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Abstract

	 Arbidol (umifenovir) is an indole-based antiviral compound characterized by hydrophobicity 
and limited aqueous solubility. This study aimed to establish the physicochemical profile of a 
commercial arbidol formulation as a starting material for future incorporation into a hydrogel-based 
drug-delivery system. Characterization was performed using SEM, XRD, FTIR, UV-Vis, DSC, and 
TGA/DTG. SEM revealed irregular particles, XRD indicated crystalline components, and FTIR 
bands were consistent with umifenovir, with possible contributions from excipients. UV-Vis analysis 
demonstrated solvent and pH-dependent spectral responses, with the highest recorded absorbance 
at pH 1.2 and weaker responses at pH 6.8 and 7.4. Across three nominal formulation concentrations 
of 30-50 µg/mL, the closest linear fits were obtained in 50% ethanol and pH 1.2 medium, yielding 
R2 values of 0.99803 and 0.99533, respectively. DSC and TGA/DTG revealed multiple thermal 
transitions and multistage mass loss.

Key words: Arbidol; physicochemical characterization; solid-state properties; 
UV–Vis spectroscopy; X-ray diffraction; thermal analysis.

INTRODUCTION

	 Arbidol was initially developed in Russia 
and has been employed clinically as an antiviral 
therapeutic agent since the late 1980s.1,2 Currently, 
the drug is manufactured and commercially 
distributed across several countries, particularly 
Russia and China, where it is extensively utilized 

for the prevention and treatment of respiratory 
viral infections. Arbidol has garnered considerable 
scientific attention owing to its broad-spectrum 
antiviral potential.1,3,4 Investigations involving arbidol 
and its derivatives have evaluated their activity 
against coronaviruses, including SARS-CoV-2,5 
influenza A and B viruses,1,4,6 hantavirus,4,7 herpes 
simplex virus type 2,8 and Zika virus.9
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	 I ts  ant iv i ra l  act ion predominant ly 
involves the inhibition of viral membrane fusion 
and subsequent penetration into host cells.1,3 
Investigations of resistant influenza mutants and 
structural characterization of its interaction with 
hemagglutinin have contributed to elucidating 
this mechanism.10,11 Its inhibitory activity toward 
SARS-CoV-2 has additionally been demonstrated 
in vitro,12 while the umifenovir scaffold has provided 
a foundation for the development of analogues with 
potentially enhanced antiviral properties.13

	 Chemically, umifenovir is designated as 
ethyl 6-bromo-4-[(dimethylamino)methyl]-5-hydroxy-
1-methyl-2-[(phenylthio)methyl]-1H-indole-3-
carboxylate.1,14 It is commercialized under the trade 
name Arbidol, and its hydrochloride and hydrochloride 
monohydrate forms have been documented in the 
literature.15 The molecule comprises an indole 
ring bearing hydroxyl, ester, dimethylamino, and 
phenylthio-containing substituents, together with a 
bromine atom. These structural attributes contribute 
to its polarity, intermolecular interactions, and 
crystalline organization,14-16 whereas hydrogen 
bonding and interactions with solvent molecules 
affect its dissolution behavior.16-18

	 Owing to its hydrophobic nature, the 
free-base form of arbidol exhibits poor aqueous 
solubility. Consequently, salt formation and 
inclusion complexation have been investigated to 
enhance its aqueous solubility and pharmaceutical 
performance.19-21 Solid dispersions, hydrotropic 
systems, and water-soluble polymer complexes have 
likewise been explored as alternative formulation 
strategies.22-24 This investigation was undertaken as 
a preliminary step toward incorporating the examined 
formulation into a hydrogel-based drug-delivery 
system. Characterization of the starting material 
establishes a baseline for subsequent comparisons 
with drug-loaded hydrogels, particularly concerning 
solid-state characteristics and thermal behavior. 
The UV-Vis measurements provide a preliminary 
assessment of the formulation’s spectral response 
in various media to facilitate the development of 
analytical procedures for future ]]drug-release 
studies. Figure 1a depicts the molecular structure 
of umifenovir,14 whereas Figure 1b presents the 
commercial arbidol sample employed in the present 
investigation.

MATERIALS AND METHODS

Commercial formulation and sample preparation. 
Commers ia l  fo r mu la t ion  capsu les  (JSC 
Pharmstandard-Leksredstva, Kursk, Russia; batch 
No. 10425), purchased in Azerbaijan, were used in the 
present investigation. According to the manufacturer’s 
product information, each capsule contained 207 mg 
of umifenovir hydrochloride monohydrate, equivalent 
to 200 mg of umifenovir. The declared excipients 
included potato starch, microcrystalline cellulose, 
colloidal silicon dioxide (Aerosil), povidone (Kollidon 
25), calcium stearate, and croscarmellose sodium. 
The capsule shell contained gelatin and titanium 
dioxide (E171). The capsules were opened, and 
only their powdered contents were collected for 
analysis; the capsule shells were excluded. The 
powder was examined without further grinding, 
sieving, drying, or purification. Solid-state and 
thermal analyses were therefore performed on the 
commercial capsule contents in their collected form. 
Consequently, the investigated material represented 
the complete commercial formulation containing 
both the active pharmaceutical ingredient and 
formulation excipients, rather than purified umifenovir 
hydrochloride. The same commercial capsule 
formulation was used throughout the entire study, 
and all analytical investigations, including UV-Vis 
spectroscopy, SEM, XRD, FTIR, DSC, and TGA, 
were performed using this material. 

Scanning electron microscopy (SEM) analysis
	 Scanning electron microscopy (SEM) 
examination was conducted using a SIGMA scanning 

Fig. 1: (a) Molecular structure of umifenovir14 

and (b) commercial formulation capsula used 
in this study
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electron microscope (Carl Zeiss Microscopy GmbH, 
Jena, Germany) to characterize the surface 
morphology of the commercial capsule formulation. 
Prior to imaging, the sample was coated with a 
thin layer of gold. SEM micrographs were acquired 
in secondary electron imaging (SEI) mode at 
an accelerating voltage of 20 kV and working 
distances of 19-20 mm. Images were recorded at 
magnifications of ×100 and ×200, with a scale bar 
of 100 µm.

X-ray diffraction (XRD) analysis
	 X-ray diffraction (XRD) analysis was 
conducted using a Bruker D2 PHASER diffractometer 
to characterize the crystalline characteristics and 
solid-state features of the commercial capsule 
formulation. The diffraction profile was acquired 
over a 2θ range of approximately 5-60° using Cu Kα 
radiation (λ = 1.5406 Å). The resulting diffractogram 
was used to evaluate the presence and general 
characteristics of crystalline components within the 
analyzed formulation. 

Fourier transform infrared (FTIR) analysis
	 Fourier transform infrared spectroscopy 
(FTIR) was conducted using a Nicolet iS10 FTIR 
spectrometer (Thermo Fisher Scientific, Madison, 
WI, USA) equipped with an attenuated total 
reflectance (ATR) accessory with a ZnSe crystal to 
characterize the functional groups and spectroscopic 
features of the commercial capsule formulation. 
The spectrum was acquired over the wavenumber 
range of 4000-400 cm-¹at a spectral resolution of 
4 cm-¹, with 32 scans co-added per spectrum. The 
resulting spectrum was evaluated to identify the 
principal absorption bands present in the analyzed 
formulation.

Preparation of arbidol solutions for UV-Vis 
analysis
	 Solutions of the commercial  formulation 
capsule at nominal concentrations ranging from 30 
to 50 µg/mL were prepared in dimethyl sulfoxide 
(DMSO), 50% ethanol solution, and buffer media 
at pH 1.2, 6.8, and 7.4 for preliminary UV-Vis 
spectroscopic investigation under varying solvent 
and pH conditions. The nominal concentrations were 
based on the amount of commercial capsule powder 
used for solution preparation and did not represent 
experimentally determined concentrations of 
umifenovir hydrochloride. For DMSO measurements, 

a stock solution was prepared by dispersing 5 mg of 
the commercial capsule powder in 8 mL of DMSO, 
corresponding to a nominal concentration of 625 µg/
mL. Working solutions with nominal concentrations of 
30, 40, and 50 µg/mL were prepared by transferring 
0.48, 0.64, and 0.80 mL of the stock solution, 
respectively, and diluting each to a final volume of 10 
mL with DMSO. For measurements in 50% ethanol, 
a stock solution with a nominal concentration of 
500 µg/mL was prepared by dispersing 50 mg of 
the commercial capsule powder in 50% ethanol 
and adjusting the final volume to 100 mL. Working 
solutions with nominal concentrations of 30, 40, and 
50 µg/mL were prepared by transferring 0.60, 0.80, 
and 1.00 mL of the stock solution, respectively, and 
diluting each to a final volume of 10 mL with 50% 
ethanol.

	 The pH 1.2 medium was prepared by 
diluting approximately 4 mL of 1 M HCl with distilled 
water, followed by adjustment to pH 1.2 and dilution 
to a final volume of 100 mL. For the pH 6.8 medium, 
3.0 g of potassium hydrogen phosphate trihydrate 
(K

2HPO4·3H2O) was dissolved in distilled water, 
the pH was adjusted to 6.8 using 1 M HCl, and the 
final volume was adjusted to 100 mL. For the pH 
7.4 medium, 4.0 g of (K2HPO4·3H2O) was dissolved 
in distilled water, the pH was adjusted to 7.4 using 
1 M NaOH, and the final volume was adjusted to 
100 mL. The final pH values were measured at 
room temperature. For measurements in these 
media, separate stock solutions were prepared 
at pH 1.2, 6.8, and 7.4 by dispersing 40 mg of 
the commercial capsule powder in 100 mL of the 
corresponding medium, resulting in a nominal 
concentration of 400 µg/mL. Working solutions with 
nominal concentrations of 30, 40, and 50 µg/mL 
were prepared by transferring 0.75, 1.00, and 1.25 
mL of the corresponding stock solution, respectively, 
and diluting each to a final volume of 10 mL with the 
same medium.
	
	 The solutions were prepared before UV-Vis 
analysis. UV-Vis absorption measurements were 
conducted using a UV-1800 spectrophotometer 
(Shimadzu Corporation, Kyoto, Japan) across the 
wavelength range of 190-800 nm in absorbance 
mode using quartz cuvettes with an optical path 
length of 10 mm (1 cm). The samples were filtered 
through filter paper before UV-Vis analysis. Blank 
correction was performed using the corresponding 
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Fig. 3: XRD pattern of arbidol

 

 

Fig. 2: SEM images of arbidol 
at ×100 and ×200 magnification

drug-free solvent or buffer medium for each 
measurement condition. Each solution was prepared 
once and measured three times under the same 
experimental conditions (n=3).

Differential scanning calorimetry (DSC) analysis
	 Differential scanning calorimetry (DSC) was 
conducted on the commercial capsule formulation 
using a DSC Q2000 instrument (TA Instruments-
Waters LLC, New Castle, DE, USA) fitted with a 
standard DSC cell and an RCS 90 cooling unit. 
A 2.1900 mg portion of the capsule powder was 
placed in a Tzero aluminum pan. The measurements 
were performed under a nitrogen atmosphere with 
a purge flow rate of 50 mL/min. The sample was 
cooled to -20 °C at a rate of 5 °C/min, equilibrated, 
and subsequently heated to 250 °C at 10 °C/min. 
Following equilibration at 250 °C, the sample was 
cooled to -10 °C at 50 °C/min, equilibrated, and 
then reheated to 250 °C at 10 °C/min. The resulting 
data were processed using TA Instruments TRIOS 
software, version 5.7.2.101.

Thermogravimetric analysis and derivative 
thermogravimetry (TGA/DTG)
	 Thermogravimetric analysis (TGA) was 
conducted on the commercial capsule formulation 
using a TGA 55 analyzer (TA Instruments-Waters 
LLC, New Castle, DE, USA). A 5.561 mg portion 
of the capsule powder was placed in a 100 µL 
platinum pan and heated to 800 °C at a rate of 20 
°C/min under a nitrogen atmosphere. The derivative 
thermogravimetric (DTG) curve was derived from 
the recorded TGA data to identify the temperatures 
associated with the maximum rates of mass loss. The 
resulting data were processed using TA Instruments 
TRIOS software, version 5.7.2.101.

Data processing and graphical analysis
	 Data processing, l inear regression 
analysis, and graphical presentation were performed 
using OriginPro 2019b (OriginLab Corporation, 
Northampton, MA, USA).

RESULTS AND DISCUSSION

SEM analysis
	 Scanning electron microscopy (SEM) was 
employed to assess the surface morphology of the 
commercial capsule formulation. As illustrated in 
Figure 2, the analyzed capsule powder comprised 

irregularly shaped particles with visually varying 
dimensions. The particles were largely discrete and 
displayed heterogeneous surface characteristics, 
with evident variations in their morphology.

XRD analysis
	 X-ray diffraction (XRD) analysis was 
conducted to examine the crystalline characteristics 
of the commercial capsule formulation. As presented 
in Figure 3, the diffractogram displayed several 
distinct diffraction peaks at approximately 2θ = 7.5°, 
9.3°, 11.6°, 16.5°, 19.0°, 23.2°, 25.2°, 27.0°, 29.0°, 
and 32.0°. The presence of multiple relatively sharp 
reflections indicates the presence of crystalline 
components within the analyzed formulation. Some 
of the diffraction peaks may originate from crystalline 
excipients present in the formulation.14-17,25

FTIR analysis
	 The FTIR spectrum of the commercial 
capsule formulation presented in Figure 4 displayed 
characteristic absorption bands associated with 
functional groups present in the analyzed sample. 
The broad and intense band detected at 3335 cm-¹ 
was ascribed to O-H stretching vibrations.25 The 
absorption bands located at 3180 cm-¹ and 3115 
cm-¹ were attributed to aromatic C-H stretching 
vibrations.18,20,25 Moreover, the bands at 2924 cm-¹ 
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and 2865 cm-¹ were associated with CH3 and CH2 
stretching vibrations.25 The weak absorption bands 
detected at 2724 cm-¹ and 2680 cm-¹ were observed 
in a spectral region that has been associated with 
protonated amine-related vibrations; however, 
this assignment remains tentative for the present 
commercial formulation.18 The prominent absorption 
band at 1670 cm-¹ was attributed to C=O stretching 
vibrations.20,25 Additionally, the band at 1576 cm-¹ 
was associated with aromatic C=C stretching 
vibrations.20 The absorption bands detected at 1455 

cm-¹ and 1373 cm-¹ were tentatively associated 
with C-N-related and CH3 bending vibrations, 
respectively; however, contributions from other 
components of the commercial formulation cannot 
be excluded.18,25 The peaks located at 1164 cm-¹, 
1086 cm-¹, and 1037 cm-¹ were attributed to C-O 
and C-N stretching vibrations.20 The resulting FTIR 
spectrum demonstrated the presence of these 
functional-group-related absorption features within 
the commercial formulation.18,20,25

 

Fig. 4: FTIR spectrum of arbidol

UV-Vis spectroscopic analysis
	 The UV-Vis spectra of solutions prepared 
from the commercial capsule formulation and 
recorded in DMSO (Figure 5a), 50% ethanol 
(Figure 5b), and buffer media at pH 1.2, 6.8, and 7.4 
(Figures 6a-c, respectively) displayed concentration-
dependent absorption behavior across the examined 
nominal concentration range. In all evaluated media, 
increasing the nominal concentration from 30 to 
50 µg/mL produced a corresponding elevation in 
absorbance intensity without substantial alterations 
in the overall spectral profile. The comparative 
absorbance values measured at different nominal 
concentrations in the examined solvent systems 
and pH media are provided in (Table 1). The 
resulting spectra displayed absorption bands within 
the ultraviolet region that may be associated with 
components of the commercial formulation, including 
the conjugated aromatic and heterocyclic structure 
of umifenovir hydrochloride.14,15,26

	 The pH 1.2 solution produced the highest 
absorbance intensity and more distinct absorption 
peaks. The solution prepared at pH 1.2 was 
visually clear, with no visible precipitation observed. 
In contrast, incomplete dissolution and visible 
undissolved material were observed in the pH 6.8 
and pH 7.4 media before filtration. Accordingly, the 
lower absorbance values recorded in these media 
should not be interpreted solely as differences in 
the intrinsic spectroscopic response of umifenovir 
hydrochloride. The observed differences may also 
reflect variations in dissolution behavior, ionization, 
aggregation, and matrix effects under the different 
pH conditions.27 DMSO and 50% ethanol media 
displayed comparatively well-resolved spectral 
profiles across the examined nominal concentration 
range. The maximum absorption wavelength, λmax, 
was observed at 265 nm in DMSO, 260 nm in 50% 
ethanol, 258 nm in pH 1.2 buffer, and 255 nm in 
both pH 6.8 and pH 7.4 buffers.26 Alongside the 
principal absorption band, secondary absorption 
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regions were detected at approximately 313-315 
nm in DMSO, 50% ethanol, and pH 1.2 media, 
whereas the secondary absorption region in pH 
6.8 and pH 7.4 media appeared at approximately 
275 nm and was less distinct.26,28 The maximum 
absorption wavelengths and linear regression 
parameters, including the regression equations, 
slopes, intercepts, and coefficients of determination 
(R²), are summarized in (Table 2).

	 The coefficient of determination (R²) (Figure 
7) was employed to assess the absorbance-nominal 
concentration relationship for the commercial 
formulation in different media.29 The highest R² values 
were recorded in 50% ethanol (R² = 0.99803) and pH 
1.2 buffer (R²=0.99533), indicating closer agreement 
with the fitted linear relationship over the examined 

nominal concentration range. DMSO likewise 
exhibited a high R² value of 0.98684. Conversely, 
lower R² values were recorded in pH 6.8 and pH 
7.4 buffers, with corresponding values of 0.87335 
and 0.88107, indicating greater deviation from 
linear behavior in these media.26,27 Considering the 
limited number of concentration levels investigated 
(30, 40, and 50 µg/mL), the regression analysis 
was used only as a descriptive assessment of 
the concentration-response relationship and not 
for validation of a quantitative calibration model. 
Accordingly, the nominal concentrations refer to the 
amounts of commercial capsule powder used for 
solution preparation and should not be interpreted 
as experimentally determined concentrations of the 
active pharmaceutical ingredient.

 

 

Fig. 5: UV–Vis absorption spectra of the sample in (a) DMSO 
and (b) 50% ethanol at nominal concentrations of 30–50 µg/mL

Fig. 6: UV–Vis absorption spectra of the sample at (a) pH 1.2, (b) pH 6.8, 
and (c) pH 7.4 at nominal concentrations of 30, 40, and 50 µg/mL
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Fig. 7: Calibration curves of arbidol in different media (30–50 µg/mL)

Table 1: Comparative absorbance values of arbidol in different 
solvent systems and pH media at concentrations of 30–50 µg/mL

Concentration (µg/mL) 	D MSO	 50% EtOH	 pH 1.2	 pH 6.8	 pH 7.4

             30	 1.50	 0.90	 1.22	 0.64	 0.28
             40	 1.52	 1.20	 1.74	 0.72	 0.46
             50	 1.55	 1.55	 2.40	 1.11	 0.50

Note: Absorbance values represent the mean of three instrumental measurements (n = 3) obtained 
using a 10-mm (1-cm) quartz cuvette at 265 nm (DMSO), 260 nm (50% EtOH), 258 nm (pH 1.2), and 
255 nm (pH 6.8 and pH 7.4).

Table 2: Approximate λmax and regression values of 
arbidol in different solvent systems and pH media

Parameter	D MSO	 50% EtOH	 pH 1.2	 pH 6.8	 pH 7.4

lmax (nm)	 265	 260	 258	 255	 255
Secondary absorption region (nm)	 ~313	 ~315	 ~315	 ~275	 ~275
R²	 0.98684	 0.99803	 0.99533	 0.87335	 0.88107
Slope	 0.0025	 0.0325	 0.04671	 0.0235	 0.011
Intercept	 1.42333	 -0.08333	 -0.06143	 -0.11667	 -0.02667
Regression 	 y =1.42333 	 y =-0.08333	 y =-0.06143	 y =-0.11667	 y =-0.02667
equation	 + 0.0025x	  + 0.0325x	  + 0.04671x	  + 0.0235x	  + 0.011x
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Fig. 9: TGA and DTG curves of the commercial arbidol sample

DSC analysis
	 Differential scanning calorimetry was 
employed to characterize the thermal behavior of 
the commercial capsule formulation. As illustrated 
in Figure 8, the DSC thermogram displayed multiple 
thermal events. A broad endothermic transition, with 
an onset temperature of 86.21 °C and a peak at 
100.46 °C, exhibited a normalized enthalpy of 2.0673 
J/g and was ascribed to the elimination of absorbed 
moisture and/or crystallization water associated with 
the components of the commercial formulation.16,25 
A weak thermal event was detected near 132.36 
°C, with an onset temperature of 132.93 °C and a 
normalized enthalpy of 0.021529 J/g.17,25

	 A subsequent thermal event was detected 
at 182.52 °C, with an onset temperature of 
183.03 °C and a normalized enthalpy of 0.026791 
J/g. This temperature is close to the melting 
transition reported for umifenovir hydrochloride at 

 

Fig. 8: DSC thermogram of the commercial arbidol sample

approximately 185 °C.16,17,25 An additional event 
at 219.40 °C, with an onset temperature of 219.25 
°C and a normalized enthalpy of 0.32093 J/g, may 
be associated with a subsequent high-temperature 
transformation involving thermal degradation 
and possible contributions from pharmaceutical 
excipients.25,30 The occurrence of multiple transitions 
and the complexity of the thermogram are consistent 
with the multicomponent nature of the examined 
commercial formulation.16,17,25

TGA/DTG analysis
	 Thermogravimetric analysis was conducted 
to assess the thermal stability and decomposition 
characteristics of the commercial capsule formulation. 
As illustrated in Figure 9, the TGA curve displayed a 
multistage mass-loss pattern. A minor initial mass 
loss occurred below approximately 150 °C and was 
associated with the loss of absorbed moisture and/
or volatile components present in the formulation.



2145Aliyeva et al., Orient. J. Chem., Vol. 42(5), 2137-2146 (2026)

	 The principal mass-loss process occurred 
within the approximate temperature range of 190-
350 °C. The DTG curve displayed a pronounced 
maximum near 200 °C, corresponding to the 
region of the most rapid mass loss, followed by a 
broader decomposition region at approximately 
250-300 °C. These features indicate that the thermal 
decomposition of the commercial formulation 
occurred through multiple overlapping processes. 
Above approximately 350 °C, the sample exhibited 
a slower and more progressive mass loss. At the end 
of the analysis, approximately 28-30% of the initial 
sample mass remained at 800 °C.16,17,25

CONCLUSION

	 Altogether, the complementary analyses 
provided an integrated physicochemical profile of 
the examined commercial capsule formulation, 
including its structural, morphological, thermal, and 
spectroscopic characteristics. The results describe 
the properties of the commercial formulation under 
the investigated experimental conditions and may 
serve as baseline information for future comparative 
studies.

	 Since the examined sample originated 
from a commercial pharmaceutical product rather 
than an authenticated analytical reference material, 
the observed properties may reflect contributions 
from both umifenovir hydrochloride and formulation 
excipients. Further studies using authenticated 
umifenovir hydrochloride reference material and 
relevant excipients would facilitate a more specific 
evaluation of the physicochemical characteristics 
associated with the active pharmaceutical ingredient. 
Direct drug-loading and release studies would 
additionally be required before assessing its potential 
application in hydrogel-based drug delivery systems.
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