite clay—
polymer systems for topical delivery of volatile oils.

U3BOJ

XUBPUJIHU CUCTEM I'PY3UJCKU BEHTOHUT — ITIOJITUMEP KAO HOCAY 3A ETEPUYHO
YJbE Y TOITUKAJTHUM ITPUMEHAMA

LIA TSIKLAURI', ANA JANEZASHVILI', MALKHAZ GETIA?

'Department of Technology of Pharmaceutical Products, Biologically Active Additives & Cosmetics, >Department
of Pharmaceutical Analysis & Standardization, Iovel Kutateladze Institute of Pharmacochemistry, Tbilisi State
Medical University, Thilisi, Georgia. 0ZGE GOK, GUL AKAR SEN

Llwmp oBOr paga je dvo pa3Boj XHUOPUOHOr CHCTEMA MOJMHUMEP — IJIMHA Kopulrhemem
rpy3ujckor 6enronura (Tikha—-Ascane, TA) u nonumepa Carbopol (CA) kao Hocaya 3a eTepUYHO
yibe (EQ) nobujeno ns kamunuue (Matricaria chamomilla L.) koja je y3rajana y Ucrounoj ['pysuju.
EO je excTpaxoBaHO XUIPOAECTUNALNjOM U OKapakTeprucaHo mpumeHoM GC-MS u FTIR TexHuka.
Onpehenu cy oCHOBHM (pU3HUUKO-XEMU]jCKHU apaMeTpH popmynanyja CA-TA u CA-TA-EO, xao
mTo cy pH, BHUCKO3HOCT, peosordja, paclpoCcTUpame, KOMMATUOWIHOCT, TyOWTaK Biare M
crabunHocr. [Tpunoc EO je duo 0,3% u3 duspHOT MaTepHjana Koju je cylieH Ha Ba3nyxy. [71aBHe
KoMnoHeHTe cy ducadomomn-okcun A (38,2%), a-ducabomon-oxcun b (12,91%), (cis)-B-dapHecen
(11,8%), o-ducabomon (8,83%), cmatynenon (2,27%), xamasyneH (1,99%), cis-en-in-
muuukinoeTap (6,51%) u B-xomnaeH (0,38%). OBU pe3ynTaTy Cy OKa3asH [ia je JIoKaJlHa KaMUInLa
Oorara Oucadonon-oxkcugom A. Ontumu3oBaHa xugporesn Gopmysaundja je duna XOMOTeHa,
craduiHa, ca JOOPHUM PEOIOLIKUM CBOjCTBUMA, TIOTOIHA 33 aKTyesHe IpuMeHe. XpoMaTorpadceka
aHaJIM3a je MOoTBpAU/IA YCIelHo HHKopriopupame EO y ren, ca edpukacHourhy umodunusanuje ox
58,34%. I'eHepanHo, OBa UCIIMTHBaba Cy N0Ka3asa Ja je rpy3ujcku DeHTOHUT KOMITaTUOMIaH ca
CA nonumepom U fa popmupa edHKacaH MaTPUKC 338 UCIIOPYKY €TEPUYHOT YIba y MOTYYBPCTOM
00ITUKY.

(ITpumsseno 13. Maja; pesuaupano 18. jyna; npuxsaheno 25. HoBembpa 2025.)
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