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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnukachl ¥ ITTHIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokonbCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE JICKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

9/IEKEHOB Cepra3pl MbIHkacapyJibl (0ac peaakTOpAbIH OpbIHOACAPHI), XUMUS FHUTBIMIAPBIHBIH
nokropsl, mpodeccop, KP YFA akanemuri, «@utoxumus»y XaabIKapaiblK FAUIBIMA-OHIPICTIK XOIIUHTIHIH
nupexropsl (Kaparannsl, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMIAPBIHBIH
JoKTopbl, podeccop, berapycs YFA akanemuri, KaHa marepuaniap XUMHUsICbl HHCTUTY TBIHBIH KYPMETTi
nupexropsl (Munck, beapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FHUIBIM aKaJeMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHMKa
MHCTHTYTBIHBIH 3epTXaHa MeHrepyici (Onomoyn, Yexus) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Dapadu areiHgarsl Ka3Y Y-npiy Oipiamn npopektopsl (Anmarsl, Kazakcran) H =11

XOXMAHH [axymut, Ceren yuuepcuteTiHiH PapmaneBruka (akynsreTiHiH DapMakorHO3us
KadenpachHbIH MeHrepymrici, JKaparbuiblcTaHy FBUIBIMIAPBIHBIH IOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD pokTopsl, Muccucunu yHUBEpCUTETIHIH OCIMIIK @HIMIEPIH FHUIBIMH 3epTTCY
YITTBIK opTansirel, Papmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSTHCKHAW Buramuii, punocodus gokropsr (PhD, dapmariesr), Peaunr yHuBepCHTETIHIH
npodeccops! (Peaunr, Anrmus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
xoppecnionaenT-mymreci, Kasakcran PecmyOmukacst Wugyctpust skoHe WH(PAKYPBUIBIMABIK —JaMy
muHuCTpiiri (Anmarsl, Kazakcran) H =13

DAPYK Acana Jlap, Xamuap ans-Mamxnaa HIsFsic MeviHa KoJulepKiHIH Tpodeccopsl, Xamaap
yauepcuteTiHig Lprpic Mmequimaa akynsreti (Kapaun, [Tokicran) H =21

DA3BIJIOB Cepik JIpaxmMeTyJ1bl, XUMHS FbUIBIMAAPBIHBIH JOKTOPSL, podeccop, KP ¥YFA axanemuri,
OpraHuKaiblK CHHTE3 JKOHE KOMIP XUMUSCHl MHCTUTYTHI JTUPEKTOPBIHBIH FHUIBIMH KYMBICTAp JKOHIHIET
opsrabacaps! (Kaparauasl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XUMHUS FBHUIBIMIAPBIHBIH JOKTOpPBI, Tpodeccop,
Keipreiscran ¥FA akagemuri, KP ¥FA Xumust xoHe XUMUSUIBIK TeXHOJOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [Ixxypadaii XaauKoBHY, XUMHUs FBUIBIMIAPBIHBIH JOKTOPBI, npodeccop, Toxikcran FA
axanemuri, B.M. Huxurun areparsr Xumust nHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJINEB Barug Memkuaoribl, XUMUs FEUTBIMIAPBIHBIH TOKTOPEL, Tpodeccop, ¥FA akamgemuri
(Baky, O3ipoaiixan) H= 13

T'APEJIMK Xempa, ¢unocodus noxrops! (PhD, xumms), XanelkapaablK Taza jKoHE KOJAAHOAIBI
XHMMHSI OJJaFbIHBIH XHUMHUS JKoHE KoplIaraH opra OemimMiiH npesunenti (Jlongon, Arrmms) H = 15
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KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3uaeHT HarmonansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarer, Kazaxcran) H =4

Penaxuuonnas xosuierus:

AJIEKEHOB Cepraspsl MbIHKacapoBu4 (3aMECTHTEIb ITTABHOTO PEAAKTOPA), TOKTOP XUMHUYECKHUX
Hayk, podeccop, akagemuk HAH PK, nupektop MexayHapogHOro Hay4HO-IIPON3BOCTBEHHOTO XOJIANHT A
«Duroxumms» (Kaparanna, Kazaxcran) H =11

ATABEKOB B nagumup EHokoBHY (3aMECTHTENb IIABHOTO PENAKTOPa), JOKTOP XUMHYECKHX
Hayk, mpodeccop, akanemuk HAH Benapycu, nouerHsli aupexrop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Mumnck, bemapycs) H= 13

CTPHA/l Mupocias, npodeccop, 3aBenyromuii 1abopatopueii HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTkaan, JOKTOp XMMUYECKHX HayK, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY nmenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmarieBTHyeckoro (akyibrera
VYunsepcurera Cerena, aupexTop MexXIUCIMITIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokxrop PhD, npodeccop Ilkomsr dapmanuy HAIMOHAIBLHOTO IEHTPA HAYYHBIX
HCCIIeIOBaHUH PacTUTEIBHBIX MPoxykToB YHuBepcurera Muccucumnu (Oxedopa, CIIA) H =35

XYTOPSIHCKUAWM Burannii, goxrop ¢unocodun (Ph.D, dapmauesr), npodeccop Yaupepcurera
Penunra (Peaunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxanoaiiyibl, JOKTOp TEXHHYECKHX HayK, Tpodeccop, WICH-KOPPECIIOHICHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutust PecyOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

®APYK Acana [lap, mpodeccop komremka Bocrounoit memurmusl Xampmapaa ans-Mamxnna,
¢axynsrer BocTouHoit MenuuuHbl yHuBepeuteTa Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHcTHTYTa Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Llapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, npodeccop, akanemuk HAH
Keiprescrana, Macturyt xumun 1 xumudeckort rexuonorun HAH KP (bumkek, Keiprescran) H =4

XAJIMKOB J[I:xypabaii XaJuKOBUY, JOKTOp XHMHYECKUX HayK, mpodeccop, akagemux AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukutuna AH PT (dyman6e, Tamkukucran) H = 6

DAP3A/IMEB Barug Memkua oribl, JOKTOp XHUMHYECKHX Hayk, Ipodeccop, akagemuk HAHA
(baky, Azepoaiimxan) H=13

T'APEJIMK Xempaa, nokrop ¢unocodpuu (Ph.D, xumus), npesunent Otnena XUMUH U OKpY’Karolieit
cpensl MexIyHapoaHOro cor03a YUCTO! M npukiaaHoi xumun (Jlonnon, Anrmus) H =15
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DEVELOPMENT AND EVALUATION OF TOPICAL HERBAL GELS WITH
PLANT EXTRACTS FROM LIMONIUM GMELINITI

Kassymova Dariya — PhD candidate, Researcher, Al-Farabi Kazakh National University, Almaty,
Kazakhstan, Dariya.kassymova@kaznu.kz, ORCID ID: https://orcid.org/0000-0002-3808-2051;
Zhusupova Galiya — Doctor of Chemical Science, Professor, Al-Farabi Kazakh National University,
Almaty, Kazakhstan, ORCID ID: https://orcid.org/0000-0001-9133-2040.

Abstract. The article presents the results of the development of topical gel
formulations based on plant extracts derived from the roots and the above-ground parts
of Limonium gmelinii. The study evaluated the compatibility of plant extracts with
excipients and optimized their content in the gel formulations. Various concentrations
of carbomer and PG were tested to determine the most optimal gel compositions. The
optimal formulations were selected based on organoleptic characteristics, colloidal and
thermal stability, rtheological properties, and the release kinetics of plant extracts. Gels
containing 1.0% carbomer demonstrated optimal viscosity and thixotropic behavior,
ensuring ease of application and product stability. The use of 10.0% PG resulted in a
cumulative release of 87.36% for the above-ground parts extracts and 85.78% for the
root extracts in in vitro tests. Long-term stability of the gels was confirmed over 12
months of storage.

Key words: Limonium gmelinii, topical gel formulations, soft dosage forms,
carbomer, pharmaceutical development, plant-based extracts
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LIMONIUM GMELINIT ©CIMAITTHEH AJIBIHFAH OCIMAIK
IKCTPAKTTAPBI BAP ) KEPI'UIIKTI KOJIJAHYFA APHAJIFAH
I'EJIBAEPAI O3IPJIEY )KOHE BAFAJIAY

KacesivoBa Jlapusi — PhD noxropantsl, 3eprreyiui, an-Papadbu arbiaarsl Kasak yITTBIK YHHBEPCHTETI,
Anmarsl, Kazakcran, Dariya.kassymova@kaznu.kz, ORCID ID: https://orcid.org/0000-0002-3808-2051;
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AHHoTamus. Makanana Limonium gmelinii ©CIMIITIHIH TaMbIpbl MEH JX€p YCTI
OeJliKTEepiHEeH allbIHFaH OCIMJIK JKCTPAKTTapbl HETI3iHAE JKEPTiliKTi KOJIJaHyFa
apHaJIFaH TeNblIiK (opMmynamapiasl d3ipiiey HOTHIKENEpl YCBIHBUIFAH. 3epTrey
0apbIChIHIA OCIMIIK AKCTPAKTTAPbIHBIH KOCBIMIIIA 3aTTAPMEH YiJIeCIMILTIr OaFaiaHbIII,
refib KypaMbIHJAFbl OHTAMIbI MOJIIepl aHBIKTAIABL. [ elbaep/iH KYpaMblH aHBIKTAY
YIIiH KapOoMep MEH MHPONHJICHIIMKOIBIIH OPTYP/l KOHIEHTPALUsIaphl 3ePTTEII.
OHrailsibl KypaMaap OpPraHOJCHTUKAIBIK KACUETTEePl, KOJUIOUATHIK JKOHE TEPMHSUIBIK
TYPAKTBUIBIFBI, PEOJOTHSJIBIK CHIIATTAMalapbl KOHE OCIMIIK 3SKCTPaKTTaPbIHBIH
0ocar MmbIFy KHHETUKAChl Heri3iHae Tanaamabl. 1,0% kapOoMep/ i KAMTUTBIH TeJbaep
OHTAaMJIbl TYTKBIPJIBIK IIEH THKCOTPOITHIK KACUETTEP I KOPCETTI, OYJI OJIap/IbIH KOJIIaHY
JKSHUIZIIT MEH OHIMHIH TYPaKThUIBIFBIH KaMTaMachi3 €TTi. [IpONMIeHITUKONbBIIH
10,0% KOHIIEHTPAILMSCHI in1 Vitro ChIHAKTAPbIHIA KeP YCTI OOIIKTePiHIH IKCTPAKTTaphI
yuin 87,36% oHe TaMbIp dKCTpaKTTaphl YiIiH 85,78% jknHaKTanFaH Oocar HIbIFybIH
KaMTaMachI3 eTTi. ['enbaep/id y3aK Mep3iMIl TYPaKThUIbIFbI 12 aii 00kl caKkTay Ke31H1e
pacTabl.

Tyiiin cesnep: Limonium gmelinii, *epriulikTi KOJJaHyFa apHaJFaH TeJblaep,
JKYMCAK JI9PLITIK Typiiep, kKapoomep, hapMalieBTHKAIIBIK 931pJiey, OCIMIIIK SKCTPAKTTaPHI.

A.T. KaceimoBa’, I.E. Kycynosa, 2024.
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AHHoOTamus: B crarthe mpeacTaBiICHBI PE3yJbTaThl Pa3paOOTKHU TeNEBBIX (OpM
I MECTHOTO NPUMEHEHHS] Ha OCHOBE PACTUTENIBHBIX JKCTPAKTOB, MOJYYEHHBIX W3
KOpHE# U Haj3eMHOU Yactu Limonium gmelinii. B Xxone uccienoBanus Oblia OlIGHEHA
COBMECTUMOCTb PACTHUTENIBHBIX SKCTPAKTOB C BCIOMOTAaTEJIbHBIMU BELIECTBAMU U
ONTUMHU3UPOBAHO UX COAEPKaHME B cOCTaBe rejiei. i onpeneneHuss onTUMalbHbBIX
COCTaBOB OBUIN M3YYCHBI Pa3JIMYHbIC KOHIICHTPAIUU KapOoMepa ¥ MPOIMHICHTIIUKOJIS.
OnTHMabHBIE COCTaBbI OBLIN BRIOPAHBI HA 0CHOBE OPTaHOJICIITHYECKUX XapaKTEPUCTHK,
KOJUIOU/THOM M TEPMHUYECKOW CTAOMILHOCTH, PEOJOTHYECKHX CBOWCTB M KHHETUKHU
BBICBOOOX/ICHUSI PAaCTUTEIbHBIX SKCTpakToB. [enmu, comepxkamme 1,0% kapOomepa,
MPOAEMOHCTPUPOBAJIA ONTUMAJIbHYIO BA3KOCTb W THKCOTPOIIHOE NOBEAEHHUE, YTO
obOecrieumsio ymoOCTBO HaHECEHUsT M CTa0WIBHOCTh MPOAyKTa. Vcmoib3oBaHue
10,0% mnponuIeHIINKONISA 00ECIeUnI0 KyMYJISTUBHOE BBICBOOOXKICHUE DKCTPAKTOB
HaJ3€MHON 4acTH pacTeHHs Ha ypoBHe 87,36% 1 3KcTpakToB KopHel — 85,78% B in
vitro tectax. JlonrocpouHasi cTaOUIBHOCTh TeJeH OblIa MOATBEPXkICHA B TeUeHUE 12
MECSLIEB XPAaHEHUSL.

KuaroueBsie cioBa: Limonium gmelinii, Teny s MECTHOTO MIPUMEHEHUS, MATKUE
JISKapCTBEHHBbIC (OpPMBI, KapOomep, (hapmaleBTHUECKas pa3paboTKa, PacTUTEIbHBIC
SKCTPAKTHI.

Introduction. According to the WHO, plant materials are actively used in various
countries both as traditional remedies and as ingredients in over-the-counter drugs and
pharmaceutical raw materials, constituting a significant part of the global pharmaceutical
market. WHO data from 2019 show that 109 countries have a registration system for
herbal medicines, and 34 countries have included them in their national essential
medicines list (NEML), indicating a growing interest in phytotherapy (WHO, 2019).

This trend is driven by an increasing number of studies on the chemical composition
of plant extracts, improvements in the extraction techniques of biologically active
compounds (BACs), and the proven efficacy of herbal medicines (Wegener, 2017). As of
today, between 35,000 and 70,000 plant species have been screened for their therapeutic
potential (Dapar, et al., 2020). Herbal preparations are widely used for respiratory,
gastrointestinal, and urinary diseases, joint disorders, and as sedatives (Wegener, 2017).

Due to their wide range of therapeutic activities, plant extracts are highly valued in
soft dosage forms such as gels as well. The pharmacological activity of herbal medicines
is attributed to their complex chemical composition and the unique combinations
of BACs, which often act synergistically, making them effective in treating various
diseases (Wink, 2015). The use of plant-based preparations for topical treatment of skin
conditions has several advantages, including ease of use, lack of systemic side effects,
and the avoidance of first-pass liver metabolism (Javadzadeh and Azharshekoufeh
Babhari, 2017).

Numerous studies in recent years have demonstrated the antibacterial, anti-
inflammatory, antioxidant, and other beneficial properties of plant extracts for treating
skin diseases. These extracts can also positively affect immune processes in the skin,
improving inflammatory responses (Sitarek, et al., 2020).
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There are positive results from testing plant-based gels for atopic dermatitis (Chu, et
al., 2020), psoriasis (Herman and Herman, 2016), vitiligo (Choo, et al., 2020), arthritis
(Aiyaluy, et al., 2016) and osteoarthritis (Cameron and Chrubasik, 2013), herpes (Aslani,
et al., 2018), diabetic foot ulcers (Marchianti, et al., 2021) and etc. The extracts used in
these studies exhibited antimicrobial and wound-healing, antioxidant, anti-inflammatory,
antidiabetic, hepatoprotective, and antipyretic properties.

Extracts from the roots and the above-ground parts of Limonium gmelinii (L. gmelinii)
are rich in polyphenols, flavonols, tannins, and other bioactive compounds (Gadetskaya
etal., 2015; Zhussupova et al., 2015), which explain their therapeutic potential . Extracts
derived from the roots of this plant were used in the ointment “Limonidin,” which is
recommended for treating herpes, ulcerative processes, and inflammatory conditions in
the oral cavity (Patent 14418 RK, 2008). However, hydrophilic gel bases may be more
suitable for delivering active extracts from L. gmelinii due to their polarity and good
solubility in aqueous solutions.

In this regard, the aim of this study was to develop and formulate topical gel
preparations based on plant extracts from Limonium gmelinii, in accordance with ICH
Q8 “Pharmaceutical Development” guidelines (European Medicines Agency, 2015).
Additionally, the study aimed to evaluate the physicochemical properties and stability
of the formulated gels to ensure their suitability for potential therapeutic use.

Methods and materials

The roots and above-ground parts of L. gmelinii were collected during the flowering
period in Almaty region in 2020. The raw materials were authenticated using macro-
and microscopy methods, thoroughly cleaned, dried, and then ground to a particle size
0f 2.0-3.0 mm. For the extraction of the above-ground parts and roots, the plant material
was subjected to single ultrasonic extraction in an Elmasonic S 450 bath (Germany) at
a raw material-to-extractant ratio of 1:5 (roots) and 1:7 (above-ground parts) for 45
minutes at 30°C. The filtered hydroalcoholic extracts were concentrated under vacuum
at 40—45°C until dry to obtain a brown crystalline powder (Kassymova, et al., 2023).

The preparation of gel samples was carried out in several stages: 1) preparation of the
aqueous dispersion of carbomer and its homogenization under constant stirring with the
addition of a co-solvent to improve the wetting of the polymer; 2) neutralization of the
base to pH 5.5-6.0; 3) preparation of solutions of plant extracts (active pharmaceutical
ingredients, API) and the addition of excipients until all components were fully dissolved;
4) gradual mixing of the gel base with the solution of plant extracts and excipients; 5)
adjustment of the gel pH to 5.5-6.0.

The compatibility of plant extracts with excipients was studied using IR spectra
analysis on a PerkinElmer Spectrum BX Fourier-transform infrared spectrometer
(USA). All gel samples based on plant extracts were tested for pH using a HANNA HI
2020-02 Edge electronic pH meter (USA), organoleptic properties, colloidal stability
(centrifugation at 3000 rpm), thermostability (freezing/thawing), and homogeneity
(Aiyaluy, et al., 2016b; Aslani et al., 2018; Jamadar and Husen Shaikh, 2017).

The rheological behavior of the gels was evaluated using a Rheolab QC rotational
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viscometer (Austria) in the shear rate range of 0.01-150 s™'. The release kinetics of the
API was studied using the in vitro method through a dialysis membrane with a Franz
diffusion cell immersed in a thermostatic bath at 36-37°C as described in (Shahtalebi, et
al., 2018). The stability during storage, organoleptic properties, pH, and the quantitative
content of tannins and polyphenols were monitored for twelve months for all gel samples
stored at room temperature (Aslani, et al., 2018).

The total polyphenol content was determined using the Folin-Ciocalteu reagent
following the methodology described in (Kupina, et al., 2018), with certain modifications.

Results and Discussion

Justification for the selection of gel components and determination of their
compatibility.

At the first stage, the compatibility of the extracts with excipients was studied,
namely with the hydrophilic gelling agent carbomer, solvents—propylene glycol (PG),
polyethylene glycol-400 (PEG-400), glycerin—which also serve as humectants and
penetration enhancers, the neutralizer—triethanolamine (TEA), and the preservative—
potassium sorbate. Menthol was used as a fragrance, but it also acted as a penetration
enhancer (Leon Lachman, 2009). The compatibility of these gel components and
extracts was studied using IR spectrum analysis of individual components and their
mixtures with extracts from the above-ground parts and roots of Limonium gmelinii.

Each excipient was thoroughly mixed with extracts from the roots and the above-
ground parts, dissolving them if necessary in 20% ethanol, at concentrations used in the
gel formulation. Each mixture was placed in dark bottles and stored for one month while
monitoring any changes.

After 30 days of storing the plant extracts mixed with various excipients at room
temperature, no physical changes were observed, indicating their compatibility (Table 1).

Table 1 — Results of the study of plant extracts compatibility with gel excipients

Mixture with excipients | Extract from the roots Extract from the above-ground parts

Physical changes

Carbomer - -
Carbomer + TEA - -
Glycerin - -

Propylene glycol - -
PEG-400 - -
Menthol - -
Potassium sorbate - -

In the IR spectra of the extracts from the above-ground parts (Figure 1 (a)) and
roots (Figure 1 (b)), broad absorption bands are observed at 3407 and 3399.1 cm™,
respectively, characteristic of -OH groups involved in the formation of intermolecular
hydrogen bonds in di- and/or polymers. The absorption bands at 1612.22 and 1613.4
cm™! indicate C—C stretching vibrations of aromatic carbon atoms. Peaks between 700
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and 1800 cm™, known as the “fingerprint region,” may also be associated with aromatic
ring stretching (C=C-C), characteristic of polyphenolic compounds (1450.8, 1348.43,
1035.49, 766.47 cm™! for root extracts; 1447.25, 1037.08, 767.25 cm™! for the avove-
ground parts). Peaks at 1225.63 and 1233.09 cm™' may also correspond to the vibrations
of the phenolic C—O-H group.

(@ (b)

(©)

Figure 1. IR spectra of extract from the above-ground parts (a), extract from the roots (b), carbomer (c),
mixture of extracts from the roots with carbomer (d), mixture of extracts from the above-ground parts
with carbomer (¢)
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The IR spectrum of carbomer (Figure 1 (c)) is characterized by the largest absorption
band at 1709.86 cm ™', which is typical of C=0 stretching vibrations involved in hydrogen
bonding. In the physical mixture of carbomer and the extracts, characteristic peaks of
the individual components are observed, indicating no chemical interaction between
them (Figure 1 (d, e)).

Similarly, the absorption spectra of the mixtures of extracts with other excipients
were analyzed, leading to the conclusion that the components are compatible.

Thus, based on experimental observations and IR analysis, it was concluded that
there was no chemical or physical interaction between the gel components, and their
compatibility was acceptable.

Determination of the optimal concentration of the gelling agent.

After establishing the compatibility of excipients and plant extracts derived from L.
gmelinii, various gel formulations were tested. The aim of this stage was to select the optimal
concentrations of excipients to achieve the desired characteristics in the final dosage form.

As mentioned earlier, the hydrophilic polymer carbomer was chosen as the gelling
agent, due to its non-toxicity, ability to form transparent and bioadhesive gels, and the
absence of skin irritation with repeated use. A technological advantage of carbomers
also is their ability to form gels at room temperature.

To thicken the compositions with carbomer, the most commonly used mechanism is
the neutralization of the polymer with an appropriate base. Triethanolamine (TEA) was
selected as the neutralizing agent. The pH of the gels before neutralization with TEA
was 3.5-4.0. According to the manufacturer’s recommendations and literature data, the
carbomer was neutralized to a pH of 5.5-6.0, which is considered favorable for topical
skin application and does not provoke allergic reactions (Nurman, et al., 2019).

The concentration of carbomer varied from 0.5% to 1.5% (Table 2), while the
concentrations of other components remained constant. The gels were evaluated
organoleptically, as well as for homogeneity, flowability, viscosity, pH, and in tests for
aggregate and thermal stability.

Table 2 — Composition of model gel samples with varying concentrations of carbomer

Gel components F1 F2 F3 F4 F5 F6
Extract from the above-ground parts, % |5.0 5.0 5.0 - - -
Extract from the roots, % - - - 5.0 5.0 5.0
Carbomer, % 0.5 1.0 1.5 0.5 1.0 1.5
Glycerin, % 5.0 5.0 5.0 5.0 5.0 5.0
Propylene glycol, % 5.0 5.0 5.0 5.0 5.0 5.0
Menthol, % 1.0 1.0 1.0 1.0 1.0 1.0
Ethanol (96.0%), % 20.0 20.0 20.0 20.0 20.0 20.0
Potassium sorbate, % 0.2 0.2 0.2 0.2 0.2 0.2
Triethanolamine, % 0.5 1.0 1.5 0.5 1.0 1.5
Purified water, % q.s. q.s. q.s. q.S. q.S. q.S.

The organoleptic properties of the gels were evaluated immediately after preparation
by visual inspection in transparent bottles under transmitted or reflected daylight. All
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the gel samples exhibited an acceptable pH, were transparent and homogeneous. All
compositions remained stable in the phase separation test during centrifugation, where
no sedimentation, phase separation, or coalescence was observed, further confirming
the compatibility of the extracts and excipients. The pH of the gel samples before
neutralization was in the range of 3.0-3.5 but was later adjusted to pH 5.0-6.0, which
corresponds to the pH of topical skin applications (Nurman, et al., 2019). All results of
the physicochemical analysis of the gels are summarized in Table 3.

Table 3 — Physicochemical properties of model gel samples

Quality indicators |F1 F2 F3 F4 F5 F6

pH 5.67+0.03 |5.74+0.05 5.81+0.02 5.66+0.03 |5.95+0.02 |5.82+0.05

Viscosity, Pa*s 0.35+0.05 |0.64+0.03 1.12+0.13 0.41+£0.06 | 0.67+0.11 |1.17+0.09

Appearance Flowing, | Thick, Jelly-like, Flowing, Gel-like, Jelly-like,
homo- plastic, ho- | homogeneous, | homo- homo- homo-
geneous, | mogeneous, | transparent geneous, geneous, geneous,
transparent | transparent | dark-brown transparent | transparent |transparent
dark-brown | dark-brown |sample, easily | dark-brown |dark-brown | dark-brown
sample, sample, easi- | spreadable sample, sample, sample,
easily ly spreadable easily easily easily
spreadable spreadable |spreadable |spreadable

Aggregate stability | stable stable stable stable stable stable

(centrifugation at

3000 rpm)

Thermal stability | stable stable stable stable stable stable

The structural viscosity of the gels, as expected, increases with the concentration of
carbomer (Figure 2) and falls within the range of 0.34-108 Pa*s (Pertsev, i dr., 2002),
which is optimal for topical application. Measurements were taken at a shear rate of 100
s™!, which corresponds to the approximate shear rates when squeezing the product out
of the package and applying it (Khachatryan, et al., 2022).

1.4
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Figure 2. Structural viscosity of model gel samples
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Gels with a carbomer concentration of 0.5% in samples F1 and F4 were visually
insufficiently viscous, while samples F3 and F6 were thick, non-flowing, and jelly-like,
which seems less convenient for patient use and may cause difficulties during subsequent
technological operations (Gupta and Garg, 2002). Additionally, thick gels can limit the
release of active pharmaceutical ingredients and reduce bioadhesive properties (Safitri,
et al., 2021).

Based on the collected data, gels with a carbomer concentration of 1.0% were selected
as the most optimal for further research. These results are consistent with those reported
in previous studies. For instance, the research conducted by Suzilla W. et. al. (Suzilla,
et al., 2020) found that gels formulated with 1.0% carbopol 940 had the best overall
physicochemical properties, including optimal viscosity, stability, and spreadability.
The study on Boswellia vaginal gel found that 1% carbomer formed the most stable
and homogenous gel, while lower concentrations (e.g., 0.5%) resulted in insufficient
viscosity and poor stability, leading to phase separation (Dehdari et al., 2021). These
consistent outcomes suggest that a 1.0% carbomer concentration is a robust choice for
ensuring the desired balance between the gel’s texture and application ease. Moreover,
higher concentrations, as noted in the research (Suzilla, et al., 2020), often lead to overly
thick gels that compromise spreadability and user experience. This further supports the
selection of 1.0% carbomer for the optimized formulation of topical gels.

Determination of the optimal concentration of excipients.

As co-solvents, humectants, and penetration enhancers, glycerin, propylene glycol
(PG), and polyethylene glycol-400 (PEG-400) were tested. These solvents are widely
used in various gel compositions and can affect both the swelling process of polymers
and the solubility of active pharmaceutical ingredients (API). Propylene glycol is
considered one of the best non-toxic penetration enhancers and plasticizers, increasing
the transdermal absorption of many APIs (Aiyalu et al., 2016b; Budi et al., 2022).
Additionally, it is reported that PG not only enhances penetration but also increases the
retention of flavonoids such as chrysin and quercetin in the skin (Dyja and Jankowski,
2017). In several studies, PEG-400 or glycerin is frequently added to water when forming
carbomer gels, positively affecting their rheological and mucoadhesive properties
(Slavkova et al., 2023). These solvents also help dissolve menthol more effectively.
The compositions of the model gel samples are presented in Table 4. The gels were
formulated with constant concentrations of carbomer (1.0%) and plant extracts (5.0%).

Table 4 — Composition of model gel samples with varying concentrations of co-solvents

Gel components, % IF7 F8  [F9 F10 [F11 |F12 [F13 [|F14 [F15 [F16
Extract from the above-ground parts |5.0 - 5.0 5.0 | 5.0 5.0 | -
[Extract from the roots - 5.0 5.0 5.0 | - 5.0 [5.0
Carbomer 1.0 1o 1.0 1.0 1.0 |1.0 (1.0 |l.O (1.0 1.0
Glycerin 5.0 - - 5.0 | - - - - -
IPropylene glycol - 5.0 - 5.0 | 10.0 [15.0 |10.0 [15.0
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IPEG-400 - - 5.0 | - 5.0 | - - -
[Ethanol (96.0%) 20.0 20.0 [20.0 [20.0 [20.0 [20.0 [20.0 [20.0 [20.0 [20.0
Menthol 1.0 1.0 (1.0 1.0 (IO 1.0 (1O |l.0 [l.O |L.O
IPotassium sorbate 0.2 02 102 (02 02 |02 (02 02 02 02
Triethanolamine 1.0 1.0 (1.0 1.0 (IO 1.0 (1O |l.0 [l.O |L.O
Purified water q.-S. qs.  [g.s- f@s- @S- @S- (9SS [gs. [g.s-

The physicochemical properties of gels F7-F16 were studied using the previously
described methods and showed satisfactory results (Table 5).

Table 5 — Physicochemical properties of model gel samples

Quality F7 F8 F9 F10 F11 F12 F13 F14 F15 F16
indicators
pH 578+ [5.88+ [5.91+ [5.82+ [5.84+ |[5.88+ [5.92+ |[5.78+ |5.75+ |5.95+

0.05 ]0.02 [0.05 0.01 0.06 0.05 0.03 0.04 0.04 ]0.02
Appearance | Thick, plastic, homogeneous, transparent dark-brown sample, easily spreadable
Aggregate Stable | Stable | Stable |Stable |[Stable |Stable |Stable |Stable |Stable |Stable
stability (cen-
trifugation at
3000 rpm)

During the preparation of the laboratory gel series, it was noted that the time required
to mix formulas with PG and PEG-400 into a homogeneous state was shorter than for
compositions with glycerin, where lumps of swollen polymer remained for a longer
time. Homogeneous gels with PG and PEG-400 were obtained within 3 hours, while it
took up to 4.5 hours to prepare gels with glycerin.

However, it was more important to establish and compare the release rates of extracts
from different bases using the in vitro method. The release kinetics directly influence the
therapeutic effect of the medicinal form (Leon Lachman, 2009). Optimal compositions
were also selected based on data from studies on the viscoelastic properties of the gels.

The release kinetics from the gel base were studied using the diffusion method of
plant extracts through a cellulose membrane into phosphate buffer solution (pH=6.0—
6.5).

The release evaluation was performed using UV spectrophotometry. The absorption
maxima for both extracts corresponded to a wavelength of 268 nm, at which the optical
density was measured to build calibration graphs.

According to the curves presented in Figure 3, samples F7-F9 exhibited high release
rates of extracts from the gel bases. Within 10 minutes, the released amount of extracts
from formulations F7, F§, and F9 was 53.4%, 60.4%, and 42.8%, respectively. The
maximum release after 360 minutes was 81.8% for F8, which contained PG. The gel
composition F7 with glycerin had a slightly lower release rate than F8, with a cumulative
release of 78.2%. Formulation F9 had the lowest release rate, as evidenced by the first
hour’s result of 63.5%.
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Figure 3. Release curves of the extracts from roots from formulations F7-F9

A similar release kinetics was observed for formulations F10-F12 (Figure 4). The
extract from the above-ground parts diffused from the gel bases F10, F11, and F12
within 10 minutes in the amounts of 51.8%, 59.6%, and 43.1%, respectively. The
highest release of extract from the above-ground parts occurred within 360 minutes
from formulations F10 and F11, at 80.5% and 82.3%, respectively.
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Figure 4. Release curves of the extracts from the above-ground parts from formulations F10-F12

Formulations with PG demonstrated a high release rate of up to 70% for both root
and above-ground part extracts within the first hour, indicating their good solubility in
the gel base. The preliminary dissolution of the extracts in a water-ethanol mixture, as
the most suitable solvent, significantly influenced their subsequent solubility in the gel
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base. However, it should also be noted that the extracts from roots and above-ground
parts of L. gmelinii are soluble in propylene glycol, moderately soluble in water, and
insoluble in glycerin and PEG-400. Thus, formulations F8 and F11 contain a solvent
mixture that is most optimal for the release of extracts from the medicinal form.

The next step was to determine the optimal amount of PG to be added to the gel
composition. Additional gels were prepared with PG concentrations increased to 10.0%
and 15.0%, and their release kinetics were studied (Figure 5), along with their flow
rheograms.
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Figure 5. Release curves of the extracts from roots and above-ground parts from formulations F13—
F16

The addition of 10% propylene glycol (PG) increased the release percentage to
87.36%, and further increasing the concentration to 15% had a negligible effect on this
parameter. This led to the conclusion that both 10.0% and 15.0% PG concentrations are
equally optimal for use in the gel formulations.

Determining the rheological characteristics of medicinal gel forms is not mandatory
according to pharmacopoeial requirements, but they are important parameters for
assessing the quality of dosage forms during development, stability studies, and selecting
production conditions. To study the viscoelastic properties of the gels, flow curves were
constructed to show the relationship between shear stress and shear rate, ranging from
0to 150 s* at 20°C (Figure 6).
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Figure 6. Flow rheograms of gel samples F13 (a), F14 (b), F15 (c), F16 (d)

As seen in Figure 6, the flow curves exhibit ascending and descending lines, forming
a pronounced hysteresis loop, which indicates the presence of thixotropic properties in
the gel samples. Thixotropy is typical for structured systems with plastic flow behavior,
which deform under the influence of mechanical force. This characteristic reflects the
good pharmaceutical and consumer properties of the product, particularly its ease of
extrusion from tubes and spreadability, which in turn influences user convenience. The
hysteresis loop area of sample F16 is somewhat smaller than that of samples F13-F15,
and the differences in the rheology of samples F13 and F14 are statistically insignificant.

Thus, based on the release kinetics and rheological characteristics, propylene
glycol (PG) at a concentration of 10.0% was chosen as the co-solvent, plasticizer, and
penetration enhancer for the gel carrier base of extracts derived from L. gmelinii. PG
enhances the solubility of plant extracts and promotes higher release rates of active
ingredients, which is consistent with findings from other studies where PG significantly
improved drug release from topical gels (Dehdari et al., 2021). Similarly, research shows
that PG facilitates drug permeation through biological membranes and enhances skin
retention of active compounds, leading to improved drug flux and delivery efficiency in
skin-mimicking systems (Ruiz et al., 2022). These studies reinforce the conclusion that
PG is an optimal choice for topical gel formulations, allowing for better drug absorption
and retention, ultimately enhancing the therapeutic potential of the gel while minimizing
systemic exposure.
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Determination of optimal concentration of plant extracts and study of gel stability

The development of herbal gel formulations was further conducted with two
concentrations of the active ingredient — 5.0% and 7.0%. Previously developed
ointments based on root extracts of L. gmelinii demonstrated therapeutic activity at a
5.0% concentration (Patent 14418 RK., 2008). To enhance therapeutic efficacy, it was
feasible to develop gel formulations with a higher concentration.

At this stage of research, an additional method of preparing gels from concentrated
extracts was also studied to simplify the technology and reduce the time required to
prepare the gels. The concentrated extracts were obtained during the concentration stage
after the ultrasonic extraction process. The percentage of dried extract in the concentrated
herbal extracts was measured after ultrasonic extraction, concentration, and complete
removal of the solvent. The percentage of introduced extract, calculated based on dry
matter, was 5.0+1.05%. This method allows for significantly reducing the time required
to obtain dry extracts during ultrasonic extraction and introduces the extracts into the
gel base in a pre-dissolved form. The gel formulations are shown in Table 6.

Table 6 — Composition of model gel samples with different co-solvent concentrations

Formulation F17 |FI18 |F19 F20 F21 F22
Extract from the above-ground parts 5.0 70 |- - - -
Extract from the root - - 5.0 7.0 - -
Concentrated extract (above-ground parts) 17.0% |- - - - 30.0 -
Concentrated extract (roots) 17.0% - - - - - 30.0
Ethanol 20.0 |20.0 |20.0 20.0 20.0 20.0
Propylene glycol 10.0 |10.0 [10.0 10.0 10.0 10.0
Carbomer 1.0 1.0 1.0 1.0 1.0 1.0
Menthol 1.0 1.0 1.0 1.0 1.0 1.0
Triethanolamine (TEA) 1.0 1.0 1.0 1.0 1.0 1.0
Potassium sorbate 0.2 0.2 0.2 0.2 0.2 0.2
Purified water qs. [qs. |qs. q.s. q.s. q.s.

The appearance of the gels containing extracts from the roots ans the above-ground
parts did not differ and is shown in Figure 7 — transparent brown-colored gels with a
specific plant odor.

Figure 7. Gel appearance (1) — 5% gel obtained from dry extracts; (2) — 5% gel obtained from
concentrated extract; (3) 7% gel obtained from dry extract
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Upon changing the percentage of introduced extracts in the gels, it was found that
the concentration of the extracts did not significantly affect the rheological properties
of the gels or their cumulative release from the base. Formulations F17-F22 exhibited
similar pseudoplastic behavior and the presence of a hysteresis loop, confirming their
thixotropic properties (Figure 8).
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Figure 8. Flow rheograms of gel samples F18 (a), F20 (b), F21 (c), F22 (d)

The data obtained once again demonstrated that the prepared gels are capable of
deforming under mechanical force and flowing, positively affecting the pharmaceutical-
technical characteristics and allowing the base to spread easily over the skin (Jurca
et al., 2020). The release from formulations F17-F22 also showed satisfactory results,
ranging from 84.25% for F22 to 88.49% for F18 (Figure 9).
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Figure 9. Release kinetics of extracts from model gel samples F17-F22

89



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Subsequent evaluation of the gels with varying concentrations of the active
extract was conducted using a set of physicochemical methods according to the
quality requirements of the State Pharmacopoeia of Kazakhstan (Gosudarstvennaya
farmakopeya Respubliki Kazakhstan, 2008). The gel samples were tested for stability
during 12 months of storage. During this period, the quantitative content of the active
extract in the gel samples was monitored.

The active ingredients of the extracts are various polyphenolic compounds, which,
as noted earlier, are strong anti-inflammatory agents. The Folin-Ciocalteu test for total
polyphenols showed high levels in the dry extracts from L. gmelinii plants — 32.5+1.2%
in the above-ground parts and 44.7+2.5% in the roots. This method was also used for the
quantitative measurement of total polyphenols in the gels, and a direct correlation was
confirmed between the amount of introduced extract and the quantity of the analytical
marker found (Table 7).

Table 7 — Physicochemical properties of model gel samples

Quality indicators F17 [F18 F19 [F20 [F21 [F22

Description Homogeneous transparent thick gel of soft consistency, brown color, easily
rubs in

pH 5.9840.02 |6.35+0.04 | 6.40+0.02 | 5.99+0.01 |[6.21+0.01 |6.35+0.02

Identification - Tannins + + + + + +

Homogeneity Homo- Homo- Homo- Homo- Homo- Homo-
geneous geneous | geneous | geneous | geneous geneous

Quantitative determination | 1.15£0.05 |1.59+0.03 | 1.60+0.02 |2.20£0.05 |1.52+0.04 |2.15+0.04
- Tannins (>1.0%)

Total polyphenols 2.01+0.05 |2.88+0.04 |1.25+0.02 |2.19+0.01 | 1.62+0.04 |2.85+0.04
(>1.50%)
Aggregate stability Stable Stable Stable Stable Stable Stable

The evaluation of gels with varying concentrations of active extract from Limonium
gmelinii demonstrated their stability over a 12-month storage period, maintaining
physicochemical consistency such as pH, homogeneity, and active ingredient content.
The total polyphenol content showed a direct correlation between the amount of extract
introduced and the concentration of polyphenols detected, confirming the efficient
incorporation of bioactive compounds into the gels. The stable levels of tannins and
polyphenols, along with consistent gel characteristics, suggest that the formulations
are both chemically stable and effective over time. This indicates their suitability for
further pharmaceutical development and potential therapeutic applications, particularly
for their anti-inflammatory properties.

Conclusion

The study successfully developed stable topical gel formulations based on plant
extracts from Limonium gmelinii. The optimal concentration of carbomer (1.0%) and
propylene glycol (10.0%) was identified, ensuring suitable viscosity, ease of application,
and effective release of active compounds. Rheological analysis demonstrated
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thixotropic behavior, contributing to the gel’s practicality for topical use. Stability
testing confirmed that the gels maintained their physical and chemical properties over
12 months, ensuring consistency in the therapeutic ingredients. The findings suggest
that these gel formulations are well-suited for industrial-scale production and could
be further developed as plant-based topical treatments for various inflammatory skin
conditions.
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