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Abstract. The development of new dosage forms is one of the most important
tasks in pharmaceutical technology, especially in the creation of iodine-containing
antiseptics. lodophors exhibit high antimicrobial activity; however, their application
is limited by the chemical instability of molecular iodine and its ability to participate
in redox-reactions within pharmaceutical systems. Therefore, studying the influence
of dosage form components on the properties of iodophors and evaluating their
stability are important stages of pharmaceutical development. The aim of this study
was to investigate the chemical compatibility of an iodine-containing compound with
excipients used in the development of liquid and solid dosage forms and to determine
the stability of the complex in aqueous media under temperature exposure. The study
was carried out using UV-Vis spectroscopy by evaluating the influence of excipients on
changes in the absorption spectra of the iodophor. The stability of the iodine complex
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under temperature influence was investigated through changes in iodine concentration
and, since the iodophor represents a dextrin complex, through changes in the content
of reducing sugars. It was shown that mannitol, sorbitol, beta-cyclodextrin, sodium
hydroxide, and Plasdone S-630 accelerate the reduction of molecular iodine within the
iodine-containing complex. Gamma-cyclodextrin, glycerol, and citric acid demonstrated
the highest chemical compatibility in aqueous media. The stability of the complex
under temperature influence was confirmed: over 6 months, the content of molecular
iodine decreased by 14%, while the total iodine content remained unchanged. The study
demonstrates the stability of the complex under accelerated storage conditions and
expands the possibilities for the use of iodophors in the development of effective and safe
antiseptic drugs. The obtained results represent an important step toward the creation of
new pharmaceutical formulations with improved stability and reduced toxicity.
Keywords: lodophor, iodine, excipients, compatibility, stability, temperature
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Annoranus. XXana nopinik Typriepai a3ipiey ¢apManeBTHKAIBIK TEXHOIOTHSHBIH
MaHBI3/bl KOHE ©3eKTI MiHIEeTTepiHiH Oipi OoibIm TaObLIambl, acipece KypaMbIHIa
Hon Oap aHTHCeNTHKTEpAl kacay kesinae. Momodoprnap skorapbl aHTUMHKPOOTBIK
OeJceHalTiKKe We, anaiiia onapAblH KOJIIAHBUTYBl MOJEKYJIAIbIK HOATHIH XUMMSIIBIK
TYPaKCHI3AbIFBIMEH JKOHE [OpUNIK JKyielnep KypaMblHAA TOTBHIFY-TOTBIKCBI3AaHY
peakuusuiapeiHa TyCcy KaOineriMeH miektenesi. OcblFaH OalIaHBICTBI JOPITIK TYp
KOMIIOHEHTTEPiHIHNO0A0(POPKACUETTEPiHE CEPIH3EPTTEY KIHE OJaPABIH TYPAKTBIIBIFbIH
Oaranay (papMalleBTHKAJIBIK 931pJIeMEeHIH MaHbI3AbI Ke3eHaepi 0ombin Tadbansl. Ochl
3epTTEYAiH MaKcaThl — KypaMbIHAa HoJ 0ap KOCBUIBICTBIH CYMBIK OHE KAaTThI AOPLIIK
TYpJIepi 93ipieyJe KOJJaHbUIAThIH KOCHIMIIIA 3aTTAPMEH XUMUSUIBIK YHICCIMIUTITIH
3epITey JKOHE KEUICHHIH Cy OpTachlHAa TeMIeparypa ocepiHe TYpPaKThUIbIFbIH
anbIKTay. 3epTrey UV-Vis crieKTpockonus 9AiciMeH KYpri3iiim, KOChIMINA 3aTTapIbIH
HO0(GOP/IBIH KYTUTY CIEKTpIIepiHiH e3repyiHe ocepi Garananisl. Mox KeureHiHiH
TEMIIepaTypa ocepiHe TYPAaKTBUIBIFBI HOJ KOHLIEHTPALHMICHIHBIH ©3repyi OOibIHIIA,
coHpai-aKk nomoop NEKCTPUHMEH KelleH OOJNFaHIbIKTaH, TOTBIKCHI3AaHAbIPFBIII
KaHTTapAblH MOJIIEepiHiH e3repyi OoiibiHIIA 3eprrengi. MaHHUTON, COPOHUTOI,
Oema-1MKIIOEKCTPUH, HATpuil ruapokcuai skoHe Plasdone S-630 iom kypamuabl
KEIICH/IETT MOJIEKYNaJblK HOATHIH TOTBHIKCHI3NAHYBIH KeaenneTeTiHi kepcerinai. Cy
OpTachIHAA €H JKOFapbl XUMMSUIIBIK YHICCIMIUIIK eamma-IMKIOAEKCTPUH, TIHLEPUH
JKOHE JIMMOH KbIIIKBUIBIHA TOH eKeHi aHbIKTanapl. COHBIMEH KaTap, KeIICHHIH
TEeMIIepaTypa ocepiHe TYPaKTBUIBIFBl AQJENACHAl: 6 ail iIIiHAe MOJEKYyIajblK HOx
momiuepi 14 %-ra TeMeHIereHiMeH, HOATBIH >KalIbl MOIIepi e3repMeiai. 3epTrey
KEIENICTUITeH CcaKTay >KardaiaapblHAa KEUICHHIH TYPaKTBUIBIFBIH KOPCETIN, THiMAi
opi Kayirci3 aHTUCENTUKANBIK MTperapaTTapasl kacay Ke3inae nonogopiapas KoJanaHy
MYMKIHIIKTEpiH KeHeWTedi. AJIBIHFaH HOTIDKENEep TYPaKTBUIBIFBI JKaKCapThUIFaH
YKOHE YBITTBUIBIFBI TOMEHJIETUITEH KaHa AOPUIIK MpernapaTTapibl jKacay >KOJIbIHIAFbI
MaHBI3/1bI KaJaM OOJbIN TaOblIa bl

Tyiin ce3nep: Momodop, Hom, KockiMIna 3arTtap, YHICCIMAUIIK, TYPaKTHUIBIK,
TeMIeparypa
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Annoranus. Pa3paboTka HOBBIX JIEKapCTBEHHBIX (OPM SIBISETCS OTHOH W3
BOXHEHINX 3amad  (hapMarieBTHUECKOH TEXHOJIOTHH, OCOOCHHO TIPH CO3TaHHUH
Homcomep)Kalux aHTHCENTHYCCKUX MpemnaparoB. Momodopsl 001agaroT BBICOKOM
AHTUMHUKPOOHOU aKTHUBHOCTbHIO, OTHAKO WX MPHUMEHEHUE OTPAaHUYNBACTCS XUMUIECKOM
HECTAOWILHOCTBIO MOJICKYJSIPHOTO HoJa H  €ro CrIocOoOHOCTBEO BCTyNaTh B
OKHUCJIUTENbHO-BOCCTAHOBUTENBHBIE PEAKIMU B COCTaBE JICKAPCTBEHHBIX CHCTEM.
B cBsi3u ¢ 9TUM m3yueHUE BIUSHUS BCIIOMOTATEIHHBIX KOMIIOHEHTOB Ha CBOWMCTBA U
CTaOMIBHOCTH MO0 OPHBIX KOMITIICKCOB SIBIISICTCS BAKHBIM ATArIoM (hapMarieBTHIE CKOM
paspabotku. Llenbio ccnenoBanus SBISIIOCH N3yYEHHE XUMHUECKOW COBMECTUMOCTH
HonconepKallero KOMIUIEKCa CO BCIOMOIAaTeIbHBIMHU BEIIECTBAMH, MPUMEHSIEMbIMU
TIPY CO3/IaHUH KUJKUX U TBEP/IBIX JICKAPCTBEHHBIX (DOPM, a TAKKE OIIEHKA YCTOWYHBOCTH
KOMILJIEKCA B BOJHOM cpeie MpU pa3InuHbIX TEMIIEPAaTypHBIX yciaoBusx. McciaenoBanue
npoBoauin  MeTonoM Y®-pummmoit cnekrpockornuu  (UV-Vis) nyrém  aHanmusza
M3MCHCHHUM CIEKTPOB TOTIOMICHHUSI Hoaodopa B TPUCYTCTBUH BCIIOMOTATEIBHBIX
BEILLECTB. YCTOMYMBOCTh KOMIUIEKCA K TEMIIEPATYPHOMY BO3ICHCTBUIO OLIEHUBAIH I10
W3MEHEHHUIO KOHIIEHTPALUU MOJEKYISIPHOrO HOda U CONEPKAHUIO PEAyLUPYIOLIUX
caxapoB, MOCKOJBbKY HCCIEIyeMbI HoA0(op MPENCTaBiIsieT cO00H KOMITIEKC Homa C
JIEKCTPUHOM. YCTaHOBJICHO, YTO MaHHHUTOJI, COPOUTON, B-IIUKIONEKCTPUH, THAPOKCH]T
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Hatpus u Plasdone S-630 ycKopsIFOT mporiecchl BOCCTaHOBIICHUS MOJICKYJIIPHOTO Hojia B
cocrtape koMIuiekca. Hanbosee BRICOKOM XMMHUYECKOY COBMECTUMOCTBIO B BOJTHOM CpeIe
XapaKTepU30BAIUCH Y-IUKIOACKCTPUH, INTUIEPUH U TUMOHHAsI KucioTta. [lokazano, 4to
MIPU YCKOPEHHOM XPAHEHUM B TEUCHHUE LICCTU MECSIIEB COACPIKAHUE MOJICKYISIPHOTO
roma ymeHblraercs Ha 14 %, Torma Kak oOliee cojepaHue Homa ocTaércs
Heu3MeHHbIM. [loy4YeHHbIe Pe3yNbTaThl CBHJIETEILCTBYIOT O BBICOKOW CTAOMIBLHOCTH
HCCIICyEMOTO KOMIUIEKCA M PACHIMPSIOT BO3MOXKHOCTH MPUMEHEHUS no10(opoB mpu
co3nanuu 3(p(HEeKTUBHBIX M OS30MACHBIX aHTHCENTHYECKUX TpenaparoB. Pe3ynbrarhl
paboThl MOTYT OBITH MCHOJIB30BAHKI MPU Pa3pa0dOTKE HOBBIX JICKAPCTBEHHBIX (OPM C
YAYYIIEHHOW CTAOUIBHOCTHIO U CHIYKCHHON TOKCHYHOCTBIO.

KuaroueBsbie ciioBa: nomodop, MOJICKYISIPHBIN HOJ, BCIIOMOTATElIbHBIC BEIICCTBA,
XUMHUYECKask COBMECTUMOCTb, CTa0MIbHOCTh, Y®D-CIEKTPOCKOIHUS, aHTUCEITUYECKUE
Mpenaparsl, y-IUKIOJCKCTPUH

Introduction. The development of new dosage forms remains one of the
most important and rapidly evolving areas in pharmaceutical technology. Modern
pharmaceutical research is focused not only on discovering biologically active
compounds but also on improving their stability, safety, bioavailability, and therapeutic
efficacy through rational formulation design. Particular attention is currently directed
toward dosage forms capable of providing rapid onset of therapeutic action, accurate
dosing, prolonged stability during storage, and ease of administration. In this context,
the selection of suitable active substances and compatible pharmaceutical excipients
plays a critical role in the successful development of effective and stable medicinal
products (Nangare et al., 2021).

Among various biologically active substances, iodine-containing compounds attract
considerable attention due to their pronounced antimicrobial properties. Molecular
iodine exhibits broad-spectrum bactericidal, fungicidal, virucidal, and sporicidal activity
and remains effective against a wide range of pathogenic microorganisms (Makhayeva
et al., 2023). Unlike many conventional antimicrobial agents, iodine demonstrates
a low tendency to induce microbial resistance because of its multiple mechanisms
of action involving oxidation and disruption of cellular structures. For this reason,
iodine-containing preparations are widely used in medicine, surgery, wound treatment,
dermatology, and disinfection.

Despite their high antimicrobial efficacy, pharmaceutical applications of iodine-
containing compounds remain limited by several significant disadvantages. Molecular
iodine is chemically unstable in aqueous media and readily undergoes redox-
transformations leading to the formation of iodides, triiodides, and other iodine-
containing species. Such transformations may reduce antimicrobial activity and
negatively affect the stability and shelf life of pharmaceutical formulations. In addition,
aqueous iodine solutions may cause local irritation of tissues, possess an unpleasant
odor, and exhibit volatility and staining properties. Furthermore, prolonged storage may
result in gradual discoloration and formation of degradation products, complicating
pharmaceutical formulation development.

180



Volume 2, Number 467 (2026)

Literary review

lodophores have been developed as stabilized polymeric complexes capable of
binding and gradually releasing molecular iodine. lodophores improve the stability and
safety profile of iodine-containing systems while preserving high antimicrobial activity.
These complexes are able to maintain pronounced biocidal activity even in the presence
of proteins, blood, pus, and other biological materials that often reduce the efficacy
of conventional antiseptics (Wulandari et al., 2023). Recent studies have additionally
confirmed the effectiveness of iodophoric systems against antibiotic-resistant
microorganisms, including multidrug-resistant bacterial strains (Edis et al., 2024).
Consequently, iodophoresare considered promising candidates for the development of
modern antimicrobial pharmaceutical formulations.

The use of elemental iodine in the form of complex compounds provides several
important pharmaceutical advantages compared with conventional aqueous iodine
solutions. Complexation may reduce volatility, improve storage stability, decrease
irritation, and allow more controlled release of active iodine species (Moulay, 2019). In
addition, incorporation of iodine into polymeric or supramolecular systems may improve
physicochemical stability and facilitate the development of novel liquid, semi-solid, and
solid dosage forms (Kulkarni et al., 2024; Dattilo et al., 2023; Makhayeva et al., 2022).
The stability of such systems strongly depends on the nature of the complexing agent
and the interactions occurring between iodine-containing species and pharmaceutical
excipients.

Our previous investigations described a novel iodophor complex consisting of
an aqueous dextrin-based system containing molecular iodine together with lithium,
potassium, and magnesium halides (Korotetskiy et al., 2020). Dextrin was selected as the
complexing polymer due to its biocompatibility, water solubility, and ability to stabilize
iodine-containing species through intermolecular interactions. The developed complex
demonstrated high antimicrobial activity against various pathogenic microorganisms
and was additionally shown to enhance the antibiotic sensitivity of several bacterial
strains, including methicillin-resistant Staphylococcus aureus (MRSA) (Korotetskiy
et al., 2021). These findings indicate the potential pharmaceutical applicability of the
developed iodophor system.

An important stage in the development of any pharmaceutical formulation is
the evaluation of compatibility between the active pharmaceutical ingredient and
excipients. Interactions between active compounds and excipients may influence the
stability, therapeutic efficacy, dissolution behavior, appearance, and shelf life of the final
dosage form. In iodine-containing systems, such interactions are especially important
because many excipients may participate in oxidation—reduction reactions or alter
the equilibrium between different iodine species. Therefore, compatibility studies are
necessary for selecting excipients capable of preserving the stability and biological
activity of iodophoric complexes during storage.

In our previous work, compatibility of the iodophor substance with excipients intended
for direct compression was investigated using differential scanning calorimetry (DSC)
(Kabdraisova et al., 2020). However, thermal analysis alone does not fully characterize
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possible transformations occurring in aqueous systems or provide detailed information
regarding changes in iodine-containing species during storage. Spectrophotometric
methods, particularly UV—Vis spectroscopy, represent highly informative approaches
for investigating iodophors because characteristic absorption bands of iodine species
allow monitoring of chemical transformations and redox processes in solution.

Therefore, the aim of the present study was to investigate the compatibility of the newly
developed iodophor complex with pharmaceutical excipients used in the development
of solid and liquid dosage forms using UV—Vis spectroscopy. Particular attention was
devoted to evaluating the influence of excipients on the stability of iodine-containing
species during storage and under accelerated temperature conditions. The obtained
results may contribute to the rational selection of excipients and provide additional
insight into the development of stable iodine-based pharmaceutical formulations.

Materials and methods. The following equipment was used for the research:
analytical balance Pioneer PA 214 C (Ohaus, USA), automatic burette Titronic universal,
automatic titrator Basic Titrino 794 (Metrohm AG, Switzerland), Lambda spectrometer
35 (Perkin Elmer, USA), climatic chamber model KBWF 720 (Binder, Germany).

Electronic Spectroscopy. The UV spectra of the investigated systems were studied
in the UV and visible regions of the spectrum using a UV-Vis Lambda 35 absorption
spectrophotometer (PerkinElmer). The registration of the absorption spectrum in the
UV and visible regions was carried out in the wavelength range from 190 to 780 nm
(SCAN mode) using quartz cuvettes with a path length of 10 mm at a temperature of
(20 £ 1) °C with distilled water as the reference solution and using a cuvette with a path
length of 1.0 cm at room temperature.

Accelerated Stability Testing. The stability of the iodine-containing complex was
evaluated under accelerated conditions in accordance with international and national
regulatory requirements (ICH Q1A(R2) and order of the Minister of Health of the
Republic of Kazakhstan No. KP/ICM-165/2020). The complex solutions were dispensed
into 50 mL dark glass bottles and stored in a climate chamber maintained at 40 °C +
2 °C and 75% = 5% relative humidity for up to 6 months. At predetermined intervals,
samples were analyzed in triplicate to assess iodine content, iodides and the presence
of reducing sugars.

Results. Investigation of drug—excipient compatibility represents one of the key
stages in pharmaceutical development, since interactions occurring between active
pharmaceutical ingredients and excipients may significantly affect the physicochemical
stability, therapeutic efficacy, safety, and shelf life of the final dosage form. This
aspect is especially important for iodine-containing pharmaceutical systems because
the biological activity of iodine directly depends on its oxidation state and chemical
stability in solution. lodine-containing compounds are known to undergo gradual redox-
transformations during storage, resulting in redistribution between molecular iodine,
triiodide ions, iodide ions, and intermediate iodine-containing species. Therefore,
understanding the influence of pharmaceutical excipients on these processes is essential
for rational formulation development.

UV-Vis spectroscopy was employed as the principal analytical method for monitoring
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the stability of the iodophor system and evaluating interactions between the iodophor and
excipients. The method proved highly informative due to the characteristic absorption
bands of iodine species in the UV and visible regions of the spectrum. During storage of
the pure iodophor solution, gradual decreases in absorption intensity at approximately
290, 350, and 570 nm were observed together with an increase in optical density at
226 nm. These spectral changes were accompanied by progressive discoloration of the
solution and are consistent with gradual transformation and redistribution of iodine-
containing species within the system (Figure 1).
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Figure 1 — UV-Vis spectra of lodophor after 6 months of storage

The observed changes developed progressively throughout the storage period,
indicating slow but continuous redox processes occurring in aqueous media.

Polyols demonstrated a considerable influence on iodophor stability. In the presence of
mannitol and sorbitol, significant reductions in the intensity of absorption bands at Amax
~290, 350, and 570 nm were observed during storage. The spectral behavior suggests
accelerated transformation of iodine species compared with the pure iodophor solution.
However, the rate of transformation differed substantially between the two polyols. In the
presence of mannitol, spectral changes developed rapidly and the characteristic absorption
bands almost completely disappeared after approximately 2 months of storage. In contrast,
in the presence of sorbitol, similar transformations occurred much more gradually and
continued throughout the 6-month observation period (Figure 2 a,b).
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Figure 2 — UV-Vis spectra of Iodophor in the presence of excipients before and after storage

These findings indicate that the stereochemical structure of the polyol substantially
influences its interaction with iodine-containing species and the overall stability of the system.

Cyclodextrins demonstrated different effects depending on their structural
characteristics. In the presence of beta-cyclodextrin, increases in absorption intensity
at Amax ~290 and 350 nm together with a decrease at 570 nm were observed in the
initial spectra, suggesting formation of inclusion complexes and redistribution of iodine
species within the cyclodextrin cavity (Figure 2c). Nevertheless, prolonged storage
resulted in gradual decreases in the intensity of these absorption bands, indicating that
the initially formed complexes did not completely prevent subsequent transformation
of iodine-containing species during storage. In contrast, gamma-cyclodextrin produced
less pronounced spectral changes and significantly slowed the discoloration process of
the iodophor solution (Figure 2d). Even after prolonged storage, the spectra remained
comparatively stable relative to the pure iodophor solution and beta-cyclodextrin-
containing systems. These results suggest that gamma-cyclodextrin provides more
efficient stabilization of iodine-containing species in aqueous solution.

The influence of pH-modifying agents and stabilizing excipients was also
investigated. Addition of sodium hydroxide caused immediate discoloration of the
iodophor solution accompanied by disappearance of the characteristic absorption bands
of the iodine complex (Figure 3a).
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Figure 3 — UV-Vis spectra of lodophor in the presence of Plasdone S-630 and pH stabilizers (sodium

dihydrogen phosphate dihydrate, sodium chloride, sodium hydroxide, and sodium citrate dehydrate
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Similar behavior was observed in the presence of Plasdone S-630. The absence of
the characteristic absorption maxima indicates substantial destruction of the original
iodine-containing system and confirms incompatibility of these excipients with the
iodophor complex under the investigated conditions.

In contrast, sodium chloride, sodium dihydrogen phosphate dihydrate, and sodium
citrate dihydrate demonstrated comparatively milder effects on iodophor stability.
During storage, gradual decreases in absorption intensity at Amax ~290 and 350 nm
together with slight increases in optical density at 226 nm were observed (Figure 3b).
These spectral changes indicate slow transformation of iodine species rather than
rapid degradation of the system. Among the investigated excipients, sodium chloride
demonstrated the highest stabilizing effect, with the slowest spectral changes observed
during storage. Sodium citrate, on the other hand, accelerated the transformation
process more noticeably, although the system retained partial stability throughout the
observation period.

Citric acid demonstrated high compatibility with the iodophor complex. Spectral
changes observed during storage were nearly identical to those observed in the pure
iodophor solution, indicating minimal influence of citric acid on the stability of iodine-
containing species (Figure 4b). Similarly, glycerol exhibited good compatibility with
the iodophor system. During 6 months of storage, only slight differences between the
spectra of the binary solution and the pure iodophor solution were detected (Figure 4a),
indicating that glycerol does not substantially accelerate degradation or redistribution
of iodine species.
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Figure 4 — UV-Vis spectra of lodophor in the presence of glycerol and citric acid

The thermal stability of the iodophor complex was further evaluated under accelerated
and stress storage conditions. During storage at 40 °C and 75% relative humidity for 6
months, the concentration of molecular iodine gradually decreased by approximately
14%, whereas the concentration of iodides increased by approximately 12% (Figure 5).
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Figure 5 — Content in the amount of iodine (molecular iodine, iodides, total iodine), reducing sugars
in the lodophor during 6 months of storage at 40 °C

Importantly, the total iodine content remained essentially unchanged throughout the
storage period. This finding suggests that the observed changes are primarily associated
with interconversion of iodine species rather than irreversible iodine loss from the
system.

The concentration of reducing sugars increased from 1.21% to 1.42% after storage
at 40 °C for 6 months, corresponding to an increase of approximately 17%. However,
these values remained within the specification limits established for the initial material,
indicating the absence of significant degradation of the dextrin-containing system.

Under stress conditions at 60 °C, changes occurred considerably faster. Molecular
iodine content decreased by approximately 15% after only 5 days of storage, accompanied
by an increase in iodide concentration. Nevertheless, total iodine content remained
stable. These findings indicate that elevated temperatures accelerate redistribution
between iodine species but do not result in substantial loss of iodine from the iodophor
system.

Overall, the obtained results demonstrate that the investigated iodophor complex
exhibits satisfactory stability under accelerated storage conditions and that the nature of
the excipient strongly influences the rate and extent of redox-transformations occurring
within the iodine-containing system.

Discussion. The obtained results demonstrate that the stability of the iodophor system
is strongly influenced by the physicochemical properties of the excipients as well as
their ability to participate in redox reactions, hydrogen bonding, and supramolecular
interactions with iodine-containing species. Since molecular iodine exists in equilibrium
with iodide and triiodide ions in aqueous systems, even relatively weak interactions
with excipients may shift the equilibrium and affect the stability of the pharmaceutical
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formulation. UV—Vis spectroscopy proved to be a highly sensitive and informative
technique for monitoring these changes because the characteristic absorption bands
of iodine species allow direct observation of redistribution processes occurring during
storage.

One of the most important findings of the study was the different stabilizing behavior
of beta- and gamma-cyclodextrins. Cyclodextrins are known to form inclusion complexes
with hydrophobic molecules through incorporation into their internal cavities, thereby
altering the physicochemical properties and stability of active substances (Omar et al.,
2020). In the present study, beta-cyclodextrin initially promoted formation of inclusion
complexes with iodine-containing species, as indicated by changes in absorption
intensity in the UV region. However, prolonged storage demonstrated that the formed
complexes did not completely suppress gradual reduction processes. In contrast,
gamma-cyclodextrin provided greater stabilization of the iodophor system during
storage, slowing discoloration and reducing spectral changes. These differences are
likely associated with the larger cavity size and greater conformational flexibility of
gamma-cyclodextrin, which may allow more effective encapsulation and stabilization
of iodine-containing species. The obtained results are consistent with previous reports
indicating that the structural properties of cyclodextrins strongly influence the stability
of inclusion complexes and the protection of active molecules against degradation.

Polyols such as mannitol and sorbitol significantly accelerated transformation
processes within the iodophor system. Both compounds contain multiple hydroxyl
groups capable of participating in slow redox-transformations and hydrogen-bonding
interactions in aqueous media. Nevertheless, mannitol produced substantially faster
destabilization than sorbitol. Since both compounds possess identical molecular formulas
but differ in stereochemical configuration, the observed differences likely originate from
differences in molecular arrangement, solvation behavior, and accessibility of hydroxyl
groups for interaction with iodine-containing species. These findings demonstrate that
not only the chemical composition but also stereochemical properties of excipients may
influence iodophor stability.

Among the investigated excipients, sodium hydroxide demonstrated the strongest
destabilizing effect. Under alkaline conditions, rapid disappearance of the characteristic
absorption bands was observed, indicating destruction of the iodine-containing
complex. This effect can be explained by increased susceptibility of iodine species to
disproportionation and redox-transformations in alkaline media. Similar incompatibility
was observed for Plasdone S-630, suggesting that certain polymeric excipients may
interact unfavorably with iodine-containing systems. The mechanism of this interaction
may involve complexation, adsorption phenomena, or changes in the local chemical
environment surrounding iodine species.

In contrast, citric acid, glycerol, sodium chloride, and sodium phosphate exhibited
comparatively good compatibility with the iodophor complex. Particularly notable was
the stabilizing effect of sodium chloride, which demonstrated the slowest spectral changes
during storage. This stabilizing effect may be associated with the absence of significant
redox activity and minimal disturbance of iodine equilibrium in solution. Sodium citrate
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maintained partial compatibility but promoted somewhat faster redistribution of iodine
species compared with sodium chloride.

Thermal stability studies demonstrated that elevated temperature accelerates
redistribution between molecular iodine and iodide species, leading to gradual decreases
in molecular iodine concentration and increases in iodide concentration. However, total
iodine content remained essentially unchanged throughout storage, indicating that the
observed transformations represent reversible interconversion processes rather than
irreversible iodine degradation or volatilization. This finding is particularly important
for pharmaceutical development because it demonstrates that the iodophor system
retains its total iodine content even under accelerated storage conditions.

According to accelerated stability testing principles and Arrhenius-based
estimations, storage at 40 °C for several months may correspond to prolonged storage
at room temperature. Therefore, the obtained results indicate satisfactory long-term
stability of the investigated iodophor complex under recommended storage conditions.
The preservation of total iodine content together with relatively slow spectral changes
suggests that the investigated system may be suitable for development of stable
pharmaceutical formulations.

Importantly, the compatibility behavior observed in aqueous systems does not
necessarily predict behavior in solid-state formulations. In solid dosage forms, molecular
mobility, diffusion processes, and redox-interactions are substantially reduced, which
may improve compatibility between iodine-containing compounds and excipients that
appear incompatible in solution. Therefore, further studies using infrared spectroscopy,
differential scanning calorimetry, and solid-state analytical methods will be necessary
to comprehensively evaluate the suitability of these excipients for formulation
development.

Conclusion. The compatibility of the iodophor complex with selected pharmaceutical
excipients was evaluated using UV-Vis spectroscopy as a sensitive analytical method
for monitoring changes in iodine-containing species during storage. The obtained results
demonstrated that the nature of the excipient significantly influences the stability of the
iodophor system and the rate of redox-transformations occurring in aqueous media.

Among the investigated excipients, gamma-cyclodextrin, glycerol, and citric acid
exhibited the highest chemical compatibility with the iodophor complex and provided
the greatest stability during storage. These excipients caused minimal spectral changes
and effectively preserved the characteristic absorption bands of the iodine-containing
system. In contrast, sodium hydroxide and Plasdone S-630 demonstrated clear
incompatibility with the iodophor, resulting in rapid destruction of the active iodine-
containing complex.

Accelerated stability studies showed that prolonged exposure of the iodophor to
40 °C resulted in an approximately 14% decrease in molecular iodine content, while
the total iodine concentration remained essentially unchanged. These findings indicate
that the observed changes are primarily associated with redistribution between iodine
species rather than irreversible iodine loss from the system, confirming satisfactory
stability of the complex under accelerated storage conditions.
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Based on Arrhenius-based estimations and accelerated stability testing principles,
storage at 40 °C for 3 months approximately corresponds to 6-9 months of storage at
25 °C, whereas 6 months at 40 °C is equivalent to more than 1-1.5 years of storage at
room temperature. Therefore, the investigated iodophor system demonstrates promising
stability characteristics for potential pharmaceutical applications.

The obtained data are of practical importance for the development of iodine-based
pharmaceutical formulations, particularly liquid dosage forms requiring long-term
chemical stability of iodine species. Furthermore, the results provide additional insight
into the influence of excipient structure and physicochemical properties on the stability
of iodophoric systems.

However, since the present study focused primarily on compatibility in aqueous
media, further investigations are required to evaluate the behavior of the iodophor in
solid-state formulations. Future studies will therefore include additional analytical
techniques, including infrared spectroscopy (IR) and differential scanning calorimetry
(DSC), to investigate interactions between the iodophor and excipients in the solid
phase. Particular attention will be paid to excipients that demonstrated incompatibility in
solution but may still be suitable for solid dosage forms prepared by direct compression,
where molecular mobility and redox-interactions are considerably reduced.
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