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SANTRUMPOS

CHR - chlorageno riigstys
DPPH - 2,2-difenil-1-pikrilhidrazilas

ESC — efektyvioji skysCiy chromatografija

HP — hiperozidas

IC50 - pusé maksimalios inhibuojancios koncentracijos

IKV — izokvercitrinas

LOD - medziagos aptikimo riba

LogP  — pasiskirstymo koeficiento tarp oktanolio-vandens logaritminé
reikSme

LOQ - medziagos kiekybinio jvertinimo riba

PAM  — pavirSiaus aktyvios medziagos

RR — rozmarino rugstis

SE — standartiné paklaida (angl. standard error)

VAZ - vaistiné augaliné zaliava

VOR  —viteksin-2"-O-ramnozidas



IVADAS

Pusiau kietos vaisto formos yra svarbios siekiant tikslinio veikliosios me-
dziagos patekimo j pazaidos vietg. Pusiau Kieti preparatai dazniausiai yra
skirti pavirSiniam ar vietiniam poveikiui sukelti vengiant sisteminio povei-
Kio ir su juo susijusiy galimy nepageidaujamy reakcijy. Pusiau kieti pre-
paratai yra skirti odos funkcijoms palaikyti, odos jvairiy bikliy profilaktikai
ar korekcijai.

Daugelio zmoniy problema — iSsauséjusi oda [67]. Odos sausumg le-
miancios priezastys yra riebalinio sluoksnio, saugancio nuo vandens iSga-
ravimo, netektis. Ji atsiranda dél keliy priezas¢iy. 1) Riebalinio sluoksnio
sumazéjimo, budingo vyresnio amziaus zmonéms. Nustatyta, kad vieno i$
dviejy senyvo amziaus Zzmoniy oda yra i§sauséjusi [153]. Sausa oda daznai
budinga kudikiams ir vaikams, kurie turi maziau riebalinio sluoksnio.
Klinikiniu tyrimu su 8-9 mety vaikais nustatyta, kad 75 proc. vaiky oda
daugiau ar maziau sausa [55]. 2) Riebalinio sluoksnio paSalinimo. Tam
daugiausiai jtakos turi intensyvus pavirSiaus aktyviy medziagy (PAM)
vartojimas [12]. 3) Dél aplinkos veiksniy, lemian¢iy 0dos sauséjima.
Dazniausiai taip yra dél oro kondicionieriy ar $ildytuvy naudojimo, tam
tikry vaisty vartojimo (pvz., gabapentino, citalopramo), tam tikry ligy ar
medicininiy bukliy (pvz., cukrinis diabetas, atopinis dermatitas) [174].

Zmongs j odos sausumg daznai nekreipia démesio ir jam Salinti nesiima
jokiy priemoniy. Zinoma, kad odos sausumas lemia ankstyva odos senéjima.
Odos sauséjimas susilpnina odos apsaugines funkcijas ir oda netenka
elastiSkumo [47]. Dél to gali atsirasti jtrikimy ir zaizdeliy. Siekiant sulétinti
odos sen¢jimo procesa ir iSlaikyti tinkamg odos funkcijg, biitina kasdiené
odos priezitra tiksliai parinktais kokybiSkais produktais, kurie atstatyty
riebalinj odos sluoksnj, uztikrinty tinkama drégmés kiekj odoje ir slopinty
laisvyjy radikaly sukeliama neigiamg efekta.

Riebalinio sluoksnio, neleidzian¢io pasiSalinti vandeniui, atstatymas ir
vandens kiekio uztikrinimas odoje yra pagrindiniai odos sausumo gydymo /
valdymo metodai. Riebaliniam sluoksniui atstatyti naudojami emolientai,
pusiau kietos formuluotés su riebaline faze [71]. Norint uztikrinti tinkama
vandens koncentracija odoje, dazniausiai uztenka vartoti pakankama kiekj
skysCiy, galima vartoti odg drékinancias priemones, kurias sudaro me-
dziagos, kaupiancios didelj vandens kiekj (pvz., hialurono riigstj ar hidro-
gelius) [106].

Zinoma, kad medus geba palaikyti odos drégme, neleisti isgaruoti van-
deniui ir pasizymi baktericidinémis savybémis. Dél to jis tinka ne tik odos
sausumui reguliuoti, bet ir smulkioms zaizdeléms gydyti [26]. Naudinga



medy jterpti | pusiau kietas formuluotes ir taip praturtinti odos preparato
teigiamy savybiy spektra.

Farmacijos kompanijos investuoja dideles 1éSas j augaliniy zaliavy
tyrimus siekdamos jrodyti arba surasti naujy biologiniy poveikiy tradicinio
augalinio vartojimo Zaliavoms [214]. Susidomé¢jimas tradicinio augalinio
vartojimo zaliavomis neblésta, nes dazniausiai jau yra Zinomas jy saugumas,
0 jvairiy junginiy miSiniai turi platesnj spektra teigiamy savybiy nei
iSgrynintos ar cheminés medziagos. Kita vertus, kyla nemazai problemy dél
preparaty reguliavimo ir kokybiniy kriterijy, susijusiy su tikslia junginiy
kompozicija [36, 150]. Naudinga yra Zinomy augaliniy preparaty zaliavas
(gudobeliy ziedy su lapais ir vaistiniy melisy lapy ekstraktus) bandyti
pritaikyti pusiau Kietose vaisty formose, kurios potencialiai galéty buti
vartojamos odos ligy gydymui ir profilaktikai.

Viena 1§ galimy odos sauséjimo prevencijos priemoniy — kasdienis kiino
prieziliros priemoniy vartojimas. Rinkoje yra daug ir jvairiy kiino prieziiiros
priemoniy, todél vartotojas gali rinktis. Vis délto nekomercinés informacijos
apie tam tikrus produktus nepakanka. Biitina atlikti i$samius modeliuojamy
preparaty tyrimus, kurie leisty uztikrinti priimtinas vartotojui produkto
savybes. Vienas i$ biidy produktus klasifikuoti — pagal gamybai naudojamy
medziagy prigimtj: sintetiné ar nattirali. Kiino priezitiros priemones ser-
tifikuojancios komercinés organizacijos (NATRUE, BDIH ir kt.) skirtingai
vertina, kg reiSkia nattiralus produktas [50], todél renkantis sertifikuotg
produkta, butina iSsiaiSkinti sertifikuojancios jmonés taikytus Kriterijus.
Zinoma, kad natiiralios kilmés sudétinés dalys (pvz., riebiosios riigstys,
cholesterolis) chemine struktiira yra artimesnés odos sudétyje esanciy
komponenty cheminei struktGrai nei sintetiniai komponentai (pvz.,
dimetikonas) [41]. Naudinga modeliuoti, vertinti ir naudoti natiiralios
kilmés ktino priezitros priemones, kurios nekenkia aplinkai ir odai, kuriy
sudétyje néra daugybés sudétiniy sintetiniy daliy, gerinanciy preparaty
tekstiirg, bet neturinéiy jokios naudos odai. Tiriamajame darbe pusiau kiety
formuluoc¢iy modeliavimui buvo pasirinkti nattralios kilmés komponentai:
vanduo, augaliniai ekstraktai, augaliniai aliejai, bi¢iy produktai, gyviininés
kilmés medziagos bei i§ dumbliy gaunamas polimeras (natrio alginatas).

Darbe buvo svarbu jvertinti modeliuojamy preparaty reologines ir
biofarmacines savybes siekiant jy tikslingo pritaikymo ir efektyvaus
poveikio uztikrinant kuo mazesne Salutinio poveikio tikimybe. Modeliuojant
pusiau kietas formuluotes, svarbu jvertinti strukttiros vidiniy ry$iy stipruma,
kurie lemia formuluotés tepumg ir stabilumg laikymo metu. Struktiiros
vidiniy ry$iy stiprumo vertinimui naudingas reologijos mokslas, kurio esmé
yra nustatyti tiriamosios medziagos geb¢jimg priesSintis deformuojanciai
jégai. Reologijos metodas jautrus, nes geba jvertinti vidiniy formuluotés



ry$iy silpnéjima nesant matomy nestabilumo pozymiy. Reologija placiausiai
taikoma maisto pramonés, dazy, asfalto, metalo lydiniy pramonéje. Tiks-
lingas reologijos mokslo pritaikymas farmacijos pramong¢je suteikia gali-
mybe panaudoti jautrius metodus preparaty kokybei vertinti. Biofarma-
ciniais tyrimais vertinamas veikliyjy medziagy atpalaidavimas bei skvarba j
biologines matricas. Biofarmaciniy tyrimy rezultatai leidzia prognozuoti
preparaty biologinj pasisavinimg vartojimo metu, kuris bitinas siekiant
sukelti biologinj preparato poveik].

Darbo tikslas: Sumodeliuoti stabilias, tyrimais pagrjstas formuluotes su
natiiralios kilmés sudedamosiomis dalimis ir jvertinti jy reologines bei
biofarmacines savybes.

Darbo uzdaviniai:

1. Sumodeliuoti pusiau kietus pagrindus naudojant natiiralios kilmés
medziagas ir jvertinti jy reologines savybes ir stabiluma.

2. vertinti medaus pritaikymo galimybes pusiau kietoms formuluotéms
modeliuoti.

3. Ivertinti gudobeliy Ziedy su lapais (chlorogeno riigsties, viteksin-2"-
O-ramnozido, hiperozido, izokvercitrino) ir vaistiniy melisy lapy
(rozmarino ragsties) ekstrakty vyraujanc¢iy komponenty skvarbos j
zmogaus oda galimybes, antiradikalinj ir antimikrobinj aktyvuma
tyrimais in vitro.

4. Jvertinti tiriamy augaliniy ekstrakty jtaka pusiau kiety formuluociy
reologinéms savybéms.

5. Ivertinti modeliniy augaliniy ekstrakty fenoliniy komponenty
atpalaidavimo ir skvarbos j odg i$ pusiau kiety formuluociy kinetika
biofarmaciniais tyrimais in vitro.

Mokslinio darbo naujumas. Sumodeliuotos stabilios pusiau kietos for-
muluotés derinant biciy vaska, medy, kakavos aliejy, cholesteroli, alyvuogiy
aliejy, vandenj, vazeling ir kietgjj parafing. Parinkta ir pritaikyta reologijos
metodika pusiau kiety formuluociy stabilumo vertinimo tyrimams. Reo-
loginiais tyrimais pagrjsta bi¢iy vaSko, medaus, iSgrynintojo vandens,
sausyjy ekstrakty jtaka visos formuluotés struktiirai ir reologinéms savy-
béms. Atlikus medaus laisvyjy fenoliniy riigsciy kokybés ir kiekybés ESC
metodu tyrimus, medaus fizikiniy, cheminiy ir reologiniy savybiy tyrimus
nustatyta, kad medus pagristai gali buti naudojamas pusiau kietoms
formuluotéms modeliuoti. Biofarmaciniais tyrimais pagrjsta biciy vasko ir
sviestmedzio aliejaus jtaka gudobeliy fenoliniams junginiams atpalaiduoti.
Pirmg kartg jvertinta chlorogeno ragsties, viteksin-2"-O-ramnozido, hipe-
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rozido, izokvercitrino ir rozmarino riigSties skvarba | nepaZeista Zmogaus
odg tyrimais ex Vvivo. Nustatyta, kad vienintelé rozmarino riigstis skverbiasi j
zmogaus oda. ISvystyta ir validuota ESC metodika, kuri pritaikyta gudobeliy
ziedy su lapais ekstrakto fenoliniy junginiy (chlorogeno riigsties, viteksin-
2"-O-ramnozido, hiperozido ir izokvercitrino) ir vaistiniy melisy lapy fe-
nolinio junginio (rozmarino rugsties) nustatymui zmogaus odoje.

Praktiné ir teoriné reikSmé. Sumodeliuoti stabiliis du tepalai ir kremas
derinant bi¢iy vaska, medy, kakavos aliejy, cholesterolj, alyvuogiy aliejy,
vanden], vazeling ir kietajj parafing, kurie gali biiti pateikiami j rinka ir
naudojami kaip emolientai. Atlikti tyrimai jrodé, kad medus pusiau kietose
formuluotése pagristai gali biiti naudojamas kaip komponentas, darantis
itaka visos formuluotés struktirai. Reologiniais ir biofarmaciniais tyrimais
jrodyta bi¢iy vasko jtaka formuluotés vidinés struktiros formavimui ir
gudobeliy fenoliniy junginiy atpalaidavimui. Gauti rezultatai leido jvertinti
ry§] tarp formuluociy reologiniy savybiy ir atpalaiduoty fenoliniy junginiy
kiekio. ISvystyta ir validuota ESC metodika, kuri pritaikyta gudobeliy ziedy
su lapais ekstrakto fenoliniy junginiy (chlorogeno rtigsties, viteksin-2"-O-
ramnozido, hiperozido ir izokvercitrino) ir vaistiniy melisy lapy fenolinio
junginio (rozmarino riigSties) nustatymui zmogaus odoje. Nustatyta, kad
chlorogeno rugstis, viteksin-2"-O-ramnozidas, hiperozidas, ir izokvercit-
rinas, kaip santykinai hidrofiliSkesnés medziagos, | nepazeista Zzmogaus oda
nesiskverbia, 0 rozmarino ragstis, kaip santykinai hidrofobiSkesnis junginys,
skverbési j zmogaus epidermj ir derma. Puskie¢iy formuluociy kokybé buvo
vertinama nustatant pH reikSme, reologines savybes, ESC metodu nustatant
tam tikry fenoliniy junginiy Kiekius, atpalaiduotus i§ pusiau kiety for-
muluoc¢iy. Gauti rezultatai svarbiis pusiau kiety formuluo¢iy kokybés ir
biofarmaciniy savybiy vertinimui bei kuriant tikslinio pritaikymo vaisto
formas ateityje.

Darbo rezultaty aprobavimas. Tyrimy rezultatai paskelbti 6 mokslinése
konferencijose: Functional Foods for Chronic Diseases: Science and Prac-
tice (2011 m. kovo 15-17 d., Las Vegas, JAV); ,Zmogaus ir gamtos sauga
2011* (2011 m. geguzés 11-13 d., Kaunas, Lietuva); 5th International
Scientific conference ,, The Vital Nature Sign“ (2011 m. geguzés 19-21 d.,
Kaunas, Lietuva); ,,Zmogaus ir gamtos sauga 2012 (2012 m. geguzés 16—
17 d., Kaunas Lietuva); Achievements and development perspectives of
pharmaceutical chemistry and other sciences: the international conference
on pharmaceutical sciences and pharmacy practice dedicated to 125th Birth
Anniversary of prof. Benediktas Siaulis (2012 m. lapkri¢io 24 d., Kaunas,
Lietuva); The 17th International Congress PHYTOPHARM 2013 (2013 m.
liepos 8-10 d., Viena, Austrija);
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Tyrimy tematika paskelbti 5 moksliniai straipsniai, i$ kuriy 3 iSspausdinti
leidiniuose, jrasSytuose ] Mokslinés informacijos instituto duomeny bazg.

Darbo apimtis ir struktiira: disertacija sudaro jvadas, literatiiros ap-
zvalga, tyrimo objektas ir metodai, rezultatai ir jy aptarimas, iSvados, lite-
ratiros saraSas (215 Saltiniy), disertacijos tema paskelbty publikacijy
sgrasas, modeliuoty formuluo¢iy sudétys, moksliniy publikacijy disertacijos
tema kopijos, santrauka (angly k.), gyvenimo, mokslinés ir kiirybinés veik-
los apraSymas. Darbe pateikta 10 lenteliy, 20 paveiksly. Disertacijos apimtis
163 puslapiai.
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1. LITERATUROS APZVALGA

1.1. Pusiau kietos formuluotés su natiiralios kilmés medZiagomis
1.1.1. Nataralios kilmés pusiau kiety preparaty sudétinés dalys

Modeliuojant hidrofobinius natiiralios kilmés pusiau kietus preparatus
pagrindiniai sudedamieji komponentai yra jvairiis lipidai, dazniausiai tri-
gliceridai ar riebieji esteriai, steroliai, angliavandeniliai, gaunami iS au-
galiniy ar gyvininiy Saltiniy. Siekiant sumodeliuoti pusiau kietos kon-
sistencijos preparatg turi buiti parenkami skirtingos lydymosi temperatiiros
lipidai.

Sistemg tirStinanc¢ios medziagos dazniausiai yra aukSta lydymosi tem-
peratiira pasizymintys vaskai: karnauba vaSkas, pasizymintis aukSciausia
lydymosi temperatiira (80-88 °C) tarp natiiraliy vasky [168], kandelila vas-
kas (lydymosi temperatira 67-80 °C), ryziy séleny vaskas (lydymosi
temperatiira 75-80 °C), biciy vaskas (61-66 °C) [50]. Biciy vaskas yra na-
turalus biciy sekrecijos produktas, jame nustatoma daugiau kaip 300 kom-
ponenty jvairiy medziagy. Pagrindinés sudedamosios dalys yra esteriai,
angliavandeniliai, laisvosios riebiosios ragstys [29]. Kremuose ir tepaluose
naudojami 5-20 proc. bi¢iy vasko kiekiai, kaip tirStinanti medziaga. Bi¢iy
vaskas turi emulguojanciy savybiy [168]. Biciy vaskas yra priskiriamas
medziagoms, kurios sudaro plévele ant odos pavartojus vietiskai. Si plévelé
sudaro papildomg apsauginj barjera nuo neigiamy aplinkos faktoriy
poveikio (Salcio, véjo, dirginanciy ar alergizuojanciy medziagy ir kita). Taip
pat, Si plévelé sudaro barjera, pro kurj negali i§garuoti vanduo i§ odos, taip
mazindamas odos sausuma [30].

Kitas pusiau kiety preparaty konsistencijg palaikantis komponentas yra
skystieji lipidai. Dazniausiai tai yra augaliniai aliejai, kuriy pasirinkimas yra
itin platus. Augalai, i$ kuriy augaliniai aliejai gali buiti iSgaunami, priklauso
jvairioms augaly Seimoms [18]. Augaliniy aliejy pagrindinés sudedamosios
dalys yra jvairiy polinesoCiyjy riebaly riigsciy trigliceridai, kuriy déka
augaliniai aliejai yra skystos konsistencijos. Alyvuogiy aliejus yra emo-
lientas, t. y. turi minks$tinanciy, apsauginiy savybiy, apsaugo nuo vandens
netekimo, tinkamas sausos odos priezitrai [95]. Tyrimai su pelémis /
ziurkémis rodo, jog vietiSkai vartojamas alyvuogiy aliejus geba apsaugoti
nuo UVB sukeliamos karcinogenezés ir odos vézio formavimosi forma-
vimosi [35,96].

13



Modeliuojant pusiau kietus preparatus reikia pagalbiniy medziagy,
uztikrinan€iy preparato tepumg, minkStumg, kuris palengvina preparato
iS$émimg 1§ talpyklés. Modeliuojant preparatus i§ nattralios kilmés
medziagy, $ig funkcija atlicka augaliniai sviestai ar spermacetas (lydymosi
temperatiira 43-47 °C) [168]. Siy medziagy lydymosi temperatiira yra
zemesné nei vasky, taCiau kambario temperatiroje jie yra kietos
konsistencijos. Cheminiu pozitriu augaliniai sviestai yra augaliniai aliejai,
kuriuose yra didesnis kiekis soc¢iyjy riebaly riigsciy, todél jiems biidinga
kieta konsistencija ir aukstesné lydymosi temperattira [72,81].

Siuo metu yra jmanoma jsigyti pusiau sintetiniy augaliniy sviesty, kurie
yra gauti hidrinant augalinius aliejus, taigi bet kurj augalinj aliejy hidrinus
gaunamas to augalo sviestas.

Kakavos aliejus (Theobroma cacao L.), sviestmedzio aliejus (Vitellaria
paradoxa C. F. Gaertn.) ir kokoso aliejus (Cocos nucifera L.) yra visiSkai
natiiraliis augaliniai sviestai, kurie kambario temperatiiroje yra kietos
konsistencijos.

Hidrofobiniuose preparatuose vartojami emulsikliai, kurie veikia kaip
struktiirg stabilizuojan¢ios medziagos ir suriSa preparate galimai atsiradusj
vandens kiekj (pvz., paémimo metu, nesilaikant preparato laikymo salygy ir
pan.), taip neleisdami pakisti hidrofobinio preparato strukttrai. Nattralios
kilmés emulsikliai yra kai kurios riebaly riigstys, polimerai (akacijos sakai,
agaras, alginato druskos, celiulioz¢ ir kt), lanolinas, jo alkoholiai, choles-
terolis, cetilo ir cetostearilo alkoholiai, sojy ar kiauSiniy lecitinai, fosfo-
lipidai, vidutinés grandinés ilgio trigliceridai [168]. Daliai $iy emulsikliy
reikalingas zenklus vandens kiekis (pavyzdziui polimerams), kuriame jie
gali iStirpti ir formuoti emulsines struktiiras. Siekiant, kad emulsiklis suristy
nedidelius kiekius vandens, galimai atsirasianc¢ius preparato laikymo ir
vartojimo metu, medziaga turi biti tirpi lipiduose ir pasizyméti higrosko-
pinémis savybémis.

Dauguma riebiyjy komponenty hidrofobiniame preparate veikia kaip
struktiira formuojantys komponentai, tirpikliai. Parinkus skirtingos lydy-
mosi temperattiros lipidus uztikrinamas preparato elastiSkumas, tepumas
vartojimo metu. Dauguma riebiyjy komponenty gali biiti vartojami ne tik
kaip pagalbinés medziagos, bet ir kaip teigiamg poveik] odai turintys
preparatai — emoliantai. Emoliantai — tai preparatai skirti sausos odos gy-
dymui. Preparatai turi odg minkStinanciy, lipidais papildanéiy savybiy. Ant
odos pavirsiaus plévele formuojantys komponentai saugo oda nuo vandens
netekimo ir dar didesnio sausumo [107, 178].

Odos sausumas (kserozé) yra placiai paplitusi biikle, ypac¢ biidinga vy-
resnio amziaus zmonéms [153], kadikiams, nes jy oda plonesné ir mem-
branos laidesnés (vandens netekimas spartesnis) [69], dializuojamiems
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pacientams, diabetu sergantiems pacientams, ZIV pacientams, intensyviai
naudojantiems muilus, PAM, antibakterines medziagas alkoholio pagrindu.
Laiku neatstacius lipidy barjero, odos sausumas komplikuojasi ir vystosi
atopinis dermatitas, egzema.

Hidrofobiniai preparatai taip pat gali buiti naudojami ir kaip odos apsau-
ginés priemonés nuo Zzalingo aplinkos poveikio: véjo, $al¢io, UV spindu-
livotés sukelto dirginimo.

Hidrogeliai modeliuojami 1§ natiiralios kilmés polimery, gamtoje tai
dazniausiai yra jvairts polisacharidai. Labai platus pasirinkimas yra celiu-
liozés polimery, kurie yra skirtingy polimerizacijos laipsniy, skirtingi pa-
kaitai jvesti j celiuliozés struktiirg lemia skirtingas polimery savybes [168].
Hidrogelius galima modeliuoti i§ akacijos saky, agaro, ksantano dervos,
jvairiy augaly krakmolo. Siek tiek maZiau hidrogeliy gamyboje naudojami
polimerai yra jvairios algininés ragsties druskos, chitozanas, kuris yra
vienintelis nattiralus katijoninis polimeras [70].

Natrio alginatas yra iSgaunamas i§ rudyjy dumbliy. Natrio alginatas
vandenyje iSbrinksta ir suformuoja tirpalus pasizymin¢ius neniutoninémis
savybémis. Gretimos polimery grandys gali bati sujungtos panaudojus
daugiavalencius jonus (kalcio ar bario). Sgveika vyksta per cukrinés dalies
karboksilines grupes, taip suformuojamas gelis. TradiciSkai natrio alginatas
ir jo geliai placiausiai naudojami maisto pramonéje kaip stabilizatorius.
Alginatas naudojamas tekstilés ir popieriaus spausdinimo pramongje, dél
didelio spalvy naSumo ir spausinimo galimybiy. Sis polimeras pladiai
taikomas farmacijos pramonéje kaip pagalbiné¢ medziaga vaisty, protezy ir
zaizdy perriSimo priemonése. Pagrindiniai alginato privalumai yra bio-
suderinamumas ir imunogeniskumo nebuvimas, taip pat lengvas gelifika-
vimosi procesas, kuris nepazeidzia vaistinés medziagos. Alginato geliai
naudojami baltymy ir Igsteliy vaisty formy gamyboje. Pagrindinis alginato
trikumas, kad organizme jis néra natiiraliu fermentiniu biidu skaidomas [19,
113].

1.1.2. Pusiau kiety preparaty kokybés vertinimo metodai

Europos farmakopéja (04/2010:0132) pateikia Siuos rekomenduojamus

pusiau kiety preparaty kokybés vertinimo metodus:

e Qgaminant pusiau kietus preparatus vartojimui ant odos turi buti
atlickami atitinkami matavimai, kurie uztikrinty apibréztas produkto
reologines savybes. Esant reikalui gali biti atliekami Sie neprivalomi
testai: konsistencijos matavimas penetrometru (2.9.9), klampos (ta-
riamosios klampos) matavimas (2.2.10) ir testas, parodantis veik-
liosios medziagos atpalaidavima.
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e Gaminant pusiau kietus preparatus skirtus vartoti ant odos, turinéius
pagrinde netirpiy veikliyjy medziagy, turi biiti atliekami matavimai,
kurie uztikrinty tinkama preparato homogeniskuma jj vartojant [215].

Europos farmakopéjoje numatyta, kad sterilumo testas yra vienintelis
aprasSytas privalomas testas, jei pusiau kieto preparato specifikacijoje
numatyta, kad jis turi bati sterilus [215].

Chang su kolegomis publikuotame apzvalginiame straipsnyje [40]
pateikiami produkty, skirty vartoti ant odos, rekomenduojami tyrimai, kurie
gali buti naudingi vertinant produkty kokybe (organoleptiniy savybiy
tyrimas, vizualinis homogeniSkumo vertinimas, kiekybinis veikliyjy me-
dziagy vertinimas, pH nustatymas, produkto konsistencijos jvertinimas,
etc.). Dauguma $iy testy néra reglamentuoti kaip privalomi, taciau reko-
menduojami siekiant patikrinti ir patvirtinti modeliuojamo preparato kokybe
[40, 195].

1.1.3. Natiralios kilmés pusiau kiety preparaty privalumai ir
trukumai

Pusiau kieti preparatai skirti vartoti ant odos, vietinei ar transderminei

aktyviy junginiy pernasai, minkStinan¢iam ar apsauganciam veikimui.

Pusiau Kieti preparatai skirti vartoti ant odos susideda i$ paprasto ar su-

détinio pagrindo ir vienos ar daugiau veikliyjy medziagy, kurios yra istir-
pintos ar disperguotos pagrinde. Homogeninés iS§vaizdos pagrindas gali bati
i$ nattiraliy ar sintetiniy medziagy [215].

Verta plac¢iau panagrinéti, kokius privalumus ir triikumus turi natiiralios

kilmés odos prieziliros priemonés.

Odos priezitiros priemoniy, pagaminty i§ natiralios kilmés medziagy

privalumai:

e priemonés draugiskos aplinkai;

e natiralios kilmeés preparaty sudétyse esanc¢iy komponenty struktira
panasesné¢ | odoje esanciy medziagy struktiirg (pvz. riebiosios rugstys,
cholesterolis);

o tikima, kad nattiralGis preparatai sukelia maziau pasaliniy reiskiniy.

Odos prieziliros priemoniy, pagaminty i§ natiiralios kilmés medziagy

trukumai:

e trumpesnis galiojimo laikas. Natiiralis konServantai (dazniausiai
eteriniai aliejai) daznai mikroorganizmus veikia silpniau ir maZesnj
spektrag nei sintetiniai konservantai. Kai kurie mikroorganizmai gali
misti, nattiraliomis medziagomis, jeinan¢iomis j produkto sudét;.
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e produktai brangesni. Natiiralios kilmés medziagy iSgavimo resursai
riboti, iSgavimas gali reikalauti daugiau procediiry, priklausyti nuo
sezono, o tai lemia augancia galutinio produkto kaing.

e sudétiniy daliy nestabilumas, oksidacija, estetiniai ribotumai, nesu-
derinamumai tarpusavyje ir su kitomis medziagomis [50].

e sunkiau sumodeliuoti. Mazesnis spektras galimy medziagy, atliekan-
Ciy ta pacig funkcijg preparate. Be to, i§ nattraliy Saltiniy iSgautos
medziagos gali Siek tiek skirtis savo fizikinémis ir cheminémis savy-
bémis dél isgavimo procediiros, augimvietés, klimatiniy salygy [41].

Kita vertus, nepriklausomai nuo medziagy kilmés jas reikia vertinti kaip

chemines medziagas, potencialiai galinc¢ias sukelti nepageidaujamus reis-
Kinius. Pusiau kiety formuluo¢iy modeliavime gali biiti naudojamos jvairios
natiiralios medziagos. Dauguma jy hidrofobinés, pasizymincios skirtingomis
lydymosi temperataromis, todél modeliuojant pusiau kietas formuluotes yra
galimybé rintis i§ plataus spektro medziagy, siekiant iSgauti kokybiSkiausia
ir vartotojui priimtiniausig produkta. Galutinio produkto vertinimui pri-
valomy testy yra nedaug, taciau siekiant jvertinti preparato kokybe daznai
naudojami neprivalomi testai, kuriy rezultatai leidzia prognozuoti mode-
liuojamo produkto savybes. Natiiralios kilmés pusiau kietas kiino priezitiros
priemones yra daug sunkiau sumodeliuoti, taciau jos draugiSkos aplinkai,
sudétineés dalys artimesnés odos struktiiriniams komponentams ir daz-
niausiai yra labiau pageidaujamos galutinio vartotojo, nepaisant auksStesnés
kainos.

1.2. Medaus sudétis, fizikinés, cheminés ir reologinés savybés
ir naudojimas

Medaus teigiamosios savybés zinomos nuo senoveés Egipto laiky. 1 a.
Dioskoridas medy naudojo Zaizdy gydymui [126]. Siuo metu medaus
vartojimas medicinoje patiria renesansg, atsiranda vis daugiau Kklinikiniy
studijy vertinan¢iy medaus savybes jvairioms indikacijoms. Daugiausia
tyrinéta Manuka medaus rasis, kurios pagrindu yra sukurtos medicininés
priemonés: MediHoney® medus ir Optimel™ akiy lasai. MediHoney®
medus gali buti naudojamas Zaizdy gydymui arba gali bati naudojamas kaip
komponentas jvairiy kiino prieziiiros priemoniy sudétyse. Kiino prieziiiros
priemoniy pramoneéje yra daug jvairiy produkty (nuo Sampiiny, losjony iki
lupy pieStuky), kuriy sudétyse yra didesni ar mazesni kiekiai medaus.
DazZnai medus j kiino prieziGros priemones dedamas rinkodariniais tikslais,
tuomet jo kiekiai galutiniame produkte yra nedideli.
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Medaus organoleptinés savybés iSduoda, kad daugiausiai meduje nusta-
toma angliavandeniy (gliukozés ir fruktozés po 33-40 proc.), iki 20 proc.
vandens. Nedideliais kiekiais meduje nustatomi komponentai (jvairiis
mineralai, vitaminai, amino ragstys, baltymai, fermentai, ziedadulkés, po-
lifenoliniai junginiai, organinés riigstys, lakieji junginiai [13, 31]), taip pat
labai svarbis, nes dél jy medus yra vertinamas kaip naudingas maisto pro-
duktas, naudingesnis organizmui sacharozés pakaitalas.

Meduje esanciy mazyjy komponenty kokybiné ir kiekybiné sudétis gali
labai stipriai skirtis priklausomai nuo geografinés vietovés ir augalo rusies i$
kurio buvo surinktas nektaras. Tam tikry junginiy buvimas ir / ar jy kiekiai
meduje naudojami kaip zZymenys vertinant medaus kilmés vieta ir augaly
buidinga §iliniy virziy medui, o hesperitinas — citrusiniy vaisiy medui [13].

Siekiant medy vartoti ant odos, kaip veikligja medziagg, svarbios yra
medui priskiriamos antibakterinés, antiradikalinés, antioksidacinés savybés
[8, 9, 57], kurias daugiausiai lemia medaus ragstingumas, vandenilio perok-
sido kiekis, polifenoliy kiekis [57, 127]. Medus kaip produktas negali biti
standartizuotas, nes medus gautas i§ skirtingy augaly rusiy, augusiy
skirtingose klimatinése sglygose ir / ar geografinése vietovése skirsis, taciau
medui kaip produktui yra keliami tam tikri kokybés reikalavimai [156].
Reikalavimai (1.2.1 lentel¢) yra jtvirtinti Europos Komisijos direktyva
2001/110/CE ir perkelti j Lietuvos nacionaling teis¢ (ZUM jsakymas ,,Dél
medaus analizés metody“ 2000 m. sausio 10 d. Nr. 5 ir ZUM jsakymas Nir.
3D-333,,Dél medaus techninio reglamento patvirtinimo*®).

Mikroskopavimo metodu galima jvertinti medaus kristaliSkuma, o
medaus polinkis kristalizuotis vertinamas pagal gliukozés / fruktozés
santyki, drégme bei ziedadulkiy kiekj meduje. Gali biiti vertinamos medaus
reologinés, juslinés, tekstiirinés savybés, bei jvairus medaus sukeliamas
biologinis poveikis [27].

Medaus kaip produkto vertinime reologiniy savybiy analizé néra regla-
mentuota, taciau daznai yra vertinama siekiant nustatyti skirtumus tarp me-
daus rusiy. Reologiniy savybiy vertinimas gali biiti naudojamas kaip vienas
i§ botaninés prigimties nustatymo buidy [200]. IvairGis reologiniy savybiy
pokyciai (pvz. dél kristalizacijos) daro didele jtaka medaus paruoSimo pro-
cesams, todél reologiniy savybiy vertinimas svarbus jmonéms, gaminan-
¢ioms medy [53, 61]. Verta paminéti, kad medaus sudétyje yra amino rags-
¢iy, baltymy, kuriems priskiriami biologiniai poveikiai (pvz. antibakterinis)
[145], jie vertingi maistine prasme, todél medaus kaitinimas paruo$imo
metu galimas tik iki 40 °C temperatiiros. Jei medus paruoS$imo proceso metu
buvo perkaitintas jame zenkliai padidéja hidroksimetilfurfurolo kiekis [53].
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1.2.1 lentelé. Medaus kokybés vertinimo kriterijai

Kriterijus Verté

Redukuojancio cukraus kiekio nustatymas | ne maziau kaip 60 g/100 g

Sacharozés kiekio nustatymas ne daugiau kaip 5 g/100 g

Drégnumo nustatymas ne daugiau kaip 20 proc.

Vandenyje netirpiy medziagy kiekio

nustatymas svorio metodu ne daugiau kaip 0,1 ¢/100 g

ne daugiau kaip 50 roigSties miliekvivalenty

Bendrojo riigstingumo nustatymas 1 000 gramy

Diastazés aktyvumo nustatymas ne maziau kaip 8 vienetai

Hidroksimetilfurfurolo (HMF) nustatymas | ne daugiau kaip 40 mg/kg

Medaus botaninés sudéties nustatymas

Kita vertus medaus reologiniy savybiy vertinimas, kaip pusiau kiety
preparaty komponento, taip pat svarbus, nes jis daro jtakg viso preparato
reologinéms savybéms. Skirtingy rusiy medus gali turéti skirtingas
reologines savybes, todél Siy savybiy vertinimas svarbus siekiant pasirinkti
tinkama medaus rusj pagal pritaikymo sritj. Svarbu jvertinti medaus reo-
loginiy savybiy poky¢ius kintant temperatirai, nes sumodeliuoti pusiau Kieti
preparatai taip pat gali patirti temperattirinius poky¢ius.

Pagrindiniai faktoriai, darantys jtakg medaus reologinéms savybéms, yra
drégmés kiekis, medaus sudétis lemianti kristalizacija ir temperatira [61,
76, 179]. Dauguma mokslinés literatiros S$altiniy nurodo, kad medus
pasizymi niutoniniy skys¢iy savybémis [27, 53, 86, 111, 130, 146, 192],
taCiau yra nustatyty ir pseudoplastinémis bei dilatacinémis savybémis
pasizymin¢iy medaus rasiy. [53, 179, 183, 202].

Australijoje surinktos medaus rasys (Eucalyptus intemedia R. T. Baker,
Eucalyptus moluccana Roxb., Banksia ericifolia L. f., Eucalyptus crebra F.
Muell., Eucalyptus tetradonta F. Muell., Melaleuca quinquenervia (Cav.)
S.T.Blake, Eucalyptus ochrophloia F. Muell, Eucalyptus melliodor A.Cunn.
ex Schauer) pasizyméjo niutoninémis savybémis temperatiiry intervale nuo
1 °C iki 40 °C [130]. Liepy, saulégrazy medus taip pat pasizyméjo niu-
toninémis savybémis [53]. Tiksotropinémis savybémis pasizymi virziy
(Calluna wvulgaris (L.) Hull), grikiy (Fagopyrum esculentum Moench),
baltyjy dobily (Trifolium repens L.), Naujosios Zelandijos Manuka (Lep-
tospermum scoparium J. R. Forst. et G.Forst.) ir Indijos karvi (Carvia
callosa (Nees)) medaus rusys [27, 132]. Rumunijoje surinktos rapsy ir
lipCiaus medaus rusys pasizyméjo tiksotropinémis savybémis [53]. Di-
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latacinés savybés nustatytos Nigerijos (Opuntia engelmann Salm-Dyck ex
Engelmann) medui ir keletui eukalipty medaus risiy, pavyzdziui Eucalyptus
ficifolia (F. Muell.) K. D. Hill et L. A. S. Johnson [182]. Manoma, kad dél
neniutoniniy medaus savybiy yra atsakingi medaus sudétyje esantys anglia-
vandeniy kristalai, baltymai ir kitos stambiamolekulinés medziagos, pavyz-
dziui dekstranas [53, 132].

Verta pazyméti, kad medus laikymo metu yra linkes kristalizuotis. Kaip
greitai konkretus medus kristalizuojasi priklauso nuo medaus sudétyje
esancio gliukozés / fruktozés santykio, stambiamolekuliniy junginiy kiekio
ir netirpiy daleliy (pvz. ziedadulkiy) kiekio apie kurias Kkristalai gali
formuotis [179].

Dauguma autoriy, vertinan¢iy medaus reologines savybes, medaus pa-
vyzdzius prie$ tyrima pakaitina iki 55 °C ir tirpala 48 valandas laiko 30 °C
temperatiroje, kad pasiSalinty oro burbulai. Kaitinimu siekiama iStirpdyti
laikymo metu atsiradusius kristalus, taciau medaus kristalizacijos priezastys
néra pasalinamos, todél ilgainiui toks medus gali vél kristalizuotis [63, 130,
146]. Kita vertus yra autoriy, teigianéiy, kad netgi 83 °C temperatiiroje me-
daus sudétyje yra nustatoma tam tikros strukttros kristaly [22]. Smanalie-
va ir Senge (2009) [179] medaus pavyzdziy prie§ tyrimg nekaitino siekda-
mi, kad medaus reologinés savybés atspindéty medaus formg ir kristaly
kiekj.

Medaus terapiné nauda gydant zaizdas, opas, nudegimus zinoma nuo an-
tikiniy laiky [126]. Pastaruoju metu medus patyré renesansa, kaip priemoné
zaizdy gydymui. Sugrjzes susidoméjimas medumi ir Siuolaikinés galimybés
paskatino mokslininkus nustatyti junginius ir jy veikimo mechanizmus,
atsakingus uz medaus biologinj poveikj zaizdy gydyme. Vienas pagrindiniy
medui priskiriamy biologiniy poveikiy yra bakteriocidinés savybés pries
daugel; zaizdose nustatomy patogeny, netgi atspariy antibiotikams. Nu-
statyta, kad medaus bakteriocidines savybes lemia vandenilio peroksidas,
metilglioksalis, bi¢iy defensinas-1 ir ragstinis medaus pH [109]. Manoma,
kad medaus bakteriostatinés savybés gali biti susijusios su meduje esanciu
dideliu cukry kiekiu, kuris lemia didelj tirpalo osmoliariskuma, todél bak-
terijos nebegali augti [120]. Medus veikia kaip mechaninis barjeras, nes dél
medaus klampos papildomo uzterSimo galimybé sumazéja, o palaikomas
reikiamas drégmés kiekis skatina zaizdos gijimag [109].

Lasteliy modeliais jrodyta, kad medus turi imunomoduliaciniy savybiy
[118]. Meduje esantis stambiamolekulinis(iai) junginys(iai) aktyvina odoje
esancius makrofagus, o Sie skatina interleukino-6, naviky (angl. tumor) nek-
rozés faktoriaus-a, interleukino-1p gamyba ir i$siskyrima odoje. Kita vertus,
pernelyg intensyvi $iy citokiny gamyba ligonio biikle gali tik pabloginti, o
vienas i§ budy sustabdyti uzdegiminj ciklg yra i§ uzdegiminés aplinkos
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pasalinti reaktyvigsias deguonies rasis. Meduje esantys antioksidantai geba
tai padaryti, todél medus yra subalansuota priemoné uzdegiminio proceso
lasteliy modeliais jrodyta, kad medus pasizymi lasteliy regeneracijg skati-
nanciu poveikiu [126].

Mokslinéje literatiiroje yra praktiky atsiliepimy, klinikinés studijos pa-
tvirtina, kad medus yra efektyvi priemoné skatinanti zaizdy gijima [28, 65,
116], taciau esama studijy, atlikty gydant létines kojy veny opas, kurios
nepatvirtino medaus privalumy [85, 173]. Pastaruoju metu, atsiranda duo-
meny, gauty lgsteliy modeliais ir tyrimais su gyvinais, teigian¢iy, kad
medus pasizymi antiproliferacinémis savybémis [80], taciau klinikiniy
tyrimy, patvirtinan¢iy Siuos duomenis, rasti nepavyko.

Nepaisant to, kad klinikiniy studijy, jrodan¢iy medaus privalumus gydant
zaizdas ir nudegimus, yra nemazai, pazymeétina, kad dauguma ty studijy yra
prastos kokybés, mazy im¢iy, todél siekiant tvirto jrodymo, kad medus tin-
kamas zaizdy ir nudegimy gydymui, reikéty didelés imties, gerai sumode-
liuoto dvigubai aklo, randomizuoto klinikinio tyrimo [84].

Smulkios zaizdelés yra neatsiejamas iSsaus¢jusios odos palydovas, dél
suprastéjusiy sausos odos elastiniy savybiy ir barjerinés funkcijos. Sausos
odos gijimo procesas létesnis, dél nepakankamo drégmés kickio zaizdy
aplinkoje. Kaip minéta anks¢iau, odos sausumo gydymui ir profilaktikai
naudojami emoliantai, o j emolianty sudétj jeinantis medus atlicka dréki-
nancia, bakteriociding ir zaizdeliy gijima skatinan¢ig funkcijg. Al-Waili su
kolegomis atliko eile klinikiniy tyrimy, kurie jrodé medaus, bi¢iy vasko ir
alyvuogiy aliejaus miSinio teigiama poveikj atopinio dermatito, zvynelinés,
kontaktinio (Sauskelniy) dermatito, grybeliniy infekcijy pazeistos odos
(ivairiaspalvés dedervinés, kiino ir veido dermatofitozés), Herpes simplex
Viruso pazeistai odai [2-5]. Shirvani su kolegomis [176] atlik¢s trigubai aklg
randomizuotg tyrima nustaté, kad medaus gelis yra efektyvus malSinant
skausmg ir skatinant zaizdos gijimg po Cezario pjiivio.

1.3. Modelinés veikliosios medziagos ir ju biofarmaciniai tyrimai

Gamtinés kilmés junginiai placiai naudojami medicinos praktikoje.
Daliai gamtinés kilmés junginiy efektyvumas ir saugumas buvo patvirtinti
mais. Gamtinés kilmés preparatai yra gaminami ir vartojami jvairiomis
vaisty formomis priklausomai nuo paskirties. Pusiau kiety vaisty formy
vaistiniai preparatai su gamtinés kilmés medZziagomis skirti vietiniam var-
tojimui — dazniausiai kraujagysliy stiprinimui, nuskausminimui, atsi-
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koséjimo lengvinimui. Pusiau kietose formuluotése skirtose kiino priezitirai
gamtinés kilmés medziagy vartojimas jvairiomis koncentracijos labai platus.

Lietuvoje gudobeliy vaistiniai preparatai yra registruoti tik per os var-
tojamomis formomis (tabletémis, geriamuoju tirpalu ar lasais) su indika-
cijomis ] Sirdies ir kraujagysliy sistemg. Pastaruoju metu mokslininky
bendruomenéje kilusi iniciatyva jvertinti seniai Zinomy vaistiniy augaly
kitus poveikius. Portugalijos mokslininky grupé sumodeliavo pusiau kietas
formuluotes su gudobeliy ekstraktu ir jvertino jy antioksidacinj aktyvuma
[23]. Kinijos gudobeliy VAZ ekstraktai pasizyméjo melanoma slopinanéiu
[134] bei odos sen¢jimg stabdanciu [73] poveikiu Igsteliy modeliuose, todél
yra aktualu sumodeliuoti pusiau kietas formas su gudobeliy ekstraktais.

1.3.1. Gudobeliu Ziedu su lapais ekstrakto sudétis ir biologinis
aktyvumas

Europos farmakopéjos monografijose, skirtose gudobeliy ziedy su lapais
augalinei zaliavai (01/2010:1432) ir gudobeliy ziedy su lapais sausajam
ekstraktui, teigiama, kad augaliné Zaliava turi turéti maziausiai 1,5 proc.
flavonoidy, isreiksty hiperozido ekvivalentais. Sausajame ekstrakte, gauta-
me i$ vandeninés ar alkoholinés iStraukos, turi buti atitinkamai maziausiai
2,5 proc. arba 6 proc. flavonoidy, iSreiksty hiperozido ekvivalentais [215].

Jvertinus mokslinés literatiiros duomenis, nustatyta, kad gudobeliy Ziedy
su lapais ekstraktuose yra jvairiy fenoliniy junginiy, bet didziausiais kiekiais
nustatomi pagrindiniai keturi fenoliniai junginiai: fenoliné ragstis —
chlorogeno rugstis (CHR); flavono-C-glikozidas - viteksin-2"-O-ram-
nozidas (VOR) ir flavonolio-O-glikozidai — hiperozidas (HP) ir izokverci-
trinas (IKV) [136].

Barros ir kt. [24] jvertino gudobeliy ziedy (Crateagus monogyna Jacq.)
maisting verte ir nustaté, kad gudobeliy zieduose yra 77,42 + 1,30 proc. an-
gliavandeniy, 11,75 + 1,37 proc. baltymy, 3,57 + 0,15 proc. riebaly ir 7,25 *
0,26 proc. peleny. Simte gramy sauso gudobeliy Ziedy svorio nustatyta
159,84 + 25,06 mg tokoferoliy, 408,37 + 2,96 mg askorbo riigsties ir 52,62
* 0,02 mg B-karoteno [24]. Gudobeliy Zieduose nustatoma cukry, organiniy
ir fenoliniy ragsciy, terpeny, saponiny, taniny, eteriniy aliejy, kardiotoniniy
aminy, fenilpropranoidy: hidroksicinamono rtgsc¢iy, lignany, flavonoidy
[56, 108].

Ivairiy gudobeliy rasiy ekstrakty biologinis aktyvumas yra siejamas su
Sird] apsauganciu ir jvairius Sirdies ir kraujagysliy sutrikimus gydanciu
poveikiu [24,108], kurie priskiriami flavonoidams: hiperozidui, viteksinui ir
jo dariniams bei oligomeriniams procianidinams [56]. Gudobeliy ekstrak-
tams budingas antioksidacinis poveikis yra nulemtas chlorogeno ragsciy
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kiekio [56]. Nepaisant to, klinikinéje praktikoje naudojamas gudobeliy
ekstraktas, neskirstant atskiry junginiy. Tyrimais in vitro, in vivo ir Klini-
kiniais tyrimais jrodyta, kad gudobeliy ekstraktas pagerina Sirdies darba,
kraujotakg ir tolerancijg darbui esant deguonies trukumo biiklei, turi anti-
aritminiy poveikiy bei sumazina pokriivj [52, 58, 99, 190]. Dalli ir kt. [51]
atliktas klinikinis tyrimas jrod¢, kad gudobeliy ekstraktas sumazina neutro-
fily elastazés ir didelio tankio lipoproteiny cholesterolio kiekius diabetu
sergantiems pacientams su Sirdies nepakankamumu, po 6 ménesiy gudobeliy
preparato vartojimo. Kity autoriy tyrimai teigiamy gudobeliy ekstrakto
poveikiy nejrodé. Asher ir kt. [16] teigia, kad jei gudobeliy ekstraktui ir
budingas antihipertenzinis efektas, jis iSreikstas ne per NO sistema; Zick ir
kt. [208, 209] teigia, kad gudobeliy ekstraktas nepagerina $irdies nepakan-
kamumu serganciyjy prognozés bei neturi simptominiy bei funkciniy tei-
giamy efekty jiems.

Kita vertus, pastaruoju metu mokslingje literatiiroje skelbimi duomenys
apie kitus biologinius poveikius badingus gudobeliy ekstraktui. Daugiausiai
C. monogyna Jacq. ekstraktai buvo efektyviis prieS Candida albicans
grybelj ir Herpes simplex virusa [144], tac¢iau Tadic ir kt. [190] nenustaté
gudobeliy ekstrakto efekto pries C albicans. Nustatyta, kad sausieji gudo-
beliy ekstraktai (Crataegus monogyna Jacqg., Crataegus oxyacantha L.,
Crataegus laevigata (Poir.) DC.) turi uzdegima slopinanciy, Virskinimo
trakta apsauganciy ir prieSmikrobiniy savybiy [25, 104, 190]. Hwang su
kolegomis atliktame tyrime nusatyta, kad gudobeliy ir ZzenSenio ekstrakty
misinys pasizyméjo odos senéjima stabdanciu efektyvumu tyrimuose Su
zmogaus odos fibroblastais ir Zzmogaus oda [73]. Mustapha su kolegomis
nustaté, kad gudobeliy ekstraktas pasizymi melanomg ir melanino gamyba
slopinanciu efektu [134].

Daug autoriy tyrimais in vitro nagrin¢ja skirtingy gudobeliy augalo daliy
ir rasiy antioksidacinj ir antiradikalinj aktyvumus [24, 97, 177]. Tyrimais
nustatyta, kad C. monogyna Jacq. apsaugo nuo UVA ir UVB spinduliy
sukeliamy laisvyjy radikaly pazaidy [54, 83]. Jvairiy C. monogyna Jacq.
vaistiniy augaliniy zaliavy ekstraktai pasizyméjo antiproliferaciniu akty-
vumu, susijusiu su vézio progresavimu ir vystymusi. Ekstraktai turéjo jtakos
lasteliy dauginimuisi, apoptozei, lasteliy diferencijacijai ir kraujagyslinio
tinklo vystymuisi, taciau nepasizyméjo toksiSkumu ne vézinéms lgsteléms
[167]. Kiti autoriai, taip pat nurodo pries§vézinj Crataegus spp. aktyvuma
zmogaus gerkly vézio (Hep-2), Zmogaus skrandzio vézio (MGC-803) ir
zmogaus tulzies vézio (EJ) Iasteliy linijoms [189].

Chlorogeno riigstis. Augaluose daznai nustatomi chlorogeno riigsciy
(CHR) grupés junginiai. Jie priklauso fenoliniy junginiy klasei, fenolinéms
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rugstims. Chlorogeno rtigstys yra hidroksicinamono ragsciy (kavos, ferulo,
p-kumaro ir sinapo ragsciy) ir kvino ragsties esteriai. Labiausiai paplites ir
daznai bendriniu pavadinimu vadinamas butent kavos riigSties esteris.
Esteriné jungtis sudaryta susijungus kavos rtgsties karboksi grupei su kvino
rugsties alkoholine grupe. Chorogeno riigSties molekulinis svoris yra
354 g/mol, o apskaiciuotasis logaritminis medziagos pasiskirstymo oktano-
lyje / vandenyje koeficientas (logP) lygus (-0,4) [137], kuris rodo, kad CHR
yra nestipriai hidrofilinis junginys, kurio dvi dalys tirpsta oktanolyje ir
penkios dalys vandenyje.

CHR placiai paplitusi daugelyje augaly. Daug jos nustatoma kavos pu-
pelése [43]. Kadangi CHR nustatoma maisto produktuose, klinikiniais
tyrimais daugiau tyrinétas biologinis pasisavinimas pavartojus per os. Dau-
gumoje studijy dalyvavo mazai tiriamyjy, o gauti biologinio pasisavinimo
rezultatai jvairavo tarp atskiry individy (7-72 proc.), todél galutiniy iSvady
apie CHR biologinj pasisavinimg daryti dar negalima [129, 206]. Renouf ir
kt. [165] atlikto tyrimo metu nustatyta, kad suminé CHR koncentracija
kraujo plazmoje priklauso nuo suvartotos dozés, taciau nepakitusios CHR
biologinis pasisavinimas nedidelis. D¢l Zarnyne vykstan¢io metabolizmo,
véliau atsirandanciy CHR metabolity kraujyje buvo daugiau ir jy kiekis
buvo maziau susij¢s su pavartota doze [165].

CHR skvarba | oda tirta dar maziau. Japonijos mokslininkai CHR nau-
dojo kaip modeling medziagg siekdami jvertinti, kaip $i medziaga skverbiasi
1 Yucatan mikrokiauliy ir juros kiauly¢iy nugaros oda [78, 98]. Yutani ir kt.
[78] tyrimy tikslas buvo palyginti dviejy sudé¢iy mikroemulsijy jtakg CHR
skvarbai pro Yucatan mikrokiauliy odg. Tyrimy metu nustatyta, kad is
mikroemulsijos su sacharozés laureatu j epiderm;j prasiskverbé 0,25 proc., o
] dermg 0,12 proc. CHR, ir tai buvo 6 ir 3,5 karto daugiau nei iS mikro-
emulsijos su tvinu 80, atitinkamai po 40 valandy tyrimo [78].

Kitagawa ir kt. [98] atlikto tyrimo tikslas buvo jvertinti skirtingy tipy
mikroemulsijas kaip CHR nesiklius j Yucatan mikrokiauliy ir juros kiau-
ly¢iy odg. Tyrimais nustatyta, kad iS vandeninio neSiklio (1,49 pumol/g odos)
CHR skverbiasi j jaros kiauly¢iy oda, taciau nesikaupia joje, 0 mikroemul-
sijos ypac aliejus — vanduo tipo paskatina CHR kaupimasi odoje. Tokia pati
tendencija buvo patvirtinta ir su Yucatan mikrokiauliy oda. Tyrimo metu
taip pat buvo nustatyta, kad mikroemulsijos gelis apsaugojo jiros kiaulyciy
oda nuo UVB sukeltos eritremos [98].

Marti-Mestres ir kt. [121] nustaté, kad CHR skvarba po 48 valandy
tyrimo j kiauliy ausy oda yra 0,48 pg/cm? val. Dabboue ir kt. [49] tyrimas
patvirtino, kad 30 karty lipnia juostele pasalinus zmogaus ar kiaulés odos
raginj sluoksnj (stratum corneum) sluoksnj, gaunamas pazeistos odos
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eksperimentinis modelis, panaSus | subadyma mikroadatélémis. PaZeista oda
buvo laidi 1 proc. CHR tirpalui.

CHR biologinis aktyvumas vertinamas tyrimais in vitro, jvairiais lasteliy,
(dazniausiai nedideliy im¢iy) nustatyta, kad CHR turi antioksidacinj akty-
vumg [46, 105], antihipertenzinj poveikj per NO vazodilatacinj mechanizmg
[131,198], mazina gliukozés absorbcija [191], uzdegimg ir kitus cukrinio
diabeto rizikos faktorius [90].

Tyrimais in vitro nustatyta, kad CHR pasizymi antimikrobiniu aktyvumu
prie§ E. coli, S. pneumoniae, B. subtilis, S. aureus, Shigella dysenteriae,
Salmonella Typhimurium mikroorganizmy padermes [87, 115]. Panaudojant
lasteliy ir audiniy modelius nustatytas antioksidacinis [171] ir uzdegima
slopinantis poveikiai [194]. Tyrimu su laboratorinémis Ziurkémis jrodytas
CHR uzdegimg slopinantis ir analgetinis poveikiai, bet paneigtas kars¢ia-
vimg slopinantis poveikis [170].

Viteksin-2"-O-ramnozidas. Viteksin-2"-O-ramnozidas yra flavonoidy
grupés C glikozidas. Viteksin-2"-O-ramnozido molekulinis svoris yra 578,5
g/mol, o logP yra (-0,9) [138], kuri rodo, kad VOR yra silpnai hidrofilinis
junginys, kurio 1 dalis tirpsta oktanolyje, o 8 dalys vandenyje.

Anglies glikozidai yra daug re¢iau sutinkami augaluose nei deguonies
glikozidai [163, 203]. VOR kaip ir daugelis fenoliniy junginiy dazniausiai
gaunamas su maistu, todél dauguma autoriy orientuojasi j biologinio pa-
sisavinimo pro virskinamajj traktg tyrimus. Tyrimy su Zmonémis, kuriuose
buty tirtas izoliuotas VOR junginys mokslinéje literatiroje nustatyti
nepavyko, taCiau yra tyrimy, atlikty su laboratoriniais gyvtnais. Ma ir kt.
[117] nustaté, kad Ziurkéms po vienkartinés VOR dozés pavartotos per os,
biologinis pasisavinimas buvo mazas, bet | sisteming kraujotaka patekusi
dalis greitai (0,75 val.) pasieké maksimalig koncentracijg kraujyje ir pasi-
skirsté audiniuose (po 0,5-1 valandos didziausios koncentracijos nustytos
kepenyse ir inkstuose), o pusinés eliminacijos laikas buvo 2,32 val. Pro
hematoencefalinj barjera VOR nepra¢jo. Nustatyta, kad didziausia VOR
dalis yra Salinama su iSmatomis (~88 proc.). Kiti autoriai taip pat nustateé,
kad VOR biologinis pasisavinimas mazas [11,60].

Tyrimy, kuriuose biity tirta VOR skvarba j odg mokslinéje literatiiroje
nustatyti nepavyko, nepaisant to, yra tyrimy su Igsteliy modeliais, jrodanciy
VOR efektyvumg gydant melanomg [134]. Jvairiais tyrimais nustatytas
VOR ar viteksino efektyvumas prie§ uzdegimo sukeliamg skausma [14, 32],
analgetinis poveikis per opioidinius receptorius [149, 207], apsauginis
poveikis nuo peroksido sukeliamo oksidacinio streso [199].

Hiperozidas (HP) ir izokvercitrinas (IKV). Hiperozidas ir izokvercitrinas
yra flavonoidy klasés flavonoliy glikozidai. Hiperozidas ir izokvercitrinas
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yra stereoizomerai, nes prie flavonolio kvercetino aglikono yra prisijungu-
sios cukrinés dalys, besiskiriancios viena OH grupés padétimi. Hiperozido
sudétyje yra galaktozé, o izokvercitrino — gliukozé. HP ir IKV molekulinis
svoris yra 464 g/mol, o logP yra 0,4 [139, 140], kuri rodo, kad junginiai yra
silpnai lipofiliniai — 5 dalys tirpsta oktanolyje, o 2 dalys vandenyje. Eksperi-
mentiniais metodais nustatytas izokvercitrino logP buvo 0,77 [133].

Kvercetino glikozidai yra placiai augaluose nustatomi junginiai, kuriy yra
vaisiuose, darzovése, griidinése kultiirose, vaistiniuose augaluose. Neziiirint
to, kad $iy junginiy paplitimas didelis, augaluose nustatomi kiekiai yra
nedideli [196]. IKV yra dazniau sutinkamas kvercetino glikozidas nei HP.

Iki Siol yra nedaug studijy su jvairiais gyviinais ir Zmonémis, kurios biity
vertinusios izoliuoty HP ar IKV biologinj pasisavinimg. IKV biologinis
pasisavinimas vertintas ziurkiy [38, 119, 154], Suny [164], kiauliy [37],
zmoniy [133, 143] organizmuose, taciau jy rezultatai panasis nepriklau-
somai nuo gyvino rusies. Nustatyta, kad IKV biologinis pasisavinimas per
0s geresnis (9-12 proc.) nei kvercetino (2-3,8 proc.) [196]. Nedideliais
kiekiais IKV pasiskirsto ziurkiy smegenyse, kepenyse, Sirdyje, inkstuose,
plauciuose ir kraujo plazmoje [154]. Per pirmas 24 valandas Slapime
nustatoma 1,2-6,7 proc. IKV dozés metabolity pavidalu Zmoniy ir ziurkiy
organizmuose [42, 143].

Mokslinéje literatiroje yra HP biologinio pasisavinimo studijy atlikty su
ziurkémis [38,39]. Studijy metu nustatyta, kad ziurkiy organizmuose
nustatomi didesni veikliyjy junginiy kiekiai kuomet jie suvartojami (per o0s
ar i.v.) gudobeliy ekstrakto pavidalu nei gryny komponenty pavidalu [39].
IKV yra daug geriau absorbuojamas ziurkiy organizmuose nei HP, dél
skirtingy cukriniy liekany [39].

IKV ir HP skvarba j odg tirta dar maziau, mokslinéje literatiiroje Sia tema
pavyko rasti tik vieng tyrimg [114], kuriame buvo tirta kvercetino, jo poli-
metilinto junginio ir glikozidy skvarba | peliy oda. Tyrimo metu nustatyta,
kad IKV ir HP skvarbos koeficientai skiriasi: HP skvarbos koeficientas
buvo 15,64 + 4,05 (skvarbos greitis 1,08 + 0,28 nmol/cm?/val), o IKV —
5,65 + 0,62 (skvarbos greitis 0,09 + 0,01 nmol/cm?/val). Kita vertus in vitro
ir Igsteliy tyrimais yra nustatyti HP ir IKV biologiniai poveikiai odoje. HP
pasizyméjo antioksidaciniu poveikiu, apsaugan¢iu melanocitus nuo perok-
sido sukeliamy pazaidy, apoptozés, skatino melanocity proliferacija [74].
IKV pasizyméjo kolageno sintez¢ skatinanciu, antioksidaciniu poveikiu
[152].

Klinikiniy studijy, tirian¢iy izoliuoty HP ar IKV biologinius efektus, rasti
nepavyko.
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1.3.2. Vaistiniy melisy lapuy ekstrakto sudétis ir biologinis aktyvumas

Europos farmakopéjos monografijoje (01/2010:2524), skirtoje vaistiniy
melisy lapy vaistinei augalinei zaliavai, teigiama, kad vaistiniy melisy
lapuose turéty buti nustatoma 4 proc. hidroksicinamono riigsciy junginiy,
iSreik$ty rozmarino ragstimi [215].

Surinkus mokslinés literatiiros duomenis nustatyta, kad vaistiniy melisy
lapy ekstraktams yra budingi keliy klasiy junginiai: eteriniai aliejali,
terpenai, fenolinés rtgstys ir flavonoidai. Fenolinés ruigstys yra pagrindiniai
vaistiniy melisy lapy junginiai [175], o i§ fenoliniy ragsciy didZiausiais
kiekiais nustatoma rozmarino rtigstis [15].

Vaistiniy melisy lapy pagrindiniai biologiniai poveikiai yra priskirami
lakiems junginiams ir fenolinéms riigstims. Vaistiniy melisy lapy ekstraktai
nuo seno naudojami neurologinéms, psichikos ligoms gydyti, o Sias indi-
kacijas pagrindzia klinikinés studijos. Vaistiniy melisy ekstraktas turéjo
jtakos sveiky savanoriy pazintinei funkcijai ir nuotaikai normaliomis [91,
92, 172] ir laboratorijoje sukeltomis stresinémis saglygomis [93]. Kitose kli-
nikinése studijose nustatytas vaistiniy melisy lapy ekstrakto antioksidacinis
[204], antihiperlipideminis [82] poveikiai, ekstraktas sumazino padaznéjusj
Sirdies plakimo ir nerimo epizody skai¢iy [7]. Vaistiniy melisy lapy ekstrak-
tas buvo efektyvus gydant Herpes simplex infekcija [100].

Tyrimais su gyvinais nustatomi ir Kiti vaistiniy melisy ekstrakto bio-
loginiai poveikiai. Vaistiniy melisy ekstrakto vartojimas peléms sumazino
skausmg [64]. Lasteliy modeliuose vaistiniy melisy lapy ekstraktas pasi-
zyméjo Herpes simplex viruso dauginimasi stabdanciu [124] poveikiu.
Rozmarino rigstis (RR). Rozmarino rugstis yra fenoliniy, hidroksicinamono
rugsciy klasés junginys. RR yra kavos riigsties ir 3,4-dihidroksifenilpieno
rugsties esteris. RR molekulinis svoris yra 360 g/mol, o logP yra 2,4 kuri
rodo, kad RR yra lipofilinis junginys, kurio 251 dalis tirpsta oktanolyje ir 1
dalis — vandenyje [141].

RR dazniausiai yra nustatoma notreliniy (lot. Lamiaceae) ir agurkliniy
(lot. Boraginaceae) augaly Seimose, taip pat atskiruose kity Seimy auga-
luose. Augaluose paplitusi gana placiai [157]. Kaip ir daugelio fenoliniy
junginiy RR biologinis pasisavinimas tyrinétas po pavartojimo per o0s.
Tyrimy su Caco-2 lasteliy monosluoksniu modeliu rezultatai rodo, kad RR
pro zarnyno sieneles skverbiasi paralgsteliniu keliu, o absorbcijos efektyvu-
mas yra zemas. Tyrimo rezultatai leido daryti hipotez¢, kad RR metabo-
lizuojama ne gleiviniy esteraziy, bet virSkinamojo trakto mikrofloros ir tuo-
met efektyviai absorbuojama [102]. Rezultatus patvirtino Qiang su kole-
gomis [161] nustates, kad RR gliukoronidai ir sulfatai daug efektyviau
absorbuojami iS apikalinés j bazolateraling Caco-2 lasteliy pus¢. Rezultatus
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patvirtina ir in vivo studijos su ziurkémis, kurios RR vartojo per os. Po 18
valandy tyrimo Zziurkiy $lapime nustatyta 5,47 proc. pavartotos RR dozés
jvairiy metabolity pavidale [21]. Nustatyta, kad RR biologinis pasisavinimas
panaSus ] galo rugsties ir deSimt karty mazesnis nei kavos ragsties [101].
Tyrimais in vitro ir in vivo nustatyta, kad RR biologinj pasisavinimg pa-
gerina RR ir fosfolipidy kompleksas [75]. Baba ir kt. [20] jvertino RR
biologini pasisavinima Zzmoniy organizme pavartojus Perilla fructescens
(L.) Britton ekstrakto ir nustaté, kad laisvos RR ar jos metabolity (metilintos
RR ir ferulo rigsties) kraujyje ir Slapime nustatomi labai nedideli kiekiai, o
daug daugiau nustatoma konjuguotos formos junginiy. Bendras RR kiekis
visomis formomis isskirtas su Slapimu sudaré 6,3 proc. pavartotos dozés.
Randomizuotu, placebu kontroliuojamu klinikiniu tyrimu (n=11) nustatyta,
kad maisto vartojimas kartu su RR per o0s pagerino absorbcija, bet maksi-
malios koncentracijos plazmoje pasiekimo laikg prailgino nuo 1 iki 3 va-
landy. Tyrimo autoriai teigia nenustat¢ jokiy saugumo ar toleravimo
problemy, susijusiy su RR vartojimu [142].

Verta pazyméti, jog viena pirmyjy studijy, vertinusiy RR biologinj
pasisavinima, vertino ir $ios medziagos skvarbg pro Ziurkiy oda [166]. Au-
toriai nustaté, kad RR gerai (absoliutus biologinis pasisavinimas 60 proc.)
skverbiasi pro ziurkiy odg ir transderminis kelias gali biiti naudojamas
siekiant sisteminio uzdegima slopinancio RR efekto, nes préjus 4,5 valandos
(t max) po RR pavartojimo, ji nustatyta ziurkiy kraujyje, odoje, raumenyse
ir kauluose. Mokslinés literatiiros duomeny paieska atskleidé, kad §io tyrimo
rezultatai nepaskatino susidoméjimo RR skvarba pro / j odg ir iki Siol $i
sritis labai menkai tirta. RR skvarba | peliy oda tirta siekiant palyginti
paprastg hidrogelj su hidrogeliu, kuriame RR jterpta j niosomas. Autoriai
nustaté, kad RR skverbiasi j peliy odg ir i§ paprasto hidrogelio, taciau nio-
sominis hidrogelis skvarbg pagerina. Autoriai §j hidrogel; sitilo vartoti gy-
dant odos akne [34].

Nepaisant to, kad skvarbos j odg tyrimy atlikta labai ribotai, RR yra su-
sidomeéjima keliantis junginys, pasizymintis jvairiais biologiniais poveikiais,
jrodytais tyrimais in vitro ir in vivo. Tyrimai atlikti su Zmoniy keratinocity
lasteliy linija (HaCaT) jrodé, kad RR efektyviai apsaugo nuo UVA ir UVB
spinduliy sukeliamo oksidacinio streso ir DNR pazaidy bei skatina
melanogeneze [155, 160, 197]. In vitro tyrimai rodo antiherpetinj RR akty-
vumg [17]. Tyrimu su pelémis jrodyta, kad RR vartojama ant odos stabdo
gydant atopinj dermatitg [112], sezonines alergines ligas [148], mazinant
osteoartrito sukeliamg skausmg [45].

Surinkus literatiiros duomenis, nustatyta, kad gudobeliy Ziedy su lapais ir
vaistiniy melisy lapy ekstraktams biidingi fenoliy klasés junginiai: flavo-
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noidai ir fenolinés rugstys. Biofarmacineés ekstrakty ir atskiry vyraujanciy
fenoliniy komponenty savybés daugiausiai tyrinétos i§ per 0S vartojamy
vaisty formy. Kita vertus, gudobeliy Ziedy su lapais ir vaistiniy melisy lapy
ekstraktams ir / ar atskiriems vyraujantiems fenoliniems komponentams
budingi jvairts biologiniai poveikiai taip pat ir poveikiai odoje. [vertinus
mokslinéje literatiiroje skelbiamus biologinio poveikio tyrimus nustatyta,
kad gudobeliy ziedy su lapais ir vaistiniy melisy lapy ekstraktus verta jterpti
1 pusiau kietas vaisto formas ir jvertinti, ekstraktuose esanciy vyraujanciy
fenoliniy komponenty, biofarmacines savybes.

1.4. Reologija: pagrindiniai parametrai, medZiagy tekéjimo tipai,
metodo taikymas

Stabilumo jvertinimas yra sunkiausia uzduotis modeliuojant pusiau kietas
formuluotes. Reologijos metodo naudojimas stabilumo tyrimo metu sudaro
galimybes jvertinti pusiau kiety formuluociy struktiiros vidiniy rysiy
pokyc¢ius, nesant matomy pakitimy. Pritaikius reologiniy savybiy nustatymo
metodikas galima jvertinti pusiau kiety formuluoCiy tepuma, struktiirinius
pokycius temperatiiros pokytyje, elastingumo ir klampumo dedamasias
dalis.

Reologija (gr. rheos — tekéti; logia — mokslas) tai mokslas, tiriantis me-
dziagy deformacijg ir takumg. Ji tyrin¢ja skyscius, puskiecius ir kietus
kiinus, tokiomis salygomis kada $ie ne tik deformuojasi, bet ir teka. Siuo-
laikinés reologijos esmé yra kontroliuojamomis sglygomis jvertinti méginio
takumg esant tam tikrai deformuojanciai jégai. Tekéjimo tyrimuose pri-
klausomai nuo pasirinkty sglygy ar turimos jrangos gali biiti kontroliuo-
jamas vienas i§ dviejy pagrindiniy parametry (poslinkio jtempis ar poslinkio
greitis), tuomet atitinkamai matuojamas Kitas parametras. Taip pat kontro-
liuojami kiti dydziai: temperatiira, meéginio storis, matavimo sistema (kiigis
ar plokstel¢), matavimo sistemos skersmuo. Esant kontroliuojamam poslin-
kio greiciui yra jvertinama kokios jégos reikia sukelti méginio tekéjima, o
esant kontroliuojamam poslinkio jtempiui jvertinama kokiu grei¢iu méginys
geba tekéti prie uzduotos jégos. Pagal gauta tekéjimo kreive (reograma)
galima jvertinti kokiy medziagy savybémis pasizymi tiriamasis meginys
(1.4.1 pav.), bei pritaikius jvairius matematinius modelius apskaiciuoti
iSvestinius parametrus.
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Poslinkio jtemptis, Pa

v

Poslinkio greitis, 1/s

1.4.1 pav. Medziagy tekéjimo tipy reogramos, kai kontroliuojamas
tekéjimo greitis
a — pseudoplastinis su ribiniu takumu; b — plastinis; c- pseudoplastinis;
d — niutoninis; e — iSsipleciantis

Pagrindiniai iSvestiniai parametrai yra ribinis takumas, konsistencijos
koeficientas, tekéjimo indeksas, dinamin¢ klampa.

Ribinis takumas [Pa] — tai dydis, kuriuo nustatoma kiek pradinés jégos
reikia norit méginyje sukelti tekéjima. Esant maziems poslinkio jtempiams
tokios medziagos neteka, bet patiria griztama deformacija, taip kaip kietieji
elastiski kiinai. Kai yra pasiekiamas tam tikras poslinkio jtempis (ribinis),
medziagos teka kaip skysc€iai. Prie mazy poslinkio jtempiy medZziagos
neteka, nes jy struktira paprastai yra kaip tinklas, apimantis visg sistema,
pasiekus tam tikrg poslinkio jtempj, kada $is tinklas yra dalinai pazeidzia-
mas, tokios medziagos pradeda tekéti. Dazniausiai §i savybé biidinga pus-
kietéms medziagoms [62].

Konsistencijos koeficientas [(Pa-s)"] — tai klampos rodiklis. MedZiagai
pasizymint niutoninémis savybémis konsistencijos koeficientas sutampa su
dinamine klampa.

Tekéjimo indeksas — bedimensinis dydis, kuriuo apibiidinama Kkaip labai
tirlamosios medziagos savybés yra nutolusios nuo niutoniniy skysciy
savybiy. Kinta nuo 0 iki 1. 0 reik§mé rodo, kad medziagai buidingos idealiai
kieto kiino savybés, o 1 rodo, kad medZziagai biidingos niutoninés savybes.

Dinaminé klampa (Pa-s) — tai dydis, kuriuo apibiidinama medziagos
tendencija prieSintis jégai.

Tiesiogiai dinamin¢ klampa turéty biiti matuojama tik niutoniniams
skysCiams, nes matavimas vyksta vieno taSko principu. Prie tam tikro po-
slinkio grei¢io yra jvertinamas poslinkio jtempis. Kadangi niutoniniy
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skysCiy reograma yra tiesé nuo koordina¢iy pradzios tasko, tai esant bet
kokiam poslinkio grei¢iui poslinkio jtempis gausis toje pacioje tieséje.

Daznai dinamin¢ klampa vieno taSko principu yra matuojama neniuto-
niniams skysc¢iams, tuomet gaunama tariamoji dinamin¢ klampa, kuri rodo,
kokia medziagos klampa biity, jei ji pasizyméty niutoninémis savybémis.
Matavimas vieno tasko principu turi nemazai trikumy, kadangi esant
skirtingiems poslinkio grei¢iams gali biiti gaunama visiskai kitokia tariamoji
dinaminé klampa [33].

Reologijos asociacijos moto — ,,viskas teka* atskleidZia reologijos moks-
lo taikymo galimybes, taCiau yra nemazai sri¢iy, kur reologiniy charakte-
ristiky nustatymas turi prakting reikSme. Reologijos mokslas atsirado ir
vystési maisto technologijos moksle ir pramonéje, todél dauguma funda-
mentiniy pavyzdziy yra i§ maisto technologijos srities, kur §is mokslas
placiai taikomas iki Siol. Didele praktine reikSme reologiniy charakteristiky
nustatymas turi dazy, asfalto, metalo lydiniy, polimery moksle ar bet ku-
riuoje kitoje pramonés Sakoje, kur svarbus medziagy takumas.

Pusiau kiety formuluo¢iy modeliavimas ne iSimtis, kadangi priimtinas
tepumas (takumas) yra viena svarbiausiy charakteristiky vertinant formu-
luotés patrauklumg. Kiino prieziliros priemonés gali pasizyméti labai
skirtingomis reologinémis savybémis, nuo niutoniniy skysc¢iy savybémis
pasizyminciy, kiino pieneliy iki pseudoplastiniy medziagy su ribiniu takumu
pasizyminciy, kiino sviesty. PanaSios konsistencijos formuluotés tepimo
metu gali turéti labai skirtingas savybés priklausomai nuo vidiniy struktt-
riniy rysiy tvirtumo. Viena formuluoté gali lengvai teptis ir pasiskirstyti ant
odos pavirsiaus, o kitg iSsskirstyti gali biiti sunku, todé¢l reologiniy savybiy
nustatymo tyrimai padeda prognozuoti tokias savybes ir jas susieti su or-
ganoleptiniy savybiy tyrimo rezultatais. Vidiniy struktiiriniy rySiy tvirtumas
svarbus ne tik tepimo metu, bet ir laikymo. Taikant reologijos mokslg ne
tiesiogiai galima vertinti ir sumodeliuoty formuluo¢iy strukttrinius rysius,
juy stabilumg. Siekiamybé yra sumodeliuoti pusiau kieta formuluote, kuri
laikymo metu i$laiko savo struktiirg, tac¢iau tepimo metu lengvai pasiskirsto
ant odos. Vidiniai struktiriniai rySiai turi buti tvirti laikymo metu, bet
lengvai nutraukiami, veikiant jégai. Reologiniy savybiy tyrimas yra jautrus
jrankis siekiant nustatyti puskieciy preparaty struktirinius pokyéius [103].

Ivertinus mokslingje literatiroje apraSomas reologijos metody taikymo
galimybes, nustatyta, kad tai tinkamas metodas vertinant modeliuojamy
pusiau kiety formuluociy kokybe ir stabiluma.
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2. TYRIMU OBJEKTAS IR METODAI

2.1. Tyrimy objektas

Tyrimy objektas yra eksperimentinés puskietés formos (tepalai, vanduo-
aliejus (v-a) tipo kremai, hidrogeliai) sumodeliuotos naudojant nattralias
medziagas, 1 kurias jterpti modeliniai gudobeliy ziedy su lapais ar vaistiniy
melisy lapy ekstraktai.

2.2. Reagentai ir medZiagos

Sausieji vaistiniy melisy lapy ir gudobeliy ziedy su lapais ekstraktai gauti
IS jmonés ,Naturex“ (Avignon, Pranciizija). Gudobeliy ziedy su lapais
vaistiné augaliné Zaliava gauta i§ UAB ,,Acorus Calamus* (Kaunas, Lie-
tuva). Etanolis (96,3 proc.) gautas iS AB ,,Stumbras* (Kaunas, Lietuva).
Grikiy, rapsy, eukalipty medus gautas i§ UAB ,,Korio laboratorija“ (Kaunas,
Lietuva), akacijy medus i§ FURSTEN-REFORM Dr. med. Hans Pliimer
Nachf. GmbH & Co. KG (Braunschweig, Vokietija), miSko medus surinktas
dr. Algirdo AmSiejaus. Biciy vaSkas gautas i§ UAB ,,Bi¢iy korys™ (Vilnius,
Lietuva).

Kietasis parafinas, baltasis vazelinas, cholesterolis, alyvuogiy aliejus,
natrio alginatas, rozmarino rtigstis, chlorogeno rtigstis, hiperozidas, izokver-
citrinas, 2,2-difenil-1-pikrilhidrazilas (DPPH), acetonitrilas, acto ragstis,
Folin-Ciocalteu reagentas, viteksin-2"-O-ramnozidas, natrio benzoatas gauti
i$ Sigma-Aldrich Chemie GmBH (Steinhem, Vokietija).

Kalcio chloridas, natrio chloridas, bevandenis natrio karbonatas, avokady
aliejus jsigyti 1§ Carl Roth GmBH (Karlsruhe, Vokietija), o natrio azidas
jsigytas i§ POCh (Gliwice, Lenkija). Miulerio-Hintono II agaras jsigytas i$
BBL (Cockeysville, JAV). Sviestmedzio aliejus gautas i§ Fagron lberica
S.A.U. (Terrassa, Ispanija). Kakavos aliejus jsigytas iS Henry Lamotte Oils
GmbH (Bremen, Vokietija). Visi kiti naudoti reagentai buvo analitinio
Svarumo.

2.3. Tyrimy metodai ir metodika
2.3.1. Eksperimentinés pusiau kietos formos

Tyrimy metu buvo tiriamos skirtingy prigim¢iy pusiau kietos formos.
Modeliuoty formuluociy pagrindy sudétys pateikiamos 2.3.1.1 lenteléje.
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2.3.1.1 lentelé. Modeliuoty formuluociy pagrindy sudétys

Komponentai Tepalas| | Tepalas Il | Tepalas Il | Kremas | Hidrogelis
(proc.) ™) (M) (T) K) A)

Biciy vaskas 0,5-15,0 5,0-15,0 0-1,0 50 -
Kietasis parafinas 5,0 - - - -
Vazelinas 5,0 - - - -
Medus - 1,0-10,0 10,0 10,0 10,0
Kakavos aliejus 10,0 10,0 10,0 10,0 -
Sviestmedzio aliejus - - 14,0-15,0 - -
Cholesterolis 1,0-5,0 3,0 3,0 3,0 -
Alyvuogiy aliejus iki 100,0 iki 100,0 iki 100,0 iki 100,0 -
Natrio alginatas - - - - 2,0-4,0
10 proc. CaCl, - - - - 2,0-4,0
vandeninis eksratas | " - - | 240 | #1000

Tepalo I (N serija) gamyba. Komponentai lydomi ant vandens vonios
lydymosi temperatiiros mazéjimo seka.

Tepalo Il (M serija) ir tepalo 111 (T serija) gamyba. Hidrofobiniai kom-
ponentai lydomi ant vandens vonios lydymosi temperatiiros maz¢jimo seka.
Lydalas maiSomas piestele kol pradeda stingti, tuomet nedideliais kiekiais
jterpiamas medus. Gauta mas¢ perkeliama ] specialig maiSyklés Unguator®
2100 (GAKO® International GmbH, Munchin, Vokietija) talpykle ga-
lutiniam sumaiSymui.

Kremo (K serija) gamyba. Hidrofobiniai komponentai lydomi ant van-
dens vonios lydymosi temperatiiros mazéjimo seka. Medus iStirpinamas
atitinkamame kiekyje iSgrynintojo vandens. Tirpalas paSildomas ir nedide-
liais kiekiais, nuolat maiSant piestele terpiamas j lydalg. Gauta masé per-
keliama j specialig maiSyklés Unguator® 2100 talpykle galutiniam sumai-
Symui.

Hidrogelio (A serija) gamyba. Atitinkame taryje iSgrynintojo vandens /
vandeninio ekstrakto iStirpinamas medus. Tirpalas padalinamas j dvi apy-
lygias dalis. Vienoje dalyje brinkomas natrio alginatas kambario tempera-
tiroje. | kitg dalj jpilamas kalcio chlorido tirpalas. ISbrinkus natrio alginatui
abejos dalys sumaiSomos. MaiSoma, kol gaunamas hidrogelis.
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Ekstrakty jterpimas. | tepalus ekstraktai jterpiami suspensiniu pavidalu.
Sausasis ekstraktas disperguojamas mazu kiekiu (pagal Deriagino taisykle)
aliejaus ir nedidelémis porcijomis sumaiSomas su tepalo pagrindu. Hidro-
geliuose naudojamas sausojo ekstrakto vandeninis tirpalas arba vandeniné
vaistinés augalinés Zaliavos iStrauka kaip vandeniné faz¢.

2.3.2. Bendro fenoliniy junginiy kiekio nustatymas gudobeliy Ziedy
su lapais ir vaistiniy melisy lapy ekstraktuose

Sausieji ekstraktai buvo tirpinami iSgrynintame vandenyje valanda laiko
kambario temperatiiroje maisant magnetine maisykle IKAMAG® C-MAG
HS-7 (IKA-Werke GmbH & Co.KG, Staufen, Vokietija). Bendras fenoliniy
junginiy kiekio nustatymas buvo atlieckamas ekstrakto tirpalg veikiant Folin-
Ciocalteu reagentu ir reakcijos produkty jvertinant spektrofotometriskai su
Agilent 8453 UV-Vis spektrofotometru (Agilent Technologies Inc., Santa
Clara, JAV). Bendras fenoliniy junginiy kiekis nustatytas pagal p-kumaro
rugsties kalibracing kreive [211]. Bendras fenoliniy junginiy kiekis is-
reikStas miligramais grame sausojo ekstrakto ar mikrogramais mililitre van-
deniniuose ekstrakty tirpaluose / iStraukose pagal p-kumaro riigsties ekvi-
valentg.

2.3.3. Gudobeliy Ziedy su lapais ekstrakty analizé ESC metodu bei
metodikos pritaikymas ir validacija

Sausojo gudobeliy ziedy su lapais bei vandeniniy iStrauky i§ gudobeliy
ziedy su lapais vaistinés augalinés zaliavos kokybiné ir kiekybiné analizé
atlikta, naudojant Agilent 1260 Infinity kapiliarinj skys¢iy chromatografa
(Agilent Technologies Inc., Santa Clara, JAV) su diody matricos detekto-
riumi. Pagrindiniy fenoliniy junginiy atskyrimui naudota ACE C18 koloné¢le
(150 x 0,5 mm, 5 um dydzio dalelémis) su prieskolone ACE C18 5 um.
Judri fazé sudaryta i§ 0,5 proc. acto riigsties vandeninio tirpalo (eliuentas A)
ir acetonitrilo (eliuentas B). Naudotas segmentinis eliuavimas: 0-3 min 10
proc. eliuento B, 3,1-25 min 14 proc. eliuento B. Injekcijos tiiris — 0,2 pl, o
tékmés greitis buvo 10 pl/min. Kolonéléje buvo palaikoma pastovi 25 °C
temperatiira. Junginiy smailiy integravimas atliktas esant 340 nm bangos
ilgiui. Visi méginiai pries atliekant chromatografing analiz¢ buvo filtruojami
pro Rotilabo® 0,2 pum PVDF membraninius Svirksty filtrus (Carl Roth
GmBH, Karlsruhe, Vokietija).

Specifiskumas. Gudobelés ziedy su lapais fenoliniy junginiy tapatybé
nustatyta anali¢iy spektrus lyginant su atitinkamy standarty spektrais gautais
diody matricos detektoriumi 210—-600 nm bangos ilgio intervale. Specifis-
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kumas vertinamas lyginant atitinkamy standarty (A) ir epidermio (B) ir
dermos (C) (n=3) méginiy be gudobeliy fenoliniy junginiy chromatogramas
(2.3.3.1 pav.). 1% atsildytos odos iskirpti 0,64 cm? odos gabaliukai, kuriems
epidermis nuo dermos atskirtas ,,sauso kar$c¢io®“ metodu. Epidermio ir der-
mos méginiai ekstrahuojami 1 ml metanolio ir 30 min veikiami ultragarsu
voneléje. Epidermio ir dermos ekstrakty chromatogramose (2.3.3.1 pav.)
jokiy junginiy nenustatoma pritaikius naudojamg metodika, todél jie
nemaiSo fenoliniy junginiy analizei. Gudobeliy Ziedy su lapais ekstrakty
tirpaluose nustatomi fenoliniai junginiai, turintys tokius pacius sulaikymo
laikus ir spektrus kaip ir standarty tirpalai.

may
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2.3.3.1 pav. Gudobeliy zZiedy su lapais fenoliniy junginiy standarty (4)
(1 - chlorogeno riigstis; 2 — viteksin-2"-O-ramnozidas; 3 — hiperozidas;
4 — izokvercitrinas), epidermio (B) ir dermos (C) méginiy chromatogramos
esant 340 nm bangos ilgiui

Metodikos pritaikymas ir validacija. lvertinus mokslinés literatiiros
duomenis nustatyta, kad gudobeliy zieduose su lapais yra kaupiami keliy
klasiy fenoliniai junginiai [56]. Vyraujantys junginiai yra: fenoliné ragstis —
chlorogeno ragstis; flavono-C-glikozidas - viteksin-2"-O-ramnozidas ir
flavonolio-O-glikozidai — hiperozidas ir izokvercitrinas [136]. ESC meto-
dika pritaikyta $iy junginiy kokybinei ir kiekybinei analizei biofarmaciniy in
Vitro ir ex vivo tyrimy méginiuose ir ekstraktuose.

Naudojant 0,5 proc. acto riigSties vandeninj tirpalg (eliuentas A) ir
acetonitrila (eliuentas B) optimalus fenoliniy junginiy atskyrimas pasiektas
naudojant segmentinj eliuavima, kai pirmas tris minutes buvo 10 proc. eliu-
ento B, po to staigiai (per 6 sekundes) pakeliama eliunto B dalis iki 14 proc.
ir palaikoma iki 25 minutés. Gauta smailiy skiriamoji geba (Rs) buvo > 1,5.
Gauti fenoliniy junginiy sulaikymo laikai buvo: chlorogeno rugsties —
6,1 min, viteksin-2"-O-ramnozido — 18,7 min, hiperozido — 20,5 min ir izo-
kvercitrino — 22,0 min (2.3.3.1 pav.).
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ESC metodikos validacija. Aptikimo (LOD) ir kiekybinio nustatymo
(LOQ) ribos nustatytos analizuojant trijy koncentracijy standarty tirpalus:
0,2, 0,6 ir 1 pg/ml. Pagal nustatytas ribas paruosti penkiy koncentracijy
standarty tirpalai naudoti kalibraciniy kreiviy sudarymui. Kiekvienas
tirpalas injekuotas po 3 kartus. Sudaryty kalibraciniy kreiviy linijiSkumas
vertintas pagal determinacijos koeficientg (RZ).

Kiekvieno tirto junginio koncentracijy intervalai, aptikimo ir nustatymo
ribos, bei sudaryty kalibraciniy kreiviy lygtys pateikiami 2.3.3.1 lenteléje.
Nustatyti kalibraciniy kreiviy determinacijos koeficientai (R? > 0,99982)

patvirtino kalibraciniy kreiviy linijiSkuma.

2.3.3.1 lentelé. Gudobeliy Ziedy su lapais fenoliniy junginiy kalibraciniy
kreiviy parametrai

Analité KOithZ;l\tZT;;JOS Regresijos lygtis R’ LOD LOQ
(ng/ml) (pg/ml) | (pg/ml)

Chlorogeno ragstis 0,6-45,02 y = 23,59x-1,46 0,99993 0,18 0,60

?;'tmer'f;’:diso 1,16-86,66 | y=2586x-235 | 099982 | 031 | 1,02

Hiperozidas 1,12-84,04 y = 25,27x-6,33 0,99983 0,23 0,78

Izokvercitrinas 1,09-81,47 y =27,22x-4,96 | 0,99993 0,24 0,80

Metodikos tikslumas ir glaudumas vertintas ruoSiant tris serijas trijy
koncentracijy tirpalus ta pacig dieng (pakartojamumo validacija) ir skirtin-
gomis dienomis (atkartojamumo validacija). Tikslumas vertinamas pagal
procentinj nustatytos analités kiekj, o glaudumas pagal santykinj standartinj
nuokrypi (SSN, proc.). Tikslumo ir glaudumo rezultatai pateikti 2.3.3.2 len-
teléje.

2.3.3.2 lentelé. ESC metodikos tikslumo ir glaudumo reiksmés pakartojamu-
mo ir atkuriamumo sqlygomis

Pakartojamumas Atkartojamumas
Analité Tikslumas, Glaudumas, Tikslumas, Glaudumas,
(proc.) SSN (proc.) (proc.) SSN (proc.)
Chlorogeno riigstis 81,7-114,0 0,3-4,9 93,3-114,8 0,9-7,7
Viteksin-2"-0- 94,2-119,8 14-34 93,8-104,3 1,7-35
ramnozidas
Hiperozidas 92,6-125,9 1,1-4,9 91,8-123,2 3,2-8,9
Izokvercitrinas 86,8-121,1 1,0-8,3 90,3-112,8 4,3-4,8
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Pakartojamumo salygomis tikslumas buvo nuo 81,7 proc. iki 125,9 proc.,
o atkuriamumo sglygomis nuo 90,3 proc. iki 123,8 proc. Glaudumo reiks-
meés pakartojamumo salygomis nevirSijo 8,3 proc., o atkuriamumo salygo-
mis 8,9 proc.

Gauti validacijos parametrai patvirtino ESC metodikos tinkamuma
gudobeliy ziedy su lapais fenoliniy junginiy kokybinei ir kiekybinei analizei
ekstraktuose / iStraukose bei fenoliniy junginiy atpalaidavimo tyrimuose in
vitro, kai akceptoriné terpé vanduo bei skvarbos j zmogaus odg tyrimuose ex
Vivo.

2.3.4. Vaistiniy melisu (Melissa officinalis L.) lapy ekstrakto analizé
ESC metodu bei metodikos pritaikymas ir validacija

Sausojo vaistiniy melisy lapy kokybiné ir kickybiné analizé atlikta,
naudojant Agilent 1260 Infinity kapiliarinj skys¢iy chromatografa (Agilent
Technologies Inc., Santa Clara, JAV) su diody matricos detektoriumi.
Rozmarino riigsties atskyrimui naudota ACE C18 kolon¢lé (150 % 0,5 mm,
5 um dydzio dalelémis) su prieSkolone ACE C18 5 um. Judri fazé¢ sudaryta
i$ 0,5 proc. acto riigSties vandeninio tirpalo (eliuentas A) ir acetonitrilo
(eliuentas B). Naudotas gradientinis eliuavimas: 0—10 min eliuntas B kito
23-40 proc. Injekcijos tiiris — 0,2 pl, o tékmés greitis buvo 10 pl/min. Ko-
lon¢éléje buvo palaikoma pastovi 25 °C temperatira. Smailés integravimas
atliktas esant 330 nm bangos ilgiui. Visi meéginiai prie§ atliekant chroma-
tografing analiz¢ buvo filtruojami pro Rotilabo® 0,2 um PVDF membra-
ninius Svirksty filtrus.

Specifiskumas. Rozmarino rigsties tapatybé nustatyta analités spektra,
lyginant su rozmarino standarto spektru, gautu diody matricos detektoriumi
210-600 nm bangos ilgio intervale. ESC specifiSkumas vertintas pagal
chromatogramas gautas injekavus rozmarino riigSties standarto (A) tirpala,
ekstrahuotus dermos (C) ir epidermio (B) (n=3) méginius be rozmarino
rugsties (2.3.4.1 pav.). Epidermio ir dermos ekstrakty chromatogramose
(2.3.4.1 pav.) jokiy junginiy nenustatoma pritaikius naudojamg metodika,
todél jie nemais$o rozmarino riigSties analizei. Sausojo vaistiniy melisy lapy
ekstrakto tirpale nustatomas junginys, turintis tokj patj sulaikymo laikg ir
spektra kaip ir standarto tirpalas.

Metodikos pritaikymas ir validacija. Jvertinus mokslinés literatiiros duo-
menis nustatyta, kad vaistiniy melisy lapuose vyraujantis biologiskai akty-
VUS junginys yra rozmarino rugstis (RR) [15]. ESC metodika pritaikyta roz-
marino rugsties kokybinei ir kiekybinei analizei biofarmaciniy in vitro ir ex
Vivo tyrimy méginiuose ir ekstrakte.
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Naudojant 0,5 proc. acto rugsties vandeninj tirpalg (eliuentas A) ir ace-
tonitrilg (eliuentas B) optimalus rozmarino riigsSties atskyrimas buvo pri-
taikius gradientinj eliuavimg — 10 minuciy acetonitrilo koncentracija kei-
¢iant nuo 23 iki 40 proc. Gauta smailiy skiriamoji geba (Rs) buvo > 2. Roz-
marino riigsties sulaikymo laikas (2.3.4.1 pav.) buvo 6,67 min.

C
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2.3.4.1 pav. Rozmarino rigsties standarto (A), epidermio (B) ir dermos (C)
méginiy chromatogramos esant 330 nm bangos ilgiui

ESC metodikos validacija. Rozmarino riigsties ESC metodikos validacija
vykdyta tokia pacia procediira kaip ir gudobeliy fenoliniy junginiy nusta-
tymo ESC metodikos validacija. Rozmarino riigSties koncentracijy inter-
valas (0,5-48,83 ug/ml) pasirinktas jvertinus aptikimo (0,14 pg/ml) ir
nustatymo ribas (0,46 pg/ml). Sudaryta kalibracinés kreivés lygtis (y =
33,56x+5,16), kurios determinacijos koeficientas R® = 0,99992 patvirtino

kalibraciniy kreiviy linijiskuma.

2.3.4.1 lentelé. Rozmarino riigsties ESC metodikos tikslumo ir glaudumo
reik§meés pakartojamumo ir atkuriamumo sqlygomis

Pakartojamumas Atkartojamumas
Analité Tikslumas, Glaudumas, Tikslumas, Glaudumas,
(proc.) SSN (proc.) (proc.) SSN (proc.)
Rozmarino 80,0-99,5 08-24 80,8-96,6 2,3-4,6
riigstis

Tikslumo ir glaudumo tyrimy rezultatais nustatyta, kad pakartojamumo
salygomis tikslumas buvo nuo 80,0 proc. iki 99,5 proc., o atkuriamumo
salygomis nuo 80,8 proc. iki 96,6 proc. Glaudumo reikSmés pakartojamumo
salygomis nevirsijo 2,4 proc., o atkuriamumo salygomis 4,6 proc.
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Gauti validacijos parametrai patvirtino ESC metodikos tinkamuma
vaistiniy melisy lapy junginiy kokybinei ir kiekybinei analizei ekstraktuose,
fenoliniy junginiy atpalaidavimo tyrimuose in vitro, kai akceptoriné terpé
vanduo bei skvarbos j Zzmogaus odg tyrimuose ex Vivo.

2.3.5. Pusiau kiety formuluociy biofarmaciniai tyrimai

Fenoliniy junginiy atpalaidavimo is pusiau kiety formuluociy tyrimai in
vitro. Atpalaidavimo tyrimai (n = 3) in vitro atlikti naudojant modifikuotas
Franz tipo difuzines celes. Donorin¢ fazé (1,0 = 0,2 g) patalpinama j cele su
regeneruotos celiuliozés dializés membrana Cuprophan® (Medicell Interna-
tional Ltd., Londonas, JK). Prie§ eksperimentg membrana brinkinama
iSgrynintame vandenyje (30 °C) ne trumpiau 12 valandy. Efektyvus difuzi-
jos plotas 1,77 cm?® Termostatuojama iSoriné vandens vonelé (t < 37 °C),
kurioje patalpinta difuziné celé. Akceptoriné terpé nuolat maiSoma
magnetine maisykle IKAMAG® C-MAG HS-7. Eksperimentinés salygos
neribojo tirty fenoliniy junginiy tirpumo ir tirpimo proceso vandeningje
akceptorinéje terp¢je, vykstant difuzijos procesui. Akceptorinés terpés
meéginiai (1 ml) imami po 1, 2, 4 ir 6 valandy nuo tyrimo pradzios. I8kart po
akceptorinés terpés paémimo ji papildoma tokiu pat tiiriu Sviezios akcep-
torinés terpés. Méginiai analizuoti ESC metodu.

Fenoliniy junginiy skvarbos j Zmogaus odg tyrimai €X Vivo. Skvarbos j
oda ex vivo tyrimai (n=3) atlikti, naudojant Bronaugh tipo pratakias difu-
zines celes. Stabili celiy temperatira palaikoma specialiu metaliniu bloku,
kuris termostatuojamas cirkuliuojancio vandens déka, naudojant termosta-
ting (t < 37 °C) cirkuliacing vandens vonele¢ Grant GD120 (Grant Instru-
ments Ltd., Kembridzas, JK). Efektyvus difuzijos plotas 0,64 cm® Ak-
ceptoring terpé sudaryta i§ 0,9 proc. natrio chlorido ir 0,005 proc. konser-
vanto natrio azido. Akceptorinés terpés cirkuliacinis greitis (0,6 ml/min)
palaikytas naudojant peristaltinj siurblj Masterflex® L/S® su daugiakanale
siurblio galva (Cole-Parmer Instruments Co., Ilinojus, JAV). EX vivo tyri-
mams naudota 25-40 mety baltaodziy motery oda gauta po plastiniy ope-
racijy, atlikty Lietuvos sveikatos moksly universiteto Plastinés ir rekons-
trukcinés chirurgijos klinikoje. Oda uzsaldyta ir laikyta —20 °C tempe-
ratiiroje ne ilgiau kaip 6 ménesius. Tyrimams su Zmogaus oda gautas Kauno
regioninio biomedicininiy tyrimy etikos komiteto leidimas (2008-11-05, Nr.
BE-2-53). Méginio, odos paruoSimo ir nuémimo procediiros atliktos pagal
Kezutytés ir Ziliaus metodika [94, 212].
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2.3.6. Eksperimentiniy pusiau kiety formu reologiniy savybiy
tyrimas

Pusiau kiety formy reologiniy savybiy nustatymui atliktas tekéjimo
tyrimas. Méginiy (n=5) reologinés savybés nustatytos naudojantis reometru
Carri-med CSL? 500 (TA Instruments, New Castle, JAV), naudojant ploks-
tés-kiigio geometrijos sistema (kiigio skersmuo — 60 mm, kampas — 2°,
meéginio storis — 150 pum), esant 25-30 °C plokstelés temperatiirai. Pasi-
rinkta temperatiira buvo artima odos pavirSiaus temperatiirai bei méginiy
lydymosi temperatiirai, todél tyrimo metu méginiy reologinés savybés buvo
artimos méginio vartojimo salygoms. Tokiomis saglygomis nustatytos reo-
loginés savybés leido tiksliau prognozuoti méginio laikymo salygas, tinka-
mumo laika bei tepumg. Deformacijos greitis 2 minutes didintas nuo 0 iki
500 s Duomenys apdoroti naudojantis programa Data Rheology Solutions
Software (TA Instruments, New Castle, JAV).

Tipiné tirty méginiy reograma pateikta 2.3.6.1 pav., kurioje matoma, kad
did¢jant poslinkio greiciui, poslinkio jtempis taip pat didéja. Tokio tipo reo-
gramos biidingos méginiams, pasizymintiems pseudoplastinémis medziagy
savybémis.
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2.3.6.1 pav. Tipiné tirty pusiau kiety formuluociy reograma
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2.3.7. Eksperimentiniy pusiau kiety formy stabilumo tyrimas

Stabilumo tyrimo metu eksperimentiniai méginiai laikomi klimatingje
spintoje Climacell MMM-Group (Medcenter Einrichtungen GmBH, Brno,
Cekija), esant 30 * 2 °C temperatiirai ir 65 + 5 proc. santykinei drégmei.
Méginiy stabilumas vertinamas 1 para po pagaminimo (0 ménesiy), praéjus
1, 3 ir 6 ménesiams po pagaminimo. Stabilumas vertinamas pagal reologiniy
savybiy tyrima, pH, fenoliniy junginiy atpalaidavimo tyrimg in vitro.

pH nustatymas. Pusiau kiety méginiy (n=3) pH nustatymui naudotas HD
2105.1 pH — metras (Delta OHM, Italija). Tirti pusiau kiety formy 5 proc.
vandeniniai tirpalai. Cheminéje stiklinéje atitinkamas pusiau kieto méginio
kiekis uzpilamas iSgrynintuoju vandeniu ir miSinys maiSomas ant magne-
tinés maisyklés IKAMAG® C-MAG HS7 30 min, esant 50 °C temperatiirai.
Tirpalai vésinami ir filtruojami pro popierinj filtrg Whatman™ 90 mm
skersmens su 11 pm pory dydziu (GE Healthcare Europe GmbH, Helsinki,
Suomija).

2.3.8. Antiradikalinio ir antimikrobinio aktyvumo nustatymas
in vitro

Antiradikalinis aktyvumas. Gudobeliy ziedy su lapais bei vaistiniy melisy
lapy ekstrakty suminis veikliyjy junginiy antiradikalinis aktyvumas buvo
nustatomas pagal DPPH radikalo suriSimg. Pagamintas 0,1 mmol/l DPPH
tirpalas 96 proc. etanolyje laikomas 24 valandas tamsioje, vésioje vietoje.
Ivairiy skiedimy ekstrakty tirpalams reakcija (n = 3) atlickama vienkartinéje
plastikin¢je kiuvetéje Fisher Scientific UV Grade Disposable (Fisher Scien-
tific, Pittsburgh, JAV). [ ja pilama 2,9 ml DPPH tirpalo ir 0,1 ml tiriamojo
tirpalo. Reakcijos miSinio absorbcija spektrofotometru Agilent 8453
UV-Vis (Agilent Technologies Inc., Santa Clara, JAV) matuojama prie
518 nm bangos ilgio pra¢jus 30 minuciy nuo reakcijos pradzios. Rezultatai
iSreiSkiami suriSamo DPPH radikalo kiekiu procentais pagal Molyneux
[128].

Antimikrobinis aktyvumas. Gudobeliy ziedy su lapais, vaistiniy melisy
lapy ekstrakty ir pusiau kiety formuluo¢iy antimikrobinis aktyvumas (n = 5)
buvo nustatomas standzioje terp¢je Sulinéliy metodu aseptinémis saglygomis.
Bakterijy atsparumas méginiams buvo vertinamas Mueller-Hinton agaro
gelyje (Mueller-Hinton Agar I, BBL, Cockeysville, JAV) naudojant stan-
dartines bakterijy kultaras: Pseudomonas aeruginosa ATCC 27853, Proteus
mirabilis ATCC 12459, Staphylococcus aureus ATCC 25923, Staphylo-
coccus epidermidis ATCC 12228, Escherichia coli ATCC 25922, Bacillus
cereus ATCC 8035 ir Candida albicans ATCC 60193. Mikroorganizmy
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suspensija agaro gelyje pilama | sterilias 85 mm diametro (20 ml) Petri
lekstelés. Sustingusiame gelyje padaromi 7 mm vidinio diametro Sulinéliai
pripildomi sterilaus tiriamojo ekstrakto tirpalo (0,1 ml) ar pusiau kietos
formos. Petri 1ékstelés inkubuojamos 37 °C termostate. Po 24 valandy in-
kubavimo matuojamas skaidrios zonos skersmuo, susidares aplink Sulinélius
esant antimikrobiniam aktyvumui. Preparaty atsparumas grybeliui verti-
namas po 48 valandy inkubacijos.

2.3.9. Medaus savybiu ir kokybés vertinimas

Ivairiy ri$iy medaus kokybé buvo vertinama pagal LR Zemés iikio
ministro 2000 m. sausio 10 d. jsakymg ,,Dél medaus analizés metody*
[213]. Taip pat buvo atliekama:

e mikrostruktiiros jvertinimas atliktas mikroskopu Motic® (Motic China

Group Co., Ltd., Kinija);

e laisvy fenoliniy rigsciy nustatymas atliktas ESC metodu. Tyrimams
buvo naudojami 30 proc. medaus tirpalai 60 proc. etanolyje. Paga-
minti tirpalai buvo filtruojami pro nailoninj membraninj filtrag (0,22
um pory dydzio) ir analizuojami ESC metodu [79];

e reologiniy savybiy vertinimas reometru Carri med CSL 500 [186].

2.3.10. Statistiné analizé

Statistinis gauty tyrimy rezultaty jvertinimas buvo atliekamas naudojant
programas SPSS 22.0 ir Microsoft Office Excel 2010. Tyrimy duomeny
analizei taikytas vieno faktoriaus dispersinés analizés modelis (One-Way
ANOVA), naudojant Tukey’o HSD (angl. Honestly Significant Difference)
kriterijy arba blokuotyjy duomeny vieno faktoriaus dispersing analize
(Repeated Measures ANOVA). Taip pat skaiciuoti imc¢iy vidurkiai, santy-
Kiniai standartiniai nuokrypiai, standartinés paklaidos, Spearmen’o ranginés
koreliacijos koeficientai. Visiems Kkriterijams nustatytas reikSmingumo
lygmuo buvo o = 0,05.
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3. REZULTATAI

3.1. Pusiau kiety formuluocdiy pagrindy modeliavimas
ir stabilumo vertinimas

3.1.1. Hidrofobinio (I grupé) tepalo pagrindo modeliavimas ir
stabilumo vertinimas

Modeliuojant pusiau kieta hidrofobinj tepalo pagrinda pagrindiniais
komponentais pasirinkti geltonasis bi¢iy vaskas ir alyvuogiy aliejus. Gel-
tonasis biCiy vaskas pasirinktas kaip tirStinanti medziaga ir konsistencija
formuojantis komponentas. Pusiau kiety preparaty, tokiy, kaip kremai, te-
palai, liipy balzamai, gamyboje biciy vaskas naudojamas, kaip konsistencija
suteikiantis ir nuo drégmés netekimo saugantis komponentas. [vertinus
literatiiros duomenis, nustatyta, kad pusiau kietose formuluotése bic¢iy vasko
naudojamas kiekis svyruoja nuo 5 iki 20 proc. [168]. Alyvuogiy alicjus
pasirinktas, kaip hidrofobinis skystis pasiskirstantis biciy vaske ir taip
suformuojantis pusiau kieto preparato matricg. Alyvuogiy aliejus pasirinktas
jvertinus jo teigiamas savybes — gerai maiSosi su kietomis medziagomis,
gyvulinés kilmés riebalais, vaskais, parafinais. Modeliuojant tepalo pagrinda
pasirinkti pagalbiniai komponentai — kietasis parafinas, baltasis vazelinas,
kakavos aliejus, cholesterolis. Kietasis parafinas jdétas kaip papildoma
tirStinanti medziaga. Vazelinas preparatui suteikia minkStumg ir pagerina
tepuma. Kietasis parafinas ir vazelinas yra plévelg ant odos formuojantys
komponentai, saugantys odg nuo drégmés netekimo [106]. Kakavos aliejus
tepalui suteikia elastingumo, t. y. gerina tepuma, 0 cholesterolis naudojamas
kaip emulsiklis ir stabilizuojanti medziaga. Pusiau kietuose preparatuose,
skirtuose vartoti ant odos, rekomenduojama cholesterolio naudoti nuo 0,3
iki 5 proc. [168].

Atsizvelgiant | ankstesniy tyrimy duomenis [188] parenkami pagalbiniy
medziagy kiekiai ir varijuojant pagrindiniy sudétiniy medziagy kiekiais
pagaminama N serija tepaly, kuriy sudétys pateiktos Prieduose 1 lentel¢je
(159 psl.). N serijos tepaly pH po 6 ménesiy stabilumo tyrimo svyravo nuo
51+ 0,1 iki 5,8 £ 0,3. Nustatytos pH reik§més rodo, kad visi N serijos te-
palai yra tinkami vartojimui ant odos, nes atitinka fiziologinj odos pH
intervala, kuris yra nuo 4 iki 6,3 [6, 110]. N serijos tepaly stabilumas ver-
tinamas vidutinio greitumo senéjimo sglygomis vertinant tepaly reologiniy
savybiy pokyc¢ius (3.1.1.1 pav.).
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3.1.1.1 pav. N serijos tepaly reologiniy savybiy pokyciai
stabilumo tyrimo metu

Atlikus N serijos tepaly reologiniy savybiy tyrimg (3.1.1.1 pav.) nu-
statyta, kad didéjant bi¢iy vasko kiekiui nuo 0,5 iki 14 proc. konsistencijos
koeficientai didéja nuo 6,26 iki 207,17 (Pa-s)", o tekéjimo indeksai mazéja
nuo 0,3940 iki 0,0484. Biciy vasko kiekio didinimas tvirtina pusiau kietos
formuluotés struktira, kurios vidiniy rySiy nutraukimui reikia didesniy de-
formuojanciy jégy. Atlikus koreliacine analize nustatyta, jog yra statistiskali
reikSmingi stipriis rySiai tarp bic¢iy vasko kiekio ir formuluociy reologiniy
savybiy. Didé¢jant biciy vaSko kiekiui konsistencijos koeficientai did¢ja, o
tekéjimo indeksai mazéja.
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Stabilumo tyrimo metu nustatyta, kad N9 ir N10 formuluotése stebimas
statistiSkai reikSmingas konsistencijos koeficiento did¢jimas ir tekéjimo
indekso mazéjimas stabilumo tyrimo metu, rodantis, jog tepalas laikymo
metu prarado pirming struktirg [151]. Jvertinus stabilumo tyrimo metu
gautus rezultatus, tolimesniems tyrimams pasirinkta stabili N6 sudétis:

Biciy vaskas 6,0

Kietasis parafinas 5,0

Baltasis vazelinas 5,0

Kakavos aliejus 10,0

Cholesterolis 3,0

Alyvuogiy aliejus iki 100,0

3.1.2. Hidrofobinio (II grupé) tepalo pagrindo modeliavimas ir
stabilumo vertinimas

Tolimesniame tyrimy etape Kietasis parafinas ir baltasis vazelinas buvo
kei¢iami kitomis pagalbinémis medziagomis. Atliktais reologiniy savybiy
tyrimais nustatyta, kad kietasis parafinas gali buti kei¢iamas karnauba
vasku, o baltasis vazelinas — jvairiy rusiy medumi (grikiy, eukalipty, aka-
cijy, rapsy bei misko) [187]. Tepalai su karnauba vasku suformavo pus-
kietes strukttiras, tac¢iau buvo nustatyta, kad karnauba vasko jvedimas
suformuoja nevienalytés konsistencijos pagrindus, kuriy organoleptinés
savybés tepimo metu buvo nepriimtinos. Tolimesniuose tyrimuose buvo
nuspresta karnauba vasko atsisakyti ir pagrindine tirStinan¢ia medziaga
pasirinkti bi¢iy vaska.

Tyrimy rezultatais nustatyta, kad visos tirtos medaus riiSys gali biti
naudojamos baltojo vazelino keitimui pusiau kietose formuluotése [187].
Tolimesniuose tyrimuose siekiant iSsamiau jvertinti bi¢iy vasko ir medaus
kiekio bei medaus rusies jtaka pusiau kiety formuluociy reologinéms
savybéms pasirinktos dvi medaus risys (akacijy ir misko), labiausiai besi-
skiriancios struktirinémis ypatybémis: akacijy medus yra bekristalinis, o
miSko medus — kristalinis. Sumodeliuotos pusiau kietos formuluotés, kuriy
sudétys pateiktos 3.1.2.1 lenteléje, besiskirianéios biciy vasko ir medaus
kiekiais. Tepaluose M11-M15 buvo naudojamas miSko medus, o tepaly
M21-M25 modeliavimui — akacijy medus.

M11-M25 tepaly reologiniy savybiy tyrimais nustatyta, kad visiems
tepalams buvo budingos neniutoniniy skys¢iy savybés. IS pateikty reolo-
giniy savybiy tyrimy duomeny matoma (3.1.2.2 lentel¢), kad formuluotés,
kuriose buvo 15 proc. biciy vasko, pasizyméjo didziausiais konsistencijos
koeficientais ir maziausiais tekéjimo indeksais visuose tirtuose temperatii-
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riniuose rezimuose. Temperatiiros didinimas tolygiai silpnina sumodeliuoty
formuluociy atsparumg deformuojanciai jégai.

3.1.2.1 lentelé. Tepaly su skirtingy rusiy medumi sudetys

Sudétiné dalis / Biciy Medus, Kakavos | Cholesterolis, | Avokady

Tepalas vaskas, g g aliejus, g g aliejus, g
M11/21 50 1,0 10,0 3,0 81,0
M12/22 5,0 10,0 10,0 3,0 72,0
M13/23 15,0 1,0 10,0 3,0 71,0
M14/24 15,0 10,0 10,0 3,0 62,0
M15/25 12,5 55 10,0 3,0 69,0

Tepalo koduotéje pirmasis skaicius reiskia medaus raisj:
1 — misko medus; 2 — akacijy medus.

3.1.2.2 lentelé. Tepaly su skirtingy risiy medumi reologiniy savybiy tyrimo

rezultatai
Temperatiira ir reologinés savybés
Meéginys 20 °C 30 °C 40 °C
K, (Pa-s)" n K, (Pa-s)" n K, (Pa-s)" n
M11 10,85 0,375 3,01 0,499 0,45 0,690
SE 0,31 0,004 0,08 0,005 0,02 0,008
M12 14,18 0,320 4,10 0,482 0,63 0,669
SE 0,78 0,050 0,12 0,005 0,02 0,004
M13 140,95 0,162 77,56 0,153 19,36 0,268
SE 7,33 0,008 1,64 0,002 1,53 0,012
M14 161,22 0,177 93,30 0,151 16,86 0,318
SE 9,73 0,011 2,32 0,005 2,41 0,022
M15 99,73 0,183 41,77 0,231 7,04 0,403
SE 5,10 0,005 2,58 0,007 0,41 0,008
M21 8,71 0,403 3,87 0,454 0,46 0,684
SE 0,26 0,005 0,14 0,006 0,02 0,005
M22 11,08 0,410 3,87 0,490 0,41 0,730
SE 0,87 0,012 0,23 0,011 0,01 0,002
M23 120,47 0,173 69,36 0,167 20,15 0,260
SE 5,23 0,006 1,93 0,001 2,21 0,017
M24 178,56 0,163 108,68 0,132 23,02 0,276
SE 5,17 0,006 4,55 0,003 2,49 0,016
M25 83,69 0,214 43,12 0,215 6,66 0,411
SE 1,20 0,010 2,31 0,005 0,33 0,007
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Konsistencijos koeficientas maz¢jo, o tekéjimo indeksas didéjo tempe-
ratirg keiCiant nuo 20-40 °C (3.1.2.2 lentelé). Atlikta gauty duomeny
statistiné analizé vertinant medaus rusSies, medaus kiekio ir bi¢iy vasko
kiekio jtakg formuluoCiy reologinéms savybéms. Atlikus statisting analize
nustatyta, kad medaus rasis jtakos tepaly reologinéms savybéms neturi.
Nustatytas statistiSkai reikSmingas (p < 0,05) skirtumas tik tarp 13 ir 23
méginiy konsistencijos koeficienty. Biciy vasko kiekis daro reik§mingg
jtakg tepaly reologinéms savybéms, nes nustatyti statistiSkai reikSmingi
(p < 0,05) skirtumai tarp visy lyginty méginiy pory reologiniy savybiy.

Tuo tarpu medaus kiekio jtaka yra ribota, statistiSkai reikSmingi skirtu-
mai (p < 0,05) nustatyti tik tarp M13-M14 ir M23-M24 tepaly, reologiniy
savybiy. Tai rodo, kad medus kaip pagalbiné tirStinanti medziaga veikia tik
esant tvirtai meéginio strukturai.

Nustacius, kad medaus rasis neturi jtakos formuluociy reologinéms
savybéms tolimesniems tyrimams pasirinktas poliflorinis misko medus,
kuris turi didesn;j kiekj laisvy fenoliniy rtgsciy [162]. Pasirinktas 10 proc.
medaus kiekis, kuris sudaro galimybes medy naudoti kaip medziaga,
darancig jtakg formuluotés struktiirai bei veikligjg medziaga.

Ivertinus tyrimo rezultatus (3.1.2.2 lentelé¢) nustatyta, kad formuluociy
reologinéms savybéms didZiausig jtakg daré biciy vasko kiekis, todél toli-
mesniame tyrimy etape buvo sumodeliuota M serija tepaly, kurios sudétys
pateiktos Prieduose 2 lentelgje (159 psl.). M serijos formuluotése skyrési
biciy vasko kiekis ir alyvuogiy aliejaus kiekis atitinkamai. Visy Kity Su-
détiniy daliy kiekiai nekito. Buvo atliktas stabilumo tyrimas vertinant tepaly
reologines savybes, o tyrimo rezultatai pateikti 3.1.2.1 pav.

Gauti tyrimy rezultatai (3.1.2.1 pav.) patvirtino ankstesniy tyrimy rezul-
tatus, jog didéjant biciy vasko kiekiui nuo 5 iki 15 proc. did¢ja formuluociy
konsistencijos koeficientai nuo 1,33 iki 129,40 (Pa-s)" bei mazéja tekéjimo
indeksai nuo 0,6370 iki 0,1078. Atlikus koreliacing analiz¢ nustatyta, jog
yra statistiSkai reikSmingi stipriis rySiai tarp bi¢iy vasko kiekio ir formu-
luociy reologiniy savybiy.
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3.1.2.1 pav. M serijos tepaly reologiniy savybiy pokyciai
stabilumo tyrimo metu

Pritaikius blokuotyjy duomeny vieno faktoriaus dispersing analizg
(ANOVA), vertinti statistiSkai reikSmingi reologiniy savybiy pokyciai
pragjus 1, 3 ir 6 ménesiams po pagaminimo. Nustatyta, kad stabiliis buvo 2,
3 ir 6 tepalai (3.1.2.1 pav.), kuriuose bi¢iy vasko kiekis atitinkamai buvo 7,
9, ir 15 g/100 g pagrindo. Tuo tarpu tepalai (1 ir 4), kuriuose bic¢iy vasko
kiekis atitinkamai buvo 5 ir 11 g/100 g, stabiltis buvo tik ménesj laiko po
pagaminimo. Tyrimais nustatyta, kad 5 tepalas, kuriame buvo 13 g biciy
vasko, stabilus buvo tris ménesius po pagaminimo (3.1.2.1 pav.). M serijos
tepaly pH po 6 ménesiy stabilumo tyrimo kito nuo 4,4 + 0,1 iki 5,3 £ 0,1.
Nustatytos pH reik§més rodo, kad visi M serijos tepalai yra tinkami var-
tojimui ant odos, nes atitinka fiziologinj odos pH intervalg [6, 110].
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Ivertinus stabilumo tyrimo metu gautus rezultatus tolimesniems tyrimams
pasirinkta stabili M6 sudétis:

Biciy vaskas 15,0

Misko medus 10,0

Kakavos aliejus 10,0

Cholesterolis 3,0

Alyvuogiy aliejus iki 100,0

3.1.3. Kremo vanduo aliejuje (v-a) pagrindo modeliavimas ir
stabilumo vertinimas

Kremai yra minkstesnés konsistencijos nei tepalai, jie lengviau iSimami
i§ talpyklés bei paskirstomi ant odos. Kremo sudétyje yra hidrofilin¢ faze,
todél jis geriau susigeria, palicka mazesnj riebumo jausmg lyginant su
hidrofobiniais tepalais ir papildo oda lipofilinémis molekulémis [59]. Mode-
liuojant v-a kremg buvo sickiama i$laikyti pusiau kiety formuluoéiy linijos
vientisuma, todel pagrindinis sudéciy skirtumas lyginant su tepalais buvo
jvesta hidrofiliné fazé — iSgrynintasis vanduo. Proporcingai buvo mazinamas
kito skystojo komponento — alyvuogiy aliejaus, kiekis. Kremo sudétyje pasi-
rinktas maziausias rekomenduojamas bi¢iy vasko kiekis 5 proc. [168].
Tepaly sudétyse buves cholesterolis, kaip stabilizuojanti medziaga, mode-
liuojant kremg v-a atliko emulsiklio funkcijg. Pagaminta K serija kremy,
kuriy sudétys pateikiamos Prieduose 3 lenteléje (159 psl.). K serijos kremy
sudétyse kito iSgrynintojo vandens, nuo 20 proc. iki 35 proc., ir alyvuogiy
aliejaus kiekiai, atitinkamai iki 100 proc. Sumodeliuotiems pagrindams
buvo atliktas stabilumo tyrimas vertinant reologiniy savybiy poky¢ius lai-
kymo metu (3.1.3.1 pav.).

Atlikus reologiniy savybiy tyrimg su K serijos kremams iSkart po paga-
minimo nustatyta, kad pusiau kietuose preparatuose isgrynintojo vandens
kiekj didinant nuo 20 iki 35 proc. formuluoc¢iy konsistencijos koeficientai
didéja. Did¢jant iSgrynintojo vandens kiekiui atitinkamai mazéja alyvuogiy
aliejaus kiekis. Bendras skystyjy komponenty kiekis islieka toks pats, taciau
yra zinoma, kad cholesterolis pasizymi higroskopinémis, absorbcinémis
savybémis [168], kurios lemia vandens suri§ima, todél mazéjant alyvuogiy
aliejaus kiekiui, pagrindy konsistencijos koeficientai didéja.
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3.1.3.1 pav. K serijos kremy reologiniy savybiy pokyciai
stabilumo tyrimo metu

Verta pastebéti, kad nenustatyti statistiSkai reikSmingi skirtumai (p <
0,05) tarp K serijos kremy tekéjimo indeksy, pamatuoty iSkart po preparaty
pagaminimo. Visy kremy tekéjimo indeksy reikSmés buvo apie 0,2500, tai
rodo, kad K serijos kremy savybés panaSiai nutolusios nuo niutoniniy
skys¢iy savybiy. Atlikus koreliacing analiz¢ nustatyta, jog yra statistiSkai
reikSmingi tiesiSkai stiprts rySiai tarp vandens kiekio ir formuluo¢iy kon-
sistencijos koeficiento. Spearman’o koreliacijos koeficientas tarp vandens
kiekio ir kremy tekéjimo indeksy buvo tik —0,46, tai rodo, jog koreliacinis
rysys silpnas.
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K serijos kremy pH po 6 ménesiy stabilumo tyrimo Kito nuo 3,6 + 0,1 iki
4,1 + 0,1. Nustatytos pH reik§més rodo, kad visi K serijos kremai yra tin-
kami vartojimui ant odos, nes atitinka fiziologinj odos pH intervalg [6, 110].
Pagrindy K1-K3 reologinés savybés laikymo metu kito (3.1.3.1 pav.), tai
rodo, jog kremai stabilumo neislaiké. Atlikus blokuotyjy duomeny disper-
sing analize nustatyta, kad vienintelio kremo pagrindo K4 reologinés
savybés statistiSkai reikSmingai (p < 0,05) nepakito per 6 ménesiy stabilumo
tyrimo laikotarpj, todél §i formuluoté pasirinkta tolimesniems tyrimams:

Biciy vaskas 5,0

Misko medus 10,0

Kakavos aliejus 10,0

Cholesterolis 3,0

ISgrynintasis vanduo 35,0

Alyvuogiy aliejus iki 100,0

3.1.4. Hidrogelio pagrindo modeliavimas

Hidrogelio modeliavimui buvo pasirinkta natirali brinkstanti medziaga —
natrio alginatas. Algininé riigStis yra gaunama i$ jvairiy rasiy jiros dumbliy,
ji neutralizuojama natrio karbonatu ir taip gaunamas natrio alginatas [168].
Natrio alginatg brinkinant vandenyje gaunami jvairaus klampumo skysciai
priklausomai nuo natrio alginato ir iS§grynintojo vandens santykio. Norint
pagaminti natrio alginato hidrogel; bitina papildoma risancioji medziaga
(angl. cross-linker), sukurianti cheminius rysius tarp natrio alginato mole-
kuliy. Jvertinus moksling literatirag, $ia medziaga pasirinktas kalcio chlo-
ridas [113]. Modeliuojant natrio alginato hidrogelj kritinis etapas yra pa-
rinkti tinkamg makromolekulés ir riSanciosios medziagos santykj, bei jy
jterpimo buida. ISbandzius jvairius santykius nustatyta, kad hidrogelis susi-
formuoja esant 1 : 10 kalcio chlorido ir natrio alginato santykiui. Kalcio
chloridas yra higroskopiska medziaga [168], todél hidrogeliy gamybai pato-
giau naudoti jo tirpalg. Naudojant 10 proc. kalcio chlorido tirpalg, hidroge-
liai gaminami santykiu 1 : 1.

Hidrogelio susiformavimas vertintas vizualiai, nes esant netinkamai pa-
rinktam makromolekulés ir riSan¢iosios medziagos santykiui lieka negeli-
fikuoto vandens arba gelifikacija nejvyksta. Pagaminty hidrogeliy pH Kito
nuo 5,27 £ 0,01 iki 5,33 = 0,02, ribose atitinkanciose fiziologinj odos pH [6,
110].

Modeliuojant pusiau kiety formuluociy pagrindus buvo jvertinta pagal-
biniy medziagy jtaka pagrindy reologinéms savybéms. Nustatyta, kad
labiausiai pagrindy konsistencijos koeficientus didino ir tekéjimo indeksus
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mazino didé¢jantis bi¢iy vasko kiekis. Jvertinus reologiniy savybiy poky¢iy
tyrimy rezultatus stabilumo tyrimy metu, tolimesniems tyrimams pasirinkti
sumodeliuoti stabiliis du tepaly, kremo v-a ir hidrogelio pagrindai. Visy
pagrindy pH buvo ribose atitinkanciose odos fiziologinj pH.

3.2. Medaus, gudobeliy Ziedy su lapais ir vaistiniy melisy lapy
ekstrakty charakteristika

3.2.1. Medaus fizikiniu, cheminiu, reologiniy savybiu bei fenoliniy
rig8ciy kokybés ir kiekybes vertinimas

Fizikinés ir cheminés jvairiy riisSiy medaus savybés. Fizikiniy ir cheminiy
savybiy tyrimo metu buvo vertinta jvairiy rasiy medaus organoleptinés

savybés, bendras riigStingumas, drégmés kiekis, pH bei mikrostruktiira
(3.2.1.1 lentelé).

3.2.1.1 lentelé. [vairiy riusiy medaus fizikinés ir cheminés savybés

Medaus Bendrasis Drégmé
s Spalva | Kvapas |riig§tingumas, g pH Mikrostruktira
rasis (proc.)
meq/kg
Grikiy ~ |Celonal |Specifinis, | 417,060 |19.1+0.1|3.97+0.02

rudas astrus

Eukalipty |Geltonas |Svelnus 19.67+0.44 |18.2+0.0|4.39+0.01

Skaidrus, |Silpnas,

Akacijy N 11.33+0.33 |19.1+0.1|3.86+0.01
gelsvas [Svelnus

Rapsy bGael'If;’\f‘;S Rigstus | 14.17+0.67 |20.2£0.0|3.76+0.01
Svelnus,

Misko Geltonas |vasko 24.50+0.58 |18.9+0.1|3.74+0.01
kvapo
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Ivairiy risiy medaus spalva ir kvapas buvo vertinami subjektyviai, sie-
kiant i8skirti specifinémis sensorinémis savybémis pasizyminc¢ias medaus
rasis. Specifiniu kvapu ir spalva pasizyméjo grikiy ir rapsy medis. Medaus
bendrasis riigStingumas — tai bendras laisvy bei sujungty organiniy ir neor-
ganiniy rugsciy kiekis, esantis meduje [213]. Medaus bendrasis rugstin-
gumas ir drégmés kiekis buvo nustatyti pagal 2000 m. sausio 10 d. Nr. 5
ZUM jsakymg ,Dél medaus analizés metody“. Tyrimais nustatyta, kad
didziausiu bendruoju rigstingumu pasizymi misko ir grikiy mediis, o ma-
ziausiu akacijy medus (3.2.1.1 lentel¢). Visy tirty méginiy bendrasis ragstin-
gumas atitiko nustatytas normas (ne daugiau 50 meq/kg) [44].

Fizikiniy ir cheminiy savybiy tyrimy rezultatais nustatyta, kad tirty
medaus risiy drégmés kiekis svyravo nuo 18,2 iki 20,2 proc. Verta pa-
zymeéti, kad rapsy medus vir§ijo nustatyta leidziamg 20 proc. norma [44].
Tirty medaus rtusiy pH tyrimu nustatyta, kad maziausias pH reikSmes turi
misko ir rapsy (3,74 ir 3,76 atitinkamai) medis, o didziausig — eukalipty
medus (3.2.1.1 lentelé).

Medaus mikrostruktiiros tyrimu nustatyta, kad akacijy medus yra be-
kristalinis, o misko medus pasizymi didziausiomis kristaly sankaupomis.
Kristaly dydis mazéja Sia seka: grikiy, eukalipty ir rapsy medus (3.2.1.1
lentelg).

3.2.1.2 lentelé. Laisvy fenoliniy rugsciy kiekiai jvairiy rusiy meduje

Laisvy fenoliniy raigsciy kiekis
Vidurkis (pg/ml) £ SD
Fenoliné rugstis
Akacijuy Avie€iy Grikiy Eukalipty Misko
medus medus medus medus medus
Galo rugstis <LOD* [1,04£0,03 <LOD 5,15+0,04 | 0,77 £0,02
Chlorogeno ragstis | 0,75+ 0,01 |5,75+0,05 | 18,40+ 0,06 | 1,04 £0,05 | 79,11 + 0,03
Vanilo ragstis <LOD (0,30+0,01| 2,31+£0,03 | 0,32+£0,21 | 8,05+ 0,05
Kavos ragstis 0,49+0,02 0,23+0,05| 3,83+£0,04 | 0,38+£0,06 | 4,74+0,06
p-kumaro riigstis 3,67+0,01(0,85+0,08|43,68+0,05| 3,32+0.02 | 2,15+0,01
Rozmarino ragstis 0,41+0,03|0,44+0,01| 0,50+£0,03 | 0,53+£0,03 | 8,39+0,02
Cinamono raigstis 0,45+0,05|0,02+0,05| 3,30+£0,05 | 0,27 £0.05 | 0,10 + 0,06
Ferulo riigstis 1,39+£0,01 |0,75£0,03] 35,13+£0,02 | 2,01 +0,02 | 22,32 + 0,03
Suminis fenoliniy 7,16 9,38 107,15 13,02 125,63
ragsciy kiekis

*LOD - detekcijos riba.
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Laisvy fenoliniy rigsciy kokybiné bei kiekybiné analizé jvairiy riusiy
meduje. Tiriamajame darbe medy siekta naudoti ir kaip veikligja medziaga,
todél buvo vertinama laisvy fenoliniy rugsciy kokybine ir kiekybiné sudétis
jvairiose medaus ruSyse, siekiant atrinkti medaus rusis, kuriose nustatyti
didZiausi fenoliniy junginiy kiekiai. Jvertinus literattiros duomenis nustatyta,
kad jvairiy ruSiy meduje nustatoma jvairi kokybiné ir kiekybiné laisvy
fenoliniy rigsciy sudétis [13,180].

Panaudojus iSvystytg ir validuotg ESC metodika [79], nustatyti fenoliniy
rugsciy kiekiai grikiy, akacijy, avieCiy, eukalipto ir miSko medaus rusyse
(3.2.1.2 lentelé).

Tyrimo rezultatais nustatyta, kad maziausiais tirty fenoliniy ragsciy
kiekiais pasizymi aviecCiy, akacijy bei eukalipty medus, o didziausiais grikiy
ir misko medas. Suminis nustatyty fenoliniy rigsciy kiekis buvo 107,15 ir
125,63 pg/ml grikiy ir miSko meduje atitinkamai, tac¢iau vyraujancios
fenolinés rugstys Siose medaus riisyse jvairavo (3.2.1.2 lentelé).

Misko meduje vyravo chlorogeno (79,11 £ 0,03 ug/ml) ir ferulo (22,32 +
0,03 pg/ml) ragstys, grikiy meduje p-kumaro (43,68 £ 0,05 pg/ml), ferulo
(35,13 +£ 0,02 ug/ml) bei chlorogeno (18,40 + 0,06 ug/ml) ragstys. Eukalipty
medus pasizyméjo vidutiniu suminiu fenoliniy ragséiy kiekiu (13,02 pg/ml),
taCiau vyraujanti fenoliné ragstis buvo galo ragstis (5,15 = 0,04 pg/ml).
Ivertinus tyrimo rezultatus galima teigti, kad meduje esanciy laisvy feno-
liniy rigsc¢iy kokybiné bei kiekybiné sudétis priklauso nuo augaly rusiy, nuo
kuriy medus buvo surinktas. [vertinus ESC tyrimo rezultatus ir siekiant
medy naudoti kaip veikligjg medZiagg tolimesniems tyrimams galima rinktis
misko arba grikiy medy. Tyrimo rezultatai iSsamiau aptarti straipsnyje ,,The
quantitative analysis of biologically active compounds in Lithuanian honey*
(zr. Priedai).

Reologinés jvairiy risiy medaus savybés. Siekiant jvertinti medaus reo-
logines savybes, atliktas jvairiy medaus riiSiy reologiniy savybiy tyrimas,
esant skirtingoms temperatiroms. Gautoms reogramoms analizuoti tin-
kamiausias buvo Ostwald de Waele matematinis modelis, rodantis, kad
visoms tirtoms medaus riisims buvo budingos pseudoplastinés, neniutoniniy
skys¢iy savybés. Tyrimy rezultatai nepatvirtino daugumos literatiiros Sal-
tiniy, kurie teigia, kad skirtingos augalinés kilmés medaus riiSys pasizymi
niutoniniy skys¢iy savybémis [27, 53, 86, 111, 130, 146, 192]. Kita vertus
yra literatiiros duomeny nurodanciy, jog medus pasizymi pseudoplastinémis
savybémis [53, 179] ar dilatacinémis savybémis [183].

Keiciant temperatiirg nuo 20 iki 50 °C visy medaus rasiy konsistencijos
koeficientai mazéja, o tekéjimo indeksai didéja ir artéja prie niutoniniams
skysCiams biidingy savybiy, medus skystéja. Reologiniy savybiy tyrimu,
esant 20 °C temperatiirai, nustatyta, kad didziausi konsistencijos koefi-
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cientai (119,59 + 23,83 ir 67,77 + 2,36 (Pa-s)") ir maZiausi tekéjimo in-
deksai (0,52 + 0,04 ir 0,56 + 0,01) budingi atitinkamai ecukalipty ir misko
medui. Akacijy medus turi maziausig konsistencijos koeficienta (5,31 £ 0,12
(Pa-s)") ir didZiausia tekéjimo indeksa (0,94 * 0,00) ir jo savybés arti-
miausios niutoniniams skysciams.

Akacijy medus kambario temperatiiroje yra bekristalinis (3.2.1.1 lentelé),
o reologiniy savybiy tyrimas atskleidé¢, kad Si medaus rasSis patiria
maziausius struktiiros pokycius keliant temperatiirg. Gauti tyrimy rezultatai
patvirtino literatiros duomenis, kad staigus reologiniy savybiy pasikeitimas
temperatiiros poveikyje yra susijes su yranciais / besilydanciais medaus
kristalais [179]. Ivairiy rasiy medaus fizikocheminés ir reologinés savybés
platiau  aptartos straipsnyje ,,Examination of rheological and
physicochemical characteristics in Lithuanian honey* (zr. Priedai).

3.2.2. Gudobeliy Ziedy su lapais ekstrakty kokybiné ir kiekybiné
sudétis, antiradikalinio ir antimikrobinio aktyvumo tyrimai in vitro
bei skvarbos i nepaZeista Zmogaus oda tyrimai ex vivo

Tirlamajame darbe gudobeliy ziedy su lapais ekstraktai pasirinkti kaip
modelinés veikliosios medziagos. Gudobeliy Ziedy su lapais ekstrakte vy-
raujantys fenoliniai junginiai pasizymi skirtingomis fizikinémis ir chemi-
némis savybémis (Chlorogeno riigstis ir viteksin-2"-O-ramnozidas yra san-
tykinai hidrofiliniai junginiai, hiperozidas ir izokvercitrinas yra santykinai
maziau hidrofiliniai junginiai). Esant duomeny apie teigiama gudobeliy
poveikj odai [73, 135], nutarta, kad tai tinkamos modelinés medziagos
jterpimui ] pusiau kietas vaisto formas.

Pritaikius i§vystytg ir validuotg ESC metodikg sausajame gudobeliy eks-
trakte nustatyti dominuojanciy fenoliniy junginiy kiekiai bei bendras fe-
noliniy junginiy kiekis. Tyrimais nustatyta, kad sausajame gudobeliy Ziedy
su lapais ekstrakte daugiausiai yra viteksin-2"-O-ramnozido (23,00 + 1,38
mg/g). Nustatyti mazesni kiekiai chlorogeno ragsties (7,91 = 0,52 mg/q) ir
maziausi hiperozido (3,65+0,43 mg/g) bei izokvercitrino (1,95 + 0,89 mg/qg)
kiekiai. Vertinant bendrajj fenoliniy junginiy kiekj pagal p-kumaro rugsties
ekvivalenta nustatyta, kad sausajame gudobeliy Ziedy su lapais ekstrakte yra
92,00 + 0,53 mg/g fenoliniy junginiy.

Gudobeliy ziedy su lapais vaistiné augaliné zaliava buvo ekstrahuota
iSgrynintuoju vandeniu 20 min ultragarso voneléje santykiu 1 : 10 [122].
ESC metodu nustatyta gauto vandeninio ekstrakto kokybiné ir kiekybiné
sudétis. ESC tyrimo duomenimis nustatyta, kad gudobeliy ziedy su lapais
vaistinéje augalinéje zaliavoje vyrauja chlorogeno riigstis 2,59 + 0,37 mg/g,

55



viteksin-2"-O-ramnozidas 2,32 + 0,41 mg/g, hiperozidas 0,68 = 0,17 mg/g
bei izokvercitrinas 0,33 = 0,17 mg/g.

Siekiant jvertinti gudobeliy ekstrakty galimg biologinj poveikj, atrinkti
jautrius mikroorganizmus ir ekstrakty koncentracijas, pasiZymincias anti-
radikaliniu aktyvumu, atlikti antimikrobinio ir antiradikalinio aktyvumo
tyrimai.

Antimikrobinis aktyvumas in vitro. Ivertinus mokslinés literatiiros duo-
menis, nustatyta, kad gudobeliy ekstraktai pasizymi antimikrobiniu akty-
vumu, taciau aktyvumas prie§ konkreCius mikroorganizmus skirtingy
autoriy darbuose yra nevienodas [25, 104, 190]. Mokslininkai tyrimuose
naudojo skirtingas augalines Zaliavas, skirtingus ekstrahentus bei skirtingas
eksperimentines sglygas, tod¢l tyrimy rezultatai yra tiesiogiai nepalyginami.
Misy atlikto mikrobiologinio tyrimo metu buvo tiriami Crataegus oxyacan-
tha L. Ziedy su lapais sausojo ekstrakto vandeninis tirpalas 1 : 20 ir van-
deninis 1 : 10 ekstraktas i§ vaistinés augalinés zaliavos, kuriuose atitinkamai
buvo 4,6 mg/ml ir 1,41 mg/ml fenoliniy junginiy pagal p-kumaro riigsties
ekvivalentg. Antimikrobinio aktyvumo tyrimais in vitro nustatyta, jog
gudobeliy ekstrakty veiklieji junginiai pasizymi antimikrobiniu aktyvumu
(3.2.2.1 pav.).

B Sausojo ekstrakto

S.epidermidis .
P vandeninis tirpalas
1:20
B.cereus ® VAZ vandeninis

1:10 ekstraktas

P.aeruginosa

E.coli

S.aureus

0 2 4 6 8 10 12 14 16
Inhibicijos zony plotis, mm

3.2.2.1 pav. Bakterijy augimo inhibicijos zony plotis (mm), jskaitant

Sulinélio skersmenj (7 mm), paveikus gudobeliy Ziedy su lapais
ekstrakty tirpalais
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Mikrobiologinio tyrimo metu buvo tiriamas mikroorganizmy jautrumas
gudobeliy Ziedy su lapais ekstraktams. Ekstrakty tirpalai slopino S. epi-
dermidis, B. cereus, E. coli ir S. aureus padermiy augima, o VAZ ekstraktas
turéjo nezymy poveikj prie$ P. aeruginosa bakterijy paderme. Tuo tarpu P.
mirabilis, ir C. albicans mikroorganizmy padermés buvo atsparios abiejy
gudobeliy ekstrakty junginiams. Tyrimo rezultatai patvirtino Tadic ir
kt.[190] rezultatus ir paneigé Orhan ir kt. [144] rezultus, dél gudobeliy eks-
trakty antimikrobinio aktyvumo prieS C. albicans. DidZiausig jautruma
(placiausia inhibicijos zona) sausajam gudobeliy ekstraktui turéjo B. cereus
bakterijy padermé¢, taciau Sis skirtumas nebuvo statistiSkai reikSmingas. O
gudobeliy Ziedy su lapais VAZ ekstraktas (1:10) statistikai reik§minga
didZiausig aktyvuma rodé pries E.coli bakterijy kultira.

Lou ir kt. [115] tyrimais nustaté, kad chlorogeno riugsties MIC pries S.
aureus bakterijy kultarg yra 40 pg/ml, o pries E.coli bakterijy kultiirg yra 80
pg/ml. Misy tyrimo rezultatai rodo, kad gudobeliy ekstrakty aktyvumas
prie$ S. aureus ir E. coli yra panasus.

Antiradikalinis aktyvumas in vitro su DPPH laisvuoju radikalu. Surinkus
mokslinés literatiros duomenis nustatyta, kad gudobeliy Ziedy su lapais
ekstraktai pasizymi antiradikaliniu aktyvumu, kuris nustatomas jvairiais
metodais [24, 104, 177]. Skaitine verte DPPH antiradikalinis aktyvumas
skirtingy autoriy darbuose skiriasi dél taikyty metodiky skirtumy, todél
tiesiogiai palyginti mokslingje literatiiroje nustatomy rezultaty negalima.

Atlikti sausojo (1 : 20) ir VAZ (1 : 10) gudobeliy Ziedy su lapais vande-
niniy tirpaly antiradikalinio aktyvumo tyrimo rezultatai patvirtino literatiros
duomenis, jog gudobeliy ekstraktai pasizymi antiradikaliniu aktyvumu
(3.2.2.2 pav.).

Jvertinus jvairiy koncentracijy sausojo ir VAZ gudobeliy ekstrakty van-
deniniy tirpaly DPPH laisvojo radikalo suriSimg gautos regresijos lygtys
(3.2.2.2 pav.). Pagal regresijos lygtis apskai¢iuotas sausojo ir VAZ ekstrakty
tirpaly IC50 atitinkamai buvo 115,0 pug/ml ir 147,3 ug/ml. Pagal tg pacig
metodikg atlikus trolokso antiradikalinio aktyvumo tyrimg, nustatyta, kad
162 pg/ml trolokso surisa 50 proc. DPPH laisvojo radikalo. Tyrimais nu-
statyta, kad abiejy gudobeliy ekstrakty veiklieji junginiai pasizymi didesniu
antiradikaliniu aktyvumu nei standartinis antioksidantas troloksas.

Biologinio aktyvumo tyrimy rezultatai patvirtino mokslinéje literatiiroje
paskelbtus duomenis [24, 190], jog gudobeliy ekstraktai pasizymi antimik-
robinémis ir antiradikalinémis savybémis, todél gali buiti naudojami Vvietinio
poveikio preparaty modeliavime.
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3.2.2.2 pav. Gudobeliy Ziedy su lapais sausojo ekstrakto bendro fenoliniy
Jjunginiy kiekio jtaka DPPH laisvojo radikalo surisimui

Skvarbos | nepazeistq zmogaus odg tyrimai €x Vivo. Siekiant nustatyti
gudobeliy ziedy su lapais fenoliniy junginiy skvarbos galimybes tyrimy
metu ant zmogaus odos eX Vivo buvo uznesti gudobeliy ekstrakty bei gud-
obeliy fenoliniy junginiy standarty miSiniy méginiai. Po 24 valandy tyrimo
nustatyta, kad gudobeliy fenoliniai junginiai | zmogaus oda nesiskverbia ir
yra sulaikomi odos raginio sluoksnio.

Mokslinés literatiiros duomenimis yra keletas junginiy klasiy, kurie gali
jvairiais mechanizmais paskatinti kity medziagy skvarbg j odg [201].
Pasirinktos skirtingy klasiy skvarba skatinan¢ios medziagos (oleino ragsties,
d-lemoneno, propilenglikolio, metanolio) buvo jdétos j tiriamuosius mi-
Sinius, taciau tyrimu nustatyta, kad skvarbg skatinan¢ios medziagos nesu-
kélé jokio efekto — gudobeliy fenoliniai junginiai j odg nesiskverbé.

Iskélus hipoteze, kad gudobeliy fenolinius junginius odos pavirSiuje
sulaiko virSutinis raginis odos sluoksnis, jis buvo pasSalintas ir uzneStos
tirlamyjy bandiniy begalinés dozés. Ex vivo skvarbos tyrimais nustatyta, kad
po 24 valandy tyrimo epidermyje nustatyti hiperozido ir izokvercitrino
pédsakai, kurie buvo zemiau kiekybinio nustatymo ribos, o chlorogeno
ragsties bei viteksin-2"-O-ramnozido nenustatyta. Gautus rezultatus galima
susieti su hiperozido ir izokvercitrino didesniu lipofiliSkumu (logP yra 0,4),
nei chlorogeno ragsties ir viteksin-2"-O-ramnozido prognozuojamomis
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hidrofilinémis savybémis, nes jy logP atitinkamai yra —-0,4 ir —0,9. Prasta
VOR skvarbg taip pat gal¢jo lemti santykinai didesné molekulés mas¢ (M =
579 Da) nei hiperozido ir izokvercitrino (M=464 Da).

Jvertinus tyrimy rezultatus nustatyta, kad raginis sluoksnis néra vienintelé
priezastis lemianti tirtyjy junginiy nesiskverbimg i oda. Galima daryti prie-
laidg, kad gudobelés fenoliniy junginiy skvarbai jtakos turi ir gyvasis epi-
dermis, kurio lipofiliSkumas didéja, artéjant prie raginio sluoksnio [89].
Jvertinus tyrimy rezultatus nustatyta, kad gudobeliy Ziedy su lapais feno-
virSiaus. Gauti rezultatai patvirtino mokslinés literatiros duomenis, kad j
zmogaus oda skverbtis gali tik santykinai lipofilinés, mazamolekulinés

medziagos [89, 193, 205].

3.2.3. Vaistiniy melisy (Melissa officinalis L.) lapy sausojo ekstrakto
kokybiné ir kiekybiné sudétis, antiradikalinio ir antimikrobinio
aktyvumo tyrimai in vitro ir skvarbos j nepazeista Zmogaus oda
tyrimas ex vivo

Sausajame vaistiniy melisy lapy ekstrakte pagrindinis biologinj poveiki
turintis junginys yra rozmarino riigstis. Cheminiu pozitiriu rozmarino riigstis
yra kavos rugsties ir 3,4-dihidroksifenil pieno rigsties esteris [10]. Panau-
dojus iSvystytg ir validuotg kapiliarinés ESC metodika nustatyta, kad sau-
sajame vaistiniy melisy lapy ekstrakte yra 80 + 2 mg/g rozmarino rugsties.

Surinkus literatiros duomenis nustatyta, kad vaistiniy melisy ekstraktas
pasizymi antimikrobiniu aktyvumu [48, 125]. Dauguma autoriy vertino
eterinio aliejaus antimikrobinj aktyvumg, taciau yra studijy, jvertinusiy ir
fenolines vaistiniy melisy ekstrakto frakcijas. Vandeninis vaistiniy melisy
ckstraktas pasizyméjo aktyvumu prie$ S. lutea, S. aureus ir B.cereus bak-
terijy kultoras, 0 MIC pries Sias bakterijas buvo 1,25 mg/ml [48]. Nustatyta,
kad rozmarino ragstis, iSskirta i$ vaistiniy melisy vaistinés augalinés Zalia-
VOs, pasizymi bakteriostatinémis savybémis prie§ S. aureus, S. epidermidis
ir B. spizizenii mikroorganizmy kulttiras, o bakteriocidiniy savybiy neturi
[125].

Antimikrobinio tyrimo rezultatai patvirtino literatiros duomenis, kad
sausojo vaistiniy melisy (Melissa officinalis L.) lapy ekstrakto vandeninis
tirpalas pasizymi antimikrobiniu aktyvumu, nes bakterijy augimo inhibicijos
zony plotis buvo didesnis uz Sulinélio plotj (3.2.3.1 pav.).
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3.2.3.1 pav. Bakterijy augimo inhibicijos zony plotis (mm), jskaitant
Sulinélio skersmenj (T mm), paveikus vaistiniy melisy lapy ekstrakto tirpalu

Ivertinus antimikrobinio tyrimo rezultatus nustatyta, kad S. epidermidis,
B. cereus, E. coli bei S. aureus bakterijy kulttros yra jautrios melisy lapy
sausojo ekstrakto vandeniniam tirpalui, tuo tarpu P. mirabilis, P. aeruginosa
ir C. albicans mikroorganizmy padermés buvo atsparios Siam ekstraktui.
Nustatyti bakterijy augimo inhibicijos zony plociai buvo panaSaus skers-
mens ir jvairavo nuo 8 iki 10 mm. Pritaikius statistinés analizés metodus
nustatyta, kad néra statistiSkai reikSmingy skirtumy tarp nustatyty mikro-
organizmy jautrumo Vaistiniy melisy lapy ekstrakto tirpalui. Tyrimo rezul-
tatai patvirtino literatiiros duomenis, kad vandeniniam vaistiniy melisy lapy
ekstraktui jautrios S. aureus, S.epidermidis ir B.cereus bakterijy kultiiros
[48, 125].

Atlikus vaistiniy melisy lapy sausojo ekstrakto antiradikalinio aktyvumo
tyrimg in vitro (3.2.3.2 pav.) nustatyta, kad ekstraktas efektyviai surisa lais-
vaj] DPPH radikala.

Ivertinus jvairiy melisy lapy ekstrakto skiedimy jtaka DPPH laisvojo
radikalo suriSimui, sudaryta tiesinés priklausomybés kreivé ir regresijos
lygtis. Pagal regresijos lygti apskaiCiuotas 1C50 buvo 113 pg/ml bendro
fenoliniy junginiy kiekio, kai tuo tarpu trolokso IC50 buvo 162 pg/ml.
Kandem ir kt. atliktame tyrime buvo nustatyta, kad melisos eksrakto 1C50
pries DPPH laisvajj radikalg buvo 48,76 pug/ml, taciau autoriai vertino hid-
roalkoholinius (70 proc.) vaistinés melisos ekstraktus, kuriuose, tikétina, bu-
vo platesnis spektras fenoliniy junginiy [88]. Tyrimu nustatyta, kad vaistiniy
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3.2.3.2 pav. Vaistiniy melisy lapy sausojo ekstrakto vandeninio tirpalo
bendro fenoliniy junginiy kiekio jtaka DPPH laisvojo radikalo surisimui

melisy sausojo ekstrakto vandeninis tirpalas pasizymi didesniu antiradika-
liniu aktyvumu nei standartinis antioksidantas troloksas. Tyrimo rezultatai
patvirtino literatiros duomenis, kuriuose raSoma, kad vaistiniy melisy lapy
ckstraktai pasizymi stipriu antiradikaliniu ir antioksidaciniu aktyvumu
jvairiuose tyrimy modeliuose [10, 88].

Skvarbos j nepazeistq Zmogaus odg tyrimas €x Vivo. Vaistiniy melisy lapy
sausojo ekstrakto vandeninio tirpalo skvarbos tyrimu pro nepazeista zmo-
gaus odg ex vivo nustatyta, kad rozmarino rugstis skverbiasi | epiderm;.
Epidermyje po 24 valandy tyrimo nustatyta 0,42 + 0,05 proc. (arba 5,96 *
0,74 pg/cm®) rozmarino riigsties, o dermoje nustatyti rozmarino ragsties
pédsakai, kurie buvo Zemiau kiekybinio nustatymo ribos.

Ivertinus jvairiy rasiy medaus tyrimy rezultatus nustatyta, kad didziau-
siais laisvy fenoliniy rigsciy kiekiais pasizymi grikiy ir miSko medds, grikiy
ir rapsy medaus riiSims budingos specifinés sensorinés savybés, rapsy me-
duje esantis drégmés kiekis virSija leistinas normas, o vienintelis akacijy
medus yra bekristalinés struktGros ir su tuo susij¢ maziausi reologiniy
savybiy pokyciai keiCiant temperatiirg. Eukalipty ir rapsy medaus riSims
buidingi didziausi reologiniy savybiy pokyciai keifiant temperatiira.

Rapsy medaus rusies buvo atsisakyta, nes jis neatitiko norminiy reika-
lavimy (drégmés kiekis vir$ 20 proc.), o eukalipty meduje nustatytas vienas
maziausiy fenoliniy riig8¢iy kiekiy. Akacijy meduje fenoliniy rugsciy buvo
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dar maziau, taciau Si medaus rusis palikta tolimesniems tyrimams, nes
vienintel¢ 18 pasirinkty tirti medaus risiy buvo bekristalinés struktiiros.

Modeliuojant pusiau kietas formuluotes su medumis tyrimy eigoje grikiy
medaus buvo atsisakyta, nes jo struktiirinés galimybes pakeisti baltgj] va-
zeling buvo silpniausios. Sumodeliuotos pusiau kietos formuluotés pasi-
zyméjo maziausiais konsistencijos koeficientais ir didziausiais tekéjimo
indeksais lyginant su kity rasiy medumis [187]. Grikiy medus pasizyméjo
i§skirtinémis sensorinémis savybémis, astriu kvapu. Kita vertus, tyrimais su
pusiau kietomis formuluotémis, kuriose jterptas akacijy ir misko mediis
nustatyta, jog Sios dvi medaus rasys daro vienodg jtakg formuluoéiy reo-
loginéms savybéms (3.1.2 skyrius, 3.1.2.1 lentelé). IS pastaryjy dviejy me-
daus risiy tolimesniems tyrimams pasirinkta misko medaus rasis, kurioje
buvo nustatyti didziausi laisvy fenoliniy rugsciy kiekiai.

Biologinio aktyvumo tyrimais in vitro nustatyta, kad gudobeliy Ziedy su
lapais ir melisy lapy ekstraktai pasizymi antimikrobiniu aktyvumu pries S.
epidermidis, B. cereus, E. coli bei S. aureus bakterijy kultaras. Antira-
dikalinio aktyvumo tyrimais nustatyta, kad visi tirtieji ekstraktai pasizyméjo
stipreniu antiradikaliniu aktyvumu nei standartinis antioksidantas troloksas.

Vertinant gudobeliy Ziedy su lapais ekstrakty fenoliniy junginiy skvarba i
zmogaus odg tyrimais ex vivo, nustatyta, kad fenoliniai junginiai ] Zmogaus
oda nesiskverbia ir yra sulaikomi ant odos pavirSiaus. Tyrimy rezultatai gali
biti sietini su santykinai hidrofilinémis gudobeliy ziedy su lapais ekstrakto
fenoliniy junginiy savybémis.Tuo tarpy rozmarino rtgstis, esanti melisy
lapy ekstrakte, ] zmogaus odg skerbési. Po 24 valandy tyrimo dermoje buvo
nustatyti rozmarino rigsties pédsakai, o epidermyje — kiekybiskai jvertinami
kiekiai.

3.3. Pusiau kiety preparaty su modelinémis veikliosiomis
medZiagomis modeliavimas ir kokybés vertinimas

Ankstesniy tyrimy metu sumodeliavus natiiralios kilmés stabilius pusiau
kietus pagrindus tolimesniuose tyrimuose jterpiamos modelinés veikliosios
medziagos — gudobeliy ziedy su lapais ar vaistiniy melisy lapy ekstraktai.

Ekstraktai pasirinkti siekiant iSlaikyti nattiralumo linijg bei dél skirtingy
pagrindiniy veikliyjy junginiy fizikiniy ir cheminiy savybiy. Sausajame
gudobeliy ziedy su lapais ekstrakte vyraujantys chlorogeno riigstis (M = 354
Da) bei viteksin-2"-O-ramnozidas (M = 579 Da) yra silpnai hidrofiliniai
junginiai (logP -0,4 ir -0,9 atitinkamai) [137, 138], hiperozidas ir izo-
kvercitrinas (M = 464 Da) yra silpnai hidrofobiniai junginiai (logP 0,4)
[139, 140], o vaistiniy melisy lapy sausajame ckstrakte esanti rozmarino
ragstis (M = 360 Da) yra hidrofobinis junginys (logP 2,4) [141].
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3.3.1. Sausuojo gudobeliu Ziedy su lapais ekstrakto (C serija) jtakos
stabiliy pagrindy reologinéms savybéms tyrimas

Modeliuojant pagrindus (3.1 skyrius) buvo atrinktos trys stabilios su-
détys: hidrofobiniai tepalai (N6, M6) ir kremas v-a tipo (K4). | hidrofobinio
tepalo N6 sudétj jterpus 0,5, 1 ir 2 proc. gudobeliy sausojo ekstrakto buvo
atitinkamai pagamintos C1-C3 formuluotés. Tokie pat kiekiai gudobeliy
sausojo ekstrakto buvo jterpti ir ;| M6 ir K4 pagrindus ir atitinkamai
pagamintos C4-C6 ir C7—-C9 formuluotés. C serijos formuluociy sudétys
pateiktos prieduose 4 lenteléje (160 psl.). Gudobeliy ekstrakta buvo nu-
spresta jvesti nedideliais kiekiais, siekiant jvertinti jo daromg jtaka pusiau
kiety pagrindy reologinéms savybéms (3.3.1.1 pav.).
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3.3.1.1 pav. Sausojo gudobeliy ekstrakto pridéjimo j pagrindus
(N6, M6, K4) jtaka pusiau kiety formuluociy reologinéms savybéms
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Atlikus reologiniy savybiy tyrima nustatyta, kad sausojo gudobeliy ziedy
su lapais ekstrakto jvedimas j atrinktus pusiau kietus pagrindus mazina
konsistencijos koeficientus bei didina tekéjimo indeksus. Atlikus statistine
vieno faktoriaus ANOVA analiz¢ nustatyta, kad statistiSkai reikSmingai nuo
atitinkamy pagrindy skiriasi méginiy C2, C3, C6, C8 bei C9 konsistencijos
koeficientai, o tarp tekéjimo indeksy statistiSkai reikSmingy skirtumy
nenustatyta. Tyrimy rezultatai rodo, kad gudobeliy sausojo ekstrakto jve-
dimas | pusiau kietus pagrindus mazina formuluo¢iy konsistencijos
koeficientus, todel formuluotés silpniau prieSinasi deformuojanciai jégai ir
lengviau tepasi.

3.3.2. Sausojo gudobeliu Ziedy su lapais ekstrakto fenoliniy junginiy
atpalaidavimo i§ pusiau kiety preparaty tyrimas in vitro

3.3.2.1. Gudobeliy fenoliniy junginiy atpalaidavimo tyrimas i§ C
serijos ir P serijos formuluociy

I sumodeliuotus stabilius pagrindus (3.1 skyrius, N6, M6, K4) jterpus
gudobeliy sausgjj ekstrakta gauta C serija tepaly (Priedai, 4 lentelé, 160
psl.). Atlikus 6 valandy fenoliniy junginiy atpalaidavimo tyrimg in vitro i§ C
serijos tepaly nustatyta, kad nei viena formuluoté fenoliniy junginiy
neatpalaiduoja. Buvo iskelta hipotezé, kad pagrindo pagalbinés medziagos
stabdo fenoliniy junginiy atpalaidavimg i§ pagaminty formuluociy. Hipo-
tezés patikrinimui suformuota P serija formuluoCiy, kuriy sudétinés dalys
pateiktos 3.3.2.1.1 lenteléje.

Formuluotése P1-P6 buvo naudojami tokie patys sudétiniai kompo-
nentai, kaip M serijos tepaluose (bi¢iy vaskas, medus, kakavos aliejus,
cholesterolis ir alyvuogiy aliejus bei gudobeliy sausasis ekstraktas). P1-P3
sudétys atititiko M1-M3 sudétis, jomis buvo siekiama patikrinti ar gudo-
beliy fenoliniai junginiai yra atpalaiduojami bi¢iy vasko kiekj sumaZzinus
nuo 15 g iki 5-9 g. Atpalaidavimo tyrimu nustatyta, jog po 6 valandy tyrimo
IS P1-P3 tepaly atpalaiduoty junginiy nebuvo, todél buvo pagaminta sudétis
P4, kurioje bi¢iy vasko kiekis atitiko atrinktos stabilios M6 sudéties biciy
vaSko kiekj, taciau buvo paSalinti pagalbiniai tekstiirg gerinantys kom-
ponentai. Méginyje P4 buvo paliktas tik bi¢iy vaskas, alyvuogiy aliejus bei
sausasis ekstraktas. Pagalbiniy komponenty (medaus, kakavos aliejaus,
cholesterolio) pasalinimas jtakos neturéjo ir atpalaidavimo nepagerino —
atpalaiduoty junginiy nenustatyta.
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3.3.2.1.1 lentelé. P serijos formuluociy sudétys (g) gudobeliy ekstrakto
fenoliniy junginiy atpalaidavimo tyrimui in vitro

4 & 2 = & s 2

2 S e 5 = e |%5xs S| %
. >n o o [72) Y +— -
2| S |E.| 2| E |8, T, 8% 2222 £g
5| = |22 £ | 2 |32| 22| 85|83 E3
9 33 = .2 = & g2 | 22| 22 |35 w| 25
= 2 7w @) = XS | <% | v wsool 5
P1 50 \ 3,0 10,0 10,0 62,0 10,0 \ \
P2 7,0 \ 3,0 10,0 | 10,0 | 60,0 | 10,0 \ \
P3 9,0 \ 3,0 10,0 | 10,0 | 58,0 | 10,0 \ \
P4 15,0 \ \ \ \ 75,0 10,0 \ \
PS5 \ 90,0 \ \ \ \ 10,0 \ \
P6 \ 15,0 3,0 10,0 10,0 52,0 10,0 \ \
P7 5,0 \ 3,0 10,0 | 10,0 | 37,0 \ 35,0 \
P8 5,0 \ 3,0 10,0 | 10,0 | 35,25 | 1,75*% \ 35,0
P9 \ 25,0 3,0 10,0 \ 2525 | 1,75 \ 35,0
P10 \ 25,0 3,0 10,0 \ 27,0 \ 35,0 \

*Fenoliniy junginiy kiekis esantis 1,75 g sausojo gudobeliy Ziedy su lapais ekstrakto ati-
tinka 35,0 g 1 : 20 tirpintame ekstrakte esant] fenoliniy junginiy kiekj.
\ — komponento sudétyje néra.

Tuomet buvo nuspresta biciy vaska pakeisti kitu komponentu — sviest-
medZzio aliejumi. SviestmedZio aliejus pasirinktas dél daugelio teigiamy
savybiy odai, tokiy kaip apsauganciy nuo drégmeés netekimo, minksStinanciy
(emolientas), uzdegimg mazinanéiy savybiy [77]. Méginys PS5, kuriame
buvo tik sviestmedzio aliejus ir gudobeliy sausasis ekstraktas, buvo paga-
mintas siekiant jvertinti sviestmedzio aliejaus daromg jtaka gudobeliy
fenoliniy junginiy atpalaidavimui. Tyrimu nustatyta, kad po 6 valandy eks-
perimento iS P5 tepalo buvo atpalaiduota 2,5 proc. viteksin-2"-O-ramnozido.
Méginys P6 buvo sumodeliuotas stabilios M6 sudéties pagrindu, kuriame
bi¢iy vaskas pakeistas sviestmedzio aliejumi. Atpalaidavimo tyrimu nu-
statyta, kad po 6 valandy eksperimento yra atpalaiduojama 8,5 proc. chlo-
rogeno rugsties, 37,4 proc. viteksin-2"-O-ramnozido, 13,5 proc. hiperozido
ir 9,9 proc. izokvercitrino.

Emulsiniai v-a méginiai P7-P10 buvo sumodeliuoti K serijos méginiy
pagrindu (Priedai, 3 lentel¢, 159 psl.). P7 ir P8 buvo pagaminti atrinkto
stabilaus K4 meéginio pagrindu, j kurj toks pat fenoliniy junginiy kiekis buvo
jvestas dviem budais. Méginyje P7 gudobeliy fenoliniai junginiai buvo
vandeningje fazéje, o P8 — aliejingje fazéje. Atlikus atpalaidavimo tyrima in
vitro nustatyta, kad po 6 valandy eksperimento fenoliniai junginiai nei i$
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vieno meéginio nebuvo atpalaiduoti. AnalogiSkai buvo sumodeliuoti
méginiai P9 ir P10, tik juose biciy vaskas pakeistas sviestmedzio aliejumi.
Atpalaidavimo tyrimu in vitro nustatyta, kad po 6 valandy eksperimento
atpalaiduojama 26,8 proc. ir 22,4 proc. chlorogeno riigSties, 23,8 proc. ir
19,4 proc. viteksin-2"-O-ramnozido, 28,9 proc. ir 0 proc. hiperozido ir
izokvercitrino pédsakai atitinkamai i§ P9 ir P10 méginiy.

Tyrimais nustatyta, kad pagrindo pagalbinés medziagos turi jtakos gud-
obeliy fenoliniy junginiy atpalaidavimui. Tyrimais nustatyta, kad tinkames-
nis gudobeliy sausojo ekstrakto jvedimo biidas yra sausaji ekstrakta disper-
guoti aliejinéje fazéje. P méginiy serijos atpalaidavimo tyrimais nustatyta,
kad sviestmedzio aliejus yra tinkamas komponentas bic¢iy vasko pakeitimui
pusiau kietuose preparatuose, neribojantis gudobeliy fenoliniy junginiy
atpalaidavimo.

Jvertinus P serijos formuluociy atpalaidavimo tyrimo rezultaty duomenis,
buvo iskelta hipotezé, kad gudobeliy fenoliniy junginiy atpalaidavimg ri-
bojantis veiksnys yra biCiy vaskas. Siekiant patikrinti Sig hipoteze buvo su-
modeliuota AV serija méginiy.

3.3.2.2. Gudobeliy fenoliniy junginiy atpalaidavimo tyrimas
iS AV serijos méginiy

Siame tyrimy etape buvo vertinama bi¢iy vasko kiekio jtaka gudobeliy
fenoliniy junginiy atpalaidavimui. Sumodeliuota AV serija méginiy, besi-
skirianti bi¢iy vasko (0-5 proc.) ir alyvuogiy aliejaus kiekiais. Serijos
méginiuose nebuvo pagalbiniy pusiau kiety formuluociy tekstiirg gerinanciy
komponenty, siekiant iSvengti galimos $iy komponenty jtakos gudobeliy
fenoliniy junginiy atpalaidavimui.

Tyrimo rezultatai iSsamiai aptarti straipsnyje ,,Application of dry
hawthorn (Crateagus oxyacantha L.) extract in natural topical formulations*
(zr. Priedai). In vitro atpalaidavimo tyrimu nustatyta, kad 0,5 proc. bi¢iy
vasko neturi jtakos gudobeliy fenoliniy junginiy atpalaidavimui po 6 va-
landy tyrimo, nes formuluoté be bi¢iy vasko ir su 0,5 proc. bi¢iy vasko
atpalaidavo panasius fenoliniy junginiy kiekius, atitinkamai 318,5 ir 337,4
ug/cmz. Tuo tarpu 1 proc. biciy vasko statistiSkai reikSmingai sumazina
atpalaiduoty junginiy kiekius (66,4 pg/cm?) lyginant su formuluote be biciy
vasko. Gudobeliy fenoliniai junginiai nebuvo atpalaiduoti iS méginiy, kuriy
sudétyse buvo 1,5-5 proc. bi¢iy vasko. Kiti M serijos puskieciy formuluociy
komponentai gudobeliy fenoliniy junginiy atpalaidavimg sulétina, taciau jy
suminis efektas néra tiek reikSmingas kaip biCiy vasko jtaka. Tyrimo
rezultatai patvirtino hipoteze, kad pagrindinis gudobeliy fenoliniy junginiy
atpalaidavimg ribojantis veiksnys yra biCiy vaskas ir pusiau kietose
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formuluotése su gudobeliy ekstraktu jis turéty buti keiCiamas kita tirSti-
nancia medziaga.

3.3.3. Hidrofobiniy tepaly su sviestmedZio aliejumi ir sausuoju
gudobeliy Ziedy su lapais ekstraktu (T serija) modeliavimas ir
stabilumo tyrimai

Stabilumo tyrimas pagal reologines charakteristikas ir pH. Atsizvelgiant
1 auksciau pateikty tyrimy duomenis (C, P, AV méginiy serijy tyrimy re-
zultatais pateiktais 3.3.2 skyriuje), bic¢iy vaskas kei¢iamas sviestmedzio
aliejumi. Sviestmedzio aliejus yra augalinis aliejus gaunamas i§ Sviest-
medzio (Vitellaria paradoxa C.F. Gaertn.) sékly. Sviestmedzio aliejaus ly-
dymosi temperatiira yra 32—-45 °C [66].

Sumodeliuota serija (T serija) tepaly, besiskirian¢iy sviestmedzio aliejaus
ir bi¢iy vasko kiekiais (Priedai, 5 lentelé, 160 psl.), kuriose naudojamas
biciy vasko kiekis ne didesnis kaip 1 proc. Atlikto stabilumo tyrimo rezul-
tatai pagal reologines charakteristikas pateikti 3.3.3.1 pav. Jvertinus, kad
sumodeliuoty formuluociy lydymosi temperatiira yra zemesné nei 30 °C,
stabilumo tyrimo metu formuluotés buvo laikomos kambario temperatiiroje,
o reologinés savybés nustatytos esant 25 °C temperatiirai.

Reologiniy savybiy vertinimas buvo atliktas pagrindams (T1-T3) ir
formuluotéms su sausuoju gudobeliy ziedy su lapais ekstraktu (T4-T6).
Tyrimu iskart po formuluociy pagaminimo nustatyta, kad tepalo be biciy
vasko (T4) reologinéms savybéms sausojo gudobeliy ekstrakto jvedimas
itakos neturéjo, tuo tarpu tepalui su 1 proc. biciy vasko (T6) nustatyti statis-
tiSkai reikSmingi (p < 0,05) poky¢iai konsistencijos koeficiento bei tekéjimo
indekso reikSmése. Tepalui su 0,5 proc. bi¢iy vasko (T5) sausojo gudobeliy
ekstrakto jvedimas statistiSkai reikSmingai padidino konsistencijos koefi-
cientg. Bi¢iy vaskas, kaip tirStinanti medziaga tolygiai pasiskirstanti formu-
luotéje gali veikti kaip kietyjy daleliy stabilizatorius [123], todél didéjant
bic¢iy vasko kiekiui, sausojo ekstrakto jvedimas tvirtina formuluotés struk-
tiirg ir ji tampa atsparesné deformuojanciai jégai.

Atlikus T serijos méginiy 6 ménesiy stabilumo tyrima nustatyta, kad
laitkymo metu méginiy konsistencijos koeficientai didéja, o tekéjimo in-
deksai maz¢ja. Konsistencijos koeficiento did¢jimas laikymo metu gali biiti
sietinas su sudétiniy daliy netekimu [68], taiau nagrinéjami preparatai jokiy
lakiy junginiy sudétyse neturéjo, todél §i priezastis mazai tikétina. Kita
priezastis, lemianti tokius reologiniy savybiy pokycius, gali biiti preparato
vidiniai struktiiriniai pokyciai [159], rodantys jog preparato vidiniai rysiai
tvirtéja ir juos nutraukti reikia didesnés deformuojancios jégos.
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Atlikus statisting blokuotyjy duomeny vieno faktoriaus dispersing analiz¢
nustatyta, kad visy tirtyjy formuluoc¢iy konsistencijos koeficientai statistis-
kai reik§mingai padidéjo, o tekéjimo indeksai statistiSkai reikSmingai suma-
7€jo per 6 ménesiy stabilumo tyrimo laikotarpj. T serijos tepaly stabilumo
tyrimu pagal reologiniy savybiy pokycius nustatyta, jog laikymo metu Sie
tepalai nestabilas.

Stabilumo tyrimo metu formuluotéms vertintas pH rodiklis tepalui T4 ki-
to nuo 4,44 £ 0,06 iki 4,66 £ 0,02, tepalui T5 kito nuo 4,45 £ 0,06 iki 4,68 +
0,04, o tepalui T6 kito nuo 4,47 + 0,02 iki 4,84 + 0,01. pH reikSmiy tyrimu
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nustatyta, kad laikymo metu pH rodiklis did¢ja, taciau vertinant priimtiny
vartoti ant odos produkty pH leidZiamas ribas [6, 110] poky¢iai néra reiks-
mingi.

Stabilumo tyrimas pagal gudobeliy fenoliniy junginiy atpalaidavimo
tyrimg in vitro. Laikymo metu gali kisti ne tik formuluociy vidiné struktiira,
bet ir veikliyjy medziagy atpalaidavimas, todél stabilumo tyrimo metu yra
svarbu jvertinti veikliyjy medziagy atpalaidavima tyrimu in vitro. Vertinti T
serijos tepalai T4-T6, kuriy sudétyse buvo sausojo gudobeliy ekstrakto (2
proc.). Gudobeliy ekstrakto suminis fenoliniy junginiy atpalaidavimas iS
sumodeliuoty formuluociy pateiktas 3.3.3.2 pav.

Atpalaidavimo tyrimu in vitro nustatyta, kad po 6 valandy daugiausiai
(41,4-42,4 proc.) fenoliniy junginiy yra atpalaiduojama i§ tepalo T4,
kuriame néra bi¢iy vasko. Tuo tarpu maziausi fenoliniy junginiy kiekiai
(5,37-6,63 proc.) buvo atpalaiduoti i$ tepalo T6, kuriame buvo 1 proc. bi¢iy
vasko. Tepalas T5, kuriame buvo 0,5 proc. biciy vasko, atpalaidavo viduti-
nius kiekius (32,0-35,4 proc.) fenoliniy junginiy. Atlikus dispersing sta-
tisting analiz¢ nustatyta, kad i tepaly T4 ir T5 atpalaiduoti fenoliniy jun-
giniy kiekiai statistiSkai reikSmingai nesiskyré, o iS tepalo T6 atpalaiduoti
fenoliniy junginiy kiekiai buvo statistiskai reikSmingai mazesni nei i$ T4 ir
T5 tepaly. Suminio fenoliniy junginiy kinetinio profilio matematine analize
atpalaidavimo tyrimui iskart po formuluotés pagaminimo nustatyta, kad Hi-
guchi modelio regresijos koeficientai tepalams T4, T5 ir T6 buvo atitinka-
mai 0,864, 0,981 ir 0,892. Koeficienty reik§més rodo, jog pusiau kieta forma
neriboja fenoliniy junginiy atpalaidavimo.

Suminio fenoliniy junginiy kiekio stabilumo statistine analize nustatyta,
kad iS tepalo T4 trecig ir SeStg ménesj yra atpalaiduojama statistiSkai reiks-
mingai maziau (atitinkamai 19,4 proc. ir 59,4 proc. maziau) junginiy nei
iSkart po pagaminimo. IS méginio T35 statistiSkai reik§mingai maziau (33,8
proc.) junginiy yra atpalaiduojama S$eSta ménesj lyginant su iskart po
pagaminimo atpalaiduotu suminiu junginiy kiekiu. O méginyje T6 nustatyti
statistiSkai reikSmingai mazesni fenoliniy junginiy kiekiai trecig ménesj po
pagaminimo. Jvertinus fenoliniy junginiy atpalaidavimo tyrimo rezultatus
nustatyta, kad formuluotéms biidinga nestabili fenoliniy junginiy atpalai-
davimo kinetika, kuri susijusi su nestabiliais vidiniais struktiiriniais formu-
luociy rysiais. Fenoliniy junginiy atpalaidavimo priklausomybé nuo tepalo
reologiniy charakteristiky buvo patvirtinta koreliacine analize. Atlikus kore-
liacine analiz¢ pagal Spearman‘o kriterijy nustatytas statistiSkai reikSmingas
koreliacinis rySys tarp T4 méginio atpalaiduoty fenoliniy junginiy kiekio ir
formuluotés konsistencijos koeficiento (koreliacijos koeficientas —0,972).
Kity méginiy koreliaciniai koeficientai tarp atpalaiduoty fenoliniy junginiy
kiekiy ir reologiniy savybiy buvo dideli, taciau statistiSkai nereikSmingi.
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Koreliacinés analizés tyrimu nustatyta, kad didéjant konsistencijos koefi-
cientui, maz¢jant tekéjimo indeksui mazéja gudobeliy fenoliniy junginiy
atpalaiduojami kiekiai.
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3.3.3.2 pav. Suminio gudobeliy fenoliniy junginiy atpalaidavimo
kinetika is T serijos tepaly
¢—0men.; m— 1 mén.; A —3 meén.; ®—6 men. po pagaminimo.
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T serijos tepaly stabilumo tyrimais nustatyta, jog laikymo metu Sie tepa-
lai nestabilts, todél vartojimui nerekomenduojami. Reikia atlikti papildo-
mus tyrimus siekiant sumodeliuoti stabily tepalg su sviestmedzio aliejumi.

3.3.4. Formuluocdiy su sausuoju vaistiniy melisy lapy ekstraktu
(R serija) stabilumo vertinimas

Stabilumo tyrimas pagal reologines charakteristikas ir pH. Ankstesniy
tyrimy metu atrinkti stabil@is pusiau kieti pagrindai (N6, M6, K4) papildomi
4 proc. sausojo vaistiniy melisy lapy ekstrakto ir atitinkamai suformuojamos
formuluotés R1, R2 ir R3 (Priedai, 6 lentelé, 161 psl.). Kremas R4 gautas
iStirpinus sausgjj vaistiniy melisy lapy ekstrakta iSgrynintame vandenyje
santykiu 1 : 15 ir jterpus | pagrinda K4 kaip vandening faze.

Veikliosios medziagos koncentracija pusiau kietoje formuluotéje parinkta
pagal Lee ir kt. atlikta kliniking studija [112], kurioje nustatyta, kad pusiau
Kietas preparatas su 300 mg rozmarino raigsties turi ,,galimg kliniking nauda
kaip terapiné medziaga atopinio dermatito gydyme* [112]. Sumodeliuoty
pusiau kiety formuluociy su sausuoju vaistiniy melisy lapy ekstraktu (R
serija) reologiniy savybiy pokyciai stabilumo tyrimo metu vidutinio
greitumo senéjimo sglygomis pateikti 3.3.4.1 pav.

ISkart po pagaminimo atliktu reologiniy savybiy tyrimu nustatyta, kad
sausojo vaistiniy melisy lapy ekstrakto jvedimas j atrinktus pagrindus sta-
tistiSkai reikSmingai sumazina pagrindy konsistencijos koeficientus ir
padidina tekéjimo indeksus. Stabilumo tyrimu pagal reologines savybes nu-
statyta, kad kremas R3 yra nestabilus. Laikymo metu Siame kreme po 3 me-
nesiy nustatytas faziy iSsiskyrimas, todél tyrimas su $iuo méginiu nebuvo
tesiamas. Tuo tarpu vienintelis stabilus visg stabilumo tyrimo laikotarpi (6
mén.) buvo R4 kremas, kuriame nenustatyta statistiSkai reikSmingy skirtu-
my tarp reologiniy savybiy skirtingais tyrimo laikotarpiais.

Hidrofobiniai tepalai R1 ir R2 vizualiy nestabilumo pozymiy neparode,
taCiau jvertinus reologiniy savybiy tyrimo rezulatus, nustatyta, jog yra
statistiSkai reikSmingy skirtumy tarp reologiniy savybiy, matuoty iskart po
pagaminimo ir kitais tyrimo laikotarpiais.

pH vertinimo duomenys stabilumo tyrimo metu vertingi tuo, kad juos
jvertinus galima prognozuotoi galimg mikroorganizmy aktyvuma, lemiantj
reikSmingus pusiau kiety sistemy pH pokycius. R serijos formuluociy pH
tyrimais nustatyta, kad méginiy pH kito nezymiai — 7 proc. ribose. Po pa-
gaminimo méginiy pH varijavo nuo 4,86 + 0,08 iki 5,08 = 0,02, 0 po 6
ménesiy stabilumo tyrimo méginiy pH varijavo nuo 4,72 + 0,01 iki 5,44 +
0,01. Visais tyrimo laikotarpiais méginiy pH buvo preparatams, skirtiems
vartoti ant odos, priimtinose ribose [6, 110].
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3.3.4.1 pav. R serijos méginiy reologiniy savybiy pokyciai
stabilumo tyrimo metu

Stabilumo tyrimas pagal rozmarino rigsties atpalaidavimo tyrimg in
vitro. Siekiant jvertinti rozmarino rugsties atpalaidavimg i§ sumodeliuoty
pusiau kiety formuluociy atliktas rosmarino rugsties atpalaidavimo tyrimas
stabilumo tyrimo metu (3.3.4.2 pav.).

Atpalaidavimo tyrimu in vitro nustatyta, kad rozmarino rtigstis i$ pusiau
kiety formuluoCiy yra atpalaiduojama skirtingai. Didziausi atpalaiduojami
rozmarino rugsties kiekiai (39,60 proc. 0 mén ir 6,11 proc. 1 mén) po 6 va-
landy tyrimo buvo nustatyti formuluotéje R3, kuri, pasiZzyméjo maziausiais
konsistencijos koeficientais ir didziausiais tekéjimo indeksais. Po 3 ménesiy
stabilumo tyrimo kreme R3 buvo nustatytas faziy iSsiskyrimas, todél tyrimai
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3.3.4.2 pav. Rozmarino riigsties atpalaidavimo kinetika is R serijos
stabilumo tyrimo metu.

¢—0men.; m— 1 meéen., A —3 mén.; ® —6 mén.

su Siuo kremu nebuvo tgsiami. Maziausius rozmarino rtgsties Kiekius atpa-
laidavo stabili formuluoté R4. Visuose vertintuose laikotarpiuose atpalai-
duotas rozmarino riigties kiekis buvo mazesnis nei 1 proc. nuo jterpto kie-
kio. Tikétina, jog tokie atpalaidavimo tyrimo rezultatai yra susij¢ su apsun-
kinta rozmarino riigsties difuzija link vandeninés akceptorinés terpés i§ v—a
tipo emulsinio pagrindo, kuriame riebaliné terpé sudaré barjers.

Rozmarino riigsties atpalaidavimas i§ hidrofobiniy formuluoc¢iy R1 ir R2
buvo nedidelis ir svyravo nuo 0,59 iki 1,86 proc. jvairiais tyrimo laikotar-
piais. Rozmarino rugsties kinetinio profilio matematine analize atpalai-
davimo tyrimui iskart po formuluotés pagaminimo nustatyta, kad Higuchi
modelio regresijos koeficientai formuluotéms R1, R2, R3 ir R4 buvo atitin-
kamai 0,973, 0,998, 0,967 ir 0,928, tai rodo, jog pusiau kiectos formuluotés
sudétines dalys neriboja rozmarino riigsties atpalaidavimo.
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Rozmarino riigsties atpalaidavimo stabilumo tyrimais in vitro nustatyta,
kad rozmarino ragsties atpalaidavimas i$ tepaly R1 ir R2 buvo stabilus visg
6 ménésiy stabilumo tyrimo laikg Vertinant atpalaiduotos rozmarino rags-
ties kiekj per kvadratinj centimetrg po 6 valandy tyrimo nenustatyta jokiy
statistiSkai reikSmingy skirtumy tarp tyrimo, atlikto iSkart po méginio pa-
gaminimo, ir tyrimy, atlikty kitais laikotarpiais. Atpalaidavimo tyrimais in
vitro nustatyta, kad formuluotés R1, R2 ir R4 buvo stabilios visg 6 ménesiy
tyrimo laikg pagal atpalaiduotg rozmarino riigsties kiekj.

3.3.5. Alginato hidrogeliy su modelinémis veikliosiomis
medziagomis reologiniy savybiuy ir fenoliniy junginiy
atpalaidavimo tyrimas in vitro

Siekiant sumodeliuoti hidrofilinj nattiraly pagrindag modeliniy veikliyjy
medziagy jterpimui, polimeru pasirinktas natrio alginatas ir kalcio chloridas,
kaip Ca®" jony 3altinis. Skirtingos klampos hidrogeliai (Priedai, 7 lentel,
161 psl.) buvo modeliuojami su tirpintais sausaisiais vaistiniy melisy lapy
(AM meéginiai) ir gudobeliy Ziedy su lapais ekstraktais (AN méginiai) bei
gudobeliy ziedy su lapais ekstraktu (AZ méginiai), pagamintu i§ vaistinés
augalinés zaliavos, ir vertinta sumodeliuoty hidrogeliy reologinés savybés,
pH ir fenoliniy junginiy atpalaidavimas.

A serijos méginiy reologiniy savybiy ir pH tyrimas. Siekiant jvertinti
skirtingy ekstrakty bei skirtingy natrio alginato kiekiy jtaka sumodeliuoty
hidrogeliy reologinéms savybéms atliktas reologiniy savybiy tyrimas, kurio
rezultatai patiekti 3.3.5.1 pav.

20 . 0,6
18 ® * *

S *

S 16 ¢ k2 & ¢ 03
g 14 - 2
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AN1 AN2 AN3 AZl AZ2 AZ3 AMI AM2 AM3
3.3.5.1 pav. Natrio alginato hidrogeliy su skirtingais ekstraktais

reologiniy savybiy (30 °C) tyrimo rezultatai.
Konsistencijos koeficientg Zymi stulpeliai, tekéjimo indeksg — rombai.
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Reologiniy savybiy tyrimais nustatyta, kad hidrogeliy konsistencijos koe-
ficientas kinta nuo ~2 iki ~17 (Pa-s)", o tekéjimo indeksas yra nuo 0,5-0,6,
kintant natrio alginato koncentracijai nuo 2 iki 4 proc. Atlikus statistine
analiz¢ nustatyta, kad natrio alginato koncentracija (2-4 proc.) daro statis-
tiskai reikSmingg itaka hidrogeliy reologinéms savybéms, kai tuo tarpu
statistiSkai reikSmingy skirtumy tarp geliy su skirtingais ekstraktais nenu-
statyta.

pH tyrimais nustatyta, kad A serijos hidrogeliy pH absoliucios reikSmés
kito nuo 5,02 + 0,01 iki 5,34 + 0,00. pH kitimas nustatytas nedidelése ir-
bose, todél galima teigti, kad hidrogeliy pH nepriklauso nuo fenoliniy jun-
giniy kilmés, o nustatytos reikSmeés yra priimtinos produktams skirtiems
vartoti ant odos [6, 110].

Gudobeliy fenoliniy junginiy atpalaidavimo is 4 serijos méginiy tyrimas.
Alginato hidrogeliai buvo gaminami su dviem gudobeliy ziedy su lapais
ekstraktais. AN méginiy gamybai buvo panaudotas tirpintas iSgrynintame
vandenyje 1 : 20 sausasis gudobeliy ziedy su lapais ekstraktas, o AZ mé-
giniy gamybai panaudotas 1 : 10 vandeninis ekstraktas, gautas iSekstrahavus
vaisting augaline zaliava (ekstrakto gamyba pla¢iau aprasSyta 3.2.3 skyriuje).
Ekstraktai buvo panaudoti kaip vandeniné hidrogelio fazé. Fenoliniy
junginiy atpalaidavimo tyrimo in vitro rezultatai pateikti 3.3.5.2 pav.

Atpalaidavimo tyrimais in vitro nustatyta, kad po 6 valandy i$ hidrogeliy
yra atpalaiduojama apie 50 proc. fenoliniy junginiy nuo jterpto kiekio.
3.3.5.2 pav. pateiktuose fenoliniy medziagy atpalaidavimo kinetikos grafi-
kuose matyti, kad i§ AN serijos geliy yra atpalaiduojami didesni fenoliniy
junginiy kiekiai, ta¢iau AN serijos geliy gamybai buvo panaudotas tirpintas
sausasis ekstraktas, kuriame istirpusiy fenoliniy junginiy kiekis buvo di-
desnis nei 1§ vaistinés augalinés Zaliavos iSekstrahuoty junginiy kiekis (AZ
méginiai). Vertinant santykj tarp atpalaiduoty junginiy kiekio ir jterpto
junginiy kiekio nustatyta, kad po 6 valandy tyrimo i§ AZ meéginiy yra
atpalaiduojama 44,37 + 1,22-56,47 + 3,58 proc. fenoliniy junginiy, o i§ AN
meéginiy — 42,03 + 1,42-50,10 + 1,42 proc. fenoliniy junginiy.

Suminio fenoliniy junginiy kinetinio profilio matematine analize atpa-
laidavimo tyrimui i$kart po formuluotés pagaminimo nustatyta, kad Higuchi
modelio regresijos koeficientai formuluotéms ANI, AN2 ir AN3 buvo
atitinkamai 0,958, 0,980 ir 0,987, o formuluotéms AZ1, AZ2 ir AZ3 -
0,986, 0,978 ir 0,964 atitinkamai. Higuchi modelio regresijos koeficientali
rodo, kad alginato hidrogelis neribojo gudobeliy fenoliniy junginiy at-
palaidavimo.
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Atlikus statisting analiz¢ nustatyta, jog néra statistiskai reikSmingy skir-
tumy tarp fenoliniy junginiy kiekiy, atpalaiduoty i§ hidrogeliy su skirtin-
gomis alginato koncentracijomis ar pagaminty su skirtingais ekstraktais.
Statistinés koreliacinés analizés duomenimis nustatyta, kad néra statistiSkai
reiksmingy koreliacijy tarp hidrogeliy reologiniy savybiy ir fenoliniy jun-
giniy kiekiy, atpalaiduoty 1§ hidrogeliy.

Rozmarino rigsties atpalaidavimo is A serijos hidrogeliy tyrimas. Sau-
sasis vaistiniy melisy lapy ekstraktas buvo tirpintas santykiu 1 : 15 isgry-
nintame vandenyje, 0 gautas tirpalas buvo naudojamas alginato geliy gamy-
bai. Rozmarino riigSties atpalaidavimo 1§ skirtingy alginato geliy kinetika
pateikta 3.3.5.3 pav.
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3.3.5.3 pav. Rozmarino rigsties atpalaidavimo kinetika is hidrogeliy

Atpalaidavimo tyrimu nustatyta, kad rozmarino riigsties atpalaidavimo
profilis yra panaSus j gudobeliy fenoliniy junginiy atpalaidavimo profilj.
Didziausi rozmarino rtgsties kiekiai yra atpalaiduojami i§ hidrogelio AM1,
kuriame alginato koncentracija maziausia. Po 6 valandy tyrimo iS AM geliy
yra atpalaiduojama nuo 48,39 + 2,86 iki 61,41 + 3,88 proc. rozmarino rags-
ties. Matematinés analizés rezultatai rodo, jog rozmarino riigSties atpalai-
davimas i§ alginato hidrogeliy atitinka Higuchi modelj, nes determinacijos
koeficientai formuluotéms AMI1, AM2 ir AM3 buvo atitinkamai 0,999,
0,998 ir 0,994, kurie rodo, kad hidrogelis neribojo rozmarino ragsties at-
palaidavimo.

Atlikus statisting analiz¢ nustatyta, kad po 6 valandy tyrimo i§ gelio AM1
atpalaiduotos rozmarino rigsties kiekis yra statistiSkai reikSmingai didesnis
nei iS gelio AM2. Daugiau statistiskai reikSmingy skirtumy nenustatyta.
Koreliacinés analizés duomenimis nustatyta, kad néra statistiSkai reiks-
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mingo Koreliacinio rySio tarp hidrogeliy su vaistiniy melisy ekstraktu
reologiniy savybiy ir rozmarino rugsties kiekio atpalaiduoto po 6 valandy
tyrimo in vitro.

Reologiniais tyrimais buvo nustatyta, kad sausyjy ekstrakty jvedimas
daro jtakag pagrindy reologinéms savybéms. Didesné dalis méginiy stabilu-
mo tyrimo metu parodé nestabilumo poZymiy vertinant pagal reologines
savybes. Atpalaidavimo tyrimais in vitro jrodyta, kad gudobeliy fenoliniy
junginiy atpalaidavimas is$ tepaly ir kremy yra ribojamas biciy vasko, todél
biciy vaskas buvo pakeistas sviestmedzio aliejumi. Formuluociy su sviest-
medzio aliejumi stabilumo tyrimai parode, kad visos formuluotés buvo
nestabilios.

Atpalaidavimo tyrimais in vitro nustatyta, kad i§ tepaly ir kremy at-
palaiduojami rozmarino rigsties kiekiai yra iki 2 proc. jterpto kiekio. ISimtis
buvo kremas, kuriame buvo jterptas sausasis melisy lapy ekstraktas, i§ kurio
atsipalaidavo iki 39,6 proc. rozmarino rtgsties, taciau vertinant $io méginio
reologines savybes nustatytas didZiausias konsistencijos koeficiento suma-
Z¢jimas. Po trijy stabilumo tyrimo ménesiy kreme buvo vizualiai matomi
nestabilumo pozymiai.

Vertinant alginato hidrogelius nustatyta, kad alginato koncentracija turi
itakos alginato reologinéms savybéms, taciau neturi jtakos atpalaiduojamy
junginiy kiekiams. Atlikus statisting analiz¢ nustatyta, jog néra statistiSkai
reikSmingy skirtumy tarp atpalaiduoty fenoliniy junginiy kiekiy hidrogelius
pagaminus su skirtingais ekstraktais (gudobeliy ziedy su lapais ar vaistiniy
melisy).

Tolimesniems tyrimams verta plétoti hidrogelius, iSbandant daugiau
polimery ar kitas riSancigsias medziagas. Verta ieSkoti kity tirStinan¢iy me-
dziagy, kurios pasizyméty priimtinomis savybémis, bet galéty pakeisti biciy
vaska modeliuojant stabilias pusiau kietas formuluotes. Verta jvertinti kity
veikliyjy junginiy atpalaidavimo ir skvarbos ] odg galimybes siekiant surasti
biidingas tendencijas.

3.4. Tepaly, kremuy ir hidrogeliy su gudobeliy Ziedy su lapais ir
su vaistiniy melisy lapy ekstraktais antimikrobinis tyrimas in vitro

Antimikrobinio tyrimo metu buvo siekiama jvertinti ar 1§ pusiau kietos
formuluotés atpalaiduotos veikliosios medziagos geba sukelti biologinj
poveikj. Tyrimo metu analizuotos keturios bakterijy kultaros (E.coli, B. ce-
reus, S. epidermidis ir S. aureus), kurios tyrimy su vandeniniais ekstraktais
metu buvo jautrios tirtiems ekstaktams. Antimikrobinio aktyvumo tyrimais
su pusiau kietais pagrindais be modeliniy veikliyjy junginiy nustatyta, kad
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pusiau kieti pagrindai nepasizyméjo antimikrobiniu aktyvumu pries$ tirtuo-
sius mikroorganizmus. Antimikrobinio aktyvumo tyrimui buvo pasirinktos
SeSios pusiau kietos formuluotés: T1, R1, R2, R3, AN2, AM2, kurios
atpalaidavo kiekybiskai jvertinamus fenoliniy junginiy kiekius. Tyrimy
rezultatai pateikti 3.4.1 pav.

|
E. coli

=
B.cereus * B AM2
B AN2
. . O R3
8. epidermidis
S. aureus ———q
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3.4.1 pav. Bakterijy augimo inhibicijos z0ny plotis (Mm), jskaitant sulinélio
skersmenj (7 mm), paveikus pusiau kietomis formuluotémis

Tyrimy rezultatais nustatyta, kad hidrofobinai tepalai T1 (su gudobeliy
ekstraktu), R1 ir R2 (su vaistiniy melisy ekstraktu) neturi antimikrobinio
aktyvumo. Tokie tyrimy rezultatai gali buti sietini su mazu atpalaiduotu
fenoliniy junginiy kiekiu 1§ Siy tepaly. Atpalaiduoty junginiy kiekiai buvo
nepakankami siekiant sukelti biologinj poveikj bakterijoms.

V-a tipo kremas R3 pasizyméjo nedideliu antimikrobiniu poveikiu prie$
visas bakterijas. Atpalaidavimo tyrimo metu nustatyta, kad is kremo R3 yra
atpalaiduojama iki 39,60 proc. rozmarino ragsties.

Hidrogelis su gudobeliy ekstraktu AN2 turéjo aktyvuma prie§ B. cereus
bakterijy kultiirg, 0 hidrogelis su vaistiniy melisy ekstraktu AM2 — prie$ B.
cereus ir E.coli bakterijy kultiiras. Verta pastebéti, kad hidrogeliy inhibicijos
zony plociai jautrioms bakterijoms buvo didesni nei atitinkamy ekstrakty
inhibicijos zony plociai.

Gudobeliy ziedy su lapais ekstraktai ir vaistiniy melisy lapy ekstraktai
bei pusiau kieti preparatai su Siais ekstraktais pasizymi antibakteriniu
aktyvumu pries specifinius mikroorganizmus.
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3.5. Fenoliniy junginiy i§ pusiau kiety formuluociu skvarbos i
nepazeista Zmogaus oda tyrimai ex vivo

Modelinémis veikliosiomis medziagomis pasirinkti dviejy augaliniy
zaliavy fenoliniai junginiai, pasizymintys skirtingomis fizikocheminémis
savybémis. Siekiant jvertinti $iy junginiy skvarbos galimybes | nepazeista
zmogaus oda atlikti tyrimai ex vivo su ekstraktais ir pusiau kietomis for-
muluotémis, kuriose ekstraktai jterpti suspensine ir skysta formomis.
Skvarbos tyrimai j zmogaus oda i§ ekstrakty pateikti 3.2.3 ir 3.2.5 skyriuose.

Veikliosios medziagos molekulé turi biiti atpalaiduota i§ pusiau kietos
formos, patekti ant odos ir tik tada gali skverbtis j oda. Skvarbos tyrimai i$
pusiau kiety formuluociy su gudobeliy ekstraktais atlikti su formuluotémis
T1, AZ2 ir AN2, t. y. formuluotémis, kuriy atpalaidavimo tyrimais buvo
nustatomi kiekybiskai jvertinami atpalaiduoty fenoliniy junginiy Kiekiai. Ex
vivo skvarbos tyrimais nustatyta, kad po 24 valandy gudobeliy fenoliniai
junginiai, esantys pusiau kietose formuluotése j Zmogaus odg nesiskverbia,
tod¢l formuluotés gali buti naudojamos tik siekiant sukelti pavirSinj,
apsauginj poveikj. Naudotos pusiau kietos formuluotés neturéjo jtakos
skvarbos tyrimo rezultatams, nes skvarbos tyrimas su pusiau kietomis for-
muluotémis patvirtino skvarbos tyrimo rezultatus su gudobeliy ekstraktais ir
standarty misiniu (3.2.3 skyrius). Nustatyta, kad gudobeliy fenoliniai jun-
giniai, kuriy logP svyruoja nuo —0,9 iki 0,4 nesiskverbia j nepazeistg Zmo-
gaus oda. Gauti tyrimy rezultatai patvirtino literatiiros duomenis, kad
molekulés hidrofiliskumas yra vienas i§ veiksniy daran¢iy jtakg molekulés
skvarbai j oda [210]. Siekiant santykinai hidrofilinémis savybémis pasizy-
mincius junginius jvesti j gilesnius odos sluoksnius gali reikéti modeliuoti
nanotechnologijomis paremtas vaisty formas [1].

3.2.5 skyriuje aprasSytais tyrimais buvo nustatyta, kad rozmarino ragstis
skverbiasi j nepazeista Zzmogaus odg. Ex vivo skvarbos tyrimai atlikti su
stabiliomis pusiau kietomis formuluotémis, kuriy sudétyje buvo vaistiniy
melisy lapy ekstraktas (R serijos méginiais ir hidrogeliu).

Rozmarino ragstis i§ hidrogelio (AM2) skverbési j gilesnius odos sluoks-
nius ir buvo kiekybiskai jvertinama dermoje. Suminiai rozmarino rtgsties
Kiekiai, nustatyti odoje po 24 valandy tyrimo i$ hidrofilinés formuluotés
buvo 0,5 proc. (0,34 proc. epidermyje ir 0,16 proc. dermoje). Tyrimais nu-
statyta, kad rozmarino rigsties kiekiai, besiskverbiantys i§ hidrofilinés for-
muluotés, buvo panasis j laisvai difundavusios rozmarino ragsties kiekius.
Nustatyta, kad hidrofilinis pagrindas nesudaré barjero rozmarino ragsties
skvarbai j nepazeista zmogaus oda. Tikétina, kad hidrogelis hidratuodamas
oda, sudaré sglygas spartesnei rozmarino rugsties skvarbai [158]. Rozmari-
no rugsties skvarbos rezultatai patvirtino literatiiros duomenis, kad
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polimerai gali veikti kaip veikliyjy medziagy skvarba skatinanc¢ios medzia-
gos, sgveikaudami su stratum corneum lipidais [181]. Atlikus statisting
analize nustatyta, kad epidermyje nustatomas rozmarino rugsties kiekis i§
formuluo¢iy R1, R2, R4 ir AM2 statistiSkai reik§mingai nesiskyré. Tyrimo
rezultatai iSsamiau aptarti straipsnyje ,,Release of rosmarinic acid from
semisolid formulations and its penetration through human skin ex vivo* (Zr.
Priedai).
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ISVADOS

. Pusiau kieti pagrindai buvo sumodeliuoti naudojant bi¢iy vaska, alyvuo-
giy aliejy, kakavos aliejy, cholesterolj, misko medy, kietgjj parafing,
baltgji vazeling ir iSgrynintajj vandenj. Reologiniais tyrimais nustatyta,
kad tepaly struktiiros vidiniy ry$iy tvirtéjimui didZiausig jtakg daro bi¢iy
vasko kiekis, o kremy v-a — iSgrynintojo vandens kiekis. Modeliniy veik-
liyjy medziagy pridéjimui atrinkti stabilas pusiau Kieti pagrindai.

. Eksperimentiniais tyrimais nustatyta, kad medus yra tinkamas kompo-
nentas pusiau kiety formuluo¢iy modeliavimui — nustatyta, kad pagrindai
su medumi yra homogeniski ir iSlicka stabilis 6 mén. Jvertinus tirty
medaus rusiy fizikines, chemines, reologines savybes ir fenoliniy ragsciy
kiekj, puskieciy formuluo¢iy modeliavimui atrinkta miSko medaus rusis.

. Ex vivo tyrimais nustatyta, kad santykinai hidrofiliniai gudobeliy feno-
liniai junginiai (chlorogeno raigstis, viteksin-2"-O-ramnozidas, hiperozi-
das ir izokvercitrinas) j zmogaus odg nesiskverbia, 0 santykinai hidro-
fobiné rozmarino riigstis buvo nustatyta zmogaus epidermyje ir dermoje.

. Antiradikalinio aktyvumo tyrimais in vitro nustatyta, kad gudobeliy ziedy
su lapais ir vaistiniy melisy lapy ekstraktai pasizymi stipresniu antira-
dikaliu aktyvumu prie§ DPPH laisvajj radikalg nei troloksas. Antimik-
robiniu tyrimu nustatytas abiejy ekstrakty aktyvumas prieS S. epider-
midis, B. cereus, E. coli ir S. aureus mikroorganizmy kultiiras.

. Reologiniais tyrimais nustatyta, kad sausyjy ekstrakty dé¢jimas j hidrofo-
binius ar kremo v-a pagrindus silpnina vidinés struktiiros ry$ius — kon-
sistencijos koeficientai mazéja, o tekéjimo indeksai didéja. Hidrofilinés
formuluotés, pagamintos su gudobeliy ir vaistiniy melisy ekstraktais,
pasizymi statistiSkai reikSmingai nesiskirian¢iomis reologinémis savy-
bémis.

. Pagrindinis fenoliniy junginiy atpalaidavimg ribojantis veiksnys — bi¢iy
vaskas. Tyrimais nustatyta, kad tepalai atpalaiduoja iki 2 proc. rozmarino
rugsties. Biciy vasko kiekj padidinus nuo 0,5 iki 1 proc., gudobeliy
fenoliniy junginiy atpalaidavimas sumazéja 79 proc. Nustatyta, kad biciy
vaSka pakeitus taukmedzio aliejumi, fenoliniy junginiy atpalaidavimas
padidéja iki 42 proc. Efektyviu fenoliniy junginiy atpalaidavimu (apie 50
proc.) pasizymi hidrogeliai.

. Ex vivo tyrimais nustatyta, kad gudobeliy fenoliniai junginiai, atsipa-
laidave i§ pusiau kiety formuluoc€iy, yra sulaikomi odos pavirSiuje, todél
gali buti naudojami pavirSinio poveikio preparatuose. Tyrimais nustatyta,
kad pusiau kietos formuluotés su vaistiniy melisy ekstraktu potencialiai
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gali sukelti vietin] poveikj — didziausias rozmarino rugsties kiekis kau-
piasi epidermyje, o nedideli Kiekiai nustatomi dermoje.

. Tyrimais nustatyta, kad tepalai su augaliniais ekstraktais antimikrobiniu
aktyvumu nepasizyméjo. Hidrogelis su gudobeliy ziedy su lapais eks-
traktu pasiZymi antimikrobiniu aktyvumu prie§ B.cereus bakterijy kul-
targ. Kremas v-a su sausuoju vaistiniy melisy lapy ekstraktu pasizyméjo
antibakteriniu aktyvumu pries B.cereus, E.coli, S.epidermidis ir S. aureus
bakterijy kultdras, 0 hidrogelis su vaistiniy melisy lapy ekstraktu — pries
B. cereus ir E. coli bakterijy kultiras.
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Abstract: There is a great potential for a semi-solid preparation for topical application 1o the skin that would
use misterials of namral origin not only as an active substance but also as its base. The aim of this research was
1o mode] semisolid preparations containing hawthom extract and to determine the effect of their hases {cami-
ersh on the release of active components from expenmental dosage forms, based on the resalts of the in vt
studies of the hioactivity of hawihom active components and ex vive skin penciration studies. The active com-
pouns. of hawthom were indemtified and quantified by validsted HPLC method, The antimicrobinl and anti-
radical activity of dry hawthom extract were evaluated by methods i v, The penetration of active sulsiances
inko the full undamaged human skin was evaluated by method ev wive. Nataral topical composition was chosen
according 1o the results of release of sctive compounds, Release experiments were performed with modified
Framz type diffusion cells. Booerns was the most sensitive bacteria for the hawthom extract. Extract showed
antitadical activity, however the penctration was limited. Only troces of hyperoside and isoquercitrin were
founded in epidermis. Protecuve topical preparation with shea butter released 41.4-42.4% of active substances.
Four major compounds of dry hawthom extract were identified. The research showed that exiract had antimi-
crobial and antirdical activity, however compounds of hawthem stay on the surface of the umdamaged hurman
skan. Topical preparsion containing beeswax did not release sctive compounds. Beeswax was identified as sus-
pending agent. Topical prepartions rebeased active compouruds when shea butter was used instead of beeswan,

Keywords: hawthom, natural, release, skin penetration, topical

The base of semisolid preparations is an active
factor that may affect the release of the drug sub-
stances from a pharmaceutical form and their absorp-
tion through biological membranes, which in turn
may have an effect on the pharmacokinetic parame-
ters of a pharmaceutical preparation (1, 2). The base
composition of a semi-solid preparation affects its
stability and drug release Kinetics. As products from
natural materials are becoming increasingly popular,
scientists and manufacturers face a challenging task
of creating stable products that meet modermn require-
ments by using materials of natural origin (2). There
is a great potential for a semi-solid preparation for
topical application to the skin that would wse materi-
als of natural origin not only as an active substance
but also as its base. When modeling an oimtment
basis, the following components were selected:
beeswax, shea butter, cholesterol, cocoa butter,
honey, avocado and olive oils (3).

Dry hawthorn (Crataegns oxyacantha L.)
extract was used as an active substance for formula-

* Corresponding author: e-mail adastelmokiene® yahoo.com

tions modeling. Crataegies spp. is a member of the
rose family which has been used for its medical
properties since ancient times, It is well known that
bicactivity of hawthorn is associated with the treat-
ment of cardiovascular diseases (4-7), however
recently, a broader spectrum of the effect of
hawthorn bicactivity has been found. Hawthorn
extracts were incorporated into semisolid drug
forms (8). Crataegus spp. is indeed one of the
species that is highly recommended in folk medi-
cine, being regarded as particularly important in the
management and prevention of age-related diseases
tfor instance, cardiovascular disease. atherosclero-
sis, arthritis, and hypertension), nervous system dis-
orders (such as migraines, confusion, irritability and
memory loss) and treatment of upper respiratory
infections, cellulite, obesity and menopause distur-
bances (9, 10). The juice of its fruits is a topical
preparation for skin application that relieves pain
and stiffness (10). €. monogyna extracts have been
verified to be highly effective against Candida albi-

fh
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cans and Herpes simplex virus (11). However, no
effect of hawthorn extracts on C. albicans was
observed by other authors (4). The O-glycosidic
Navonoids and the oligomeric proanthocyanidins
from Craraegus sinaica exhibited significant
inhibitory activity against Hempes singplex vims lype
1 (HSV-1), which was shown to be due to an exira-
cellular mechanism for procyanidin C-1 (12
Extracts of Crargegus spp. have anti-inflammatory,
gastro-protective and antimicrobial properties (4,
13-13). Antioxidant, radical-scavenging activity of
different parts of hawthom have been evaluated by a
number of authors (16-19),

Research has shown that C. moenogyna extract
can be used as a photoprotective agent. which pro-
vides stronger protection against UVA than UVB
radiation (20). Crataegus monogyna has been shown
1o be cytoprotective by scavenging free radicals.
Jalali et al. study has shown that Crataegus monog-
yua Truils agueous extract with antioxidant proper-
ties could serve as a protective agent against repro-
ductive toxicity during evelophosphamide treatment
in a rat model (21). Furthermore, Crataegus pirtiat-
iffda extract significantly inhibited the generation of
reactive oxygen species and the phenomena of
inflammation induced by TPA. Also, extract inhibit-
ed benzopyrene/TPA-induced skin tumor formation
and decreased the incidence of wmor (22). The
extracts obtained from C. monogvea parts revealed
antiproliferative activity associated with cancer pro-

eression and development, such as cell proliferation,
apoptosis, cell differentiation and neovasculariza-
tion, and did not show toxicity for non-tumor cells
(23). Other authors also found antitumor activity of
Crataegus spp. demonstrated on various cell lines
(24).

There are little data published in the scientific
Iiterature about the use of hawthom extract in the
production of topical preparations. The literature
search did not yield any data pertaining to the skin
penetration of the active compeonents of hawthorn
extract or the effect of carriers on the release of
active components from topical preparations. The
physical and chemical properties of the drug sub-
stance in the topically applied pharmaceutical forms
determines the permeation of a given drug sub-
stances through the skin from applied carrier matrix
(25). Topical bioavailability of a drug depends on
the amount of drug diffusing from the dosage form
and reaching the surface of the skin where it can be
absorbed. Thus, it is relevant not only to produce
stable semisolid preparations but also 1o study the
skin penetration of hawthorn active components and
to select suitable carriers that would ensure a proper
release of active compounds,

The aim of this research was to model semisol-
id preparations containing hawthorn extract and to
determine the effect of their bases (carriers) on the
release of active components from experimental
dosage forms, based on the results of the in vipe

Figure 1. Chemical structure of sctive compounds of hawthom flowers and leaves extract. A - chlorogenic ackd; B - vitexin-2""-0-rham-

noside; C - hyperoside; [ - isoquerciirin
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Figure 2. Typical chromatogram of active compounds of hawthom extract: | - chlorogenic acid: 2 - vitexin-2""-O-rhamnoside; 3 - hyvper-

oside: 4 - isoguercitein

studies of the bicactivity of hawthorn active compao-
nents and ex vive skin penetration studies.

MATERIALS AND METHODS

Materials

Vitexin-27-O-rhamnoside, HPLC grade ace-
tonitrile and acetic acid were purchased from Sigma
Aldrich Chemie GmbH (Sweinheim, Germany).
Hyperoside, isoquercitrin and chlorogenic acid were
purchased from Carl Roth. Standardized dry
hawthorn extract was purchased from Naturex
{France).

Methods
Preparation of hawthorn extract for analysis

The hawthorn leal and Mower dry extract was
dissolved in purified water at the ratio 1 @ 20 (w/v)
by mixing it with a magnetic stirrer for one hour at
room temperature.

HPLC

Amounts of hawthorn active componenlts were
evaluated by HPLC method with Agilent 1260
Infinity ~ Capillary LC  System  {(Agilent
Technologies, Santa Clara, USA) using the Agilent
diode array detector (DAD) and applying validated
HPLC method for quantification. The separation
was performed in CI8 ACE (5 pm) 150 = (L,5 mm
i, column. The mobile phase consisted of the sol-
vent {A) (L.5% aqueous acetic acid (v/v) and (B) ace-
tonitrile, using gradient elution of 109% (B) at 0-3
min, 14% (B} at 3.1-25 min. and 70% (B) at 26-29
min and then returned to the initial conditions with
10 min re-equilibration, with total 40 min run time.
The analysis was carried out at a flow rate of 10
uL/min with the detection wavelength set at 340 nm.

Total phenolic content
Total phenolic content was determined accord-
ing to the method of Ramanauskiene et al. (26). The

guantity (n = 3) of phenolic compounds was deter-
mined using Agilent 8453 UV-Vis spectrophotome-
ter (Agilent Technologies, Inc., Santa Clara, USA)
according o p-coumaric acid equivalents after reac-
tion with Folin-Ciocalteu phenol reagent.

Antiradical scavenging activity

A 0.1 mmol/L. DPPH solution was prepared in
96% ethanol. The solution was kept in a cool, dark
place for 24 h. The reaction (n = 3) was initiated in
a cuvette to which 2.9 mL of DPPH solution and 0.1
mL of the analyzed solution were added. The
absorbance of the reaction mixture was measured at
the wavelength of 318 nm 30 min after the start of
the reaction. The results were expressed in percent-
age of bound DPPH according 1o Molyneux (27).

Antimicrobial activity

The microbiological examination (n = 5} was
performed in aseptic conditions, During the micro-
biological study, the antimicrobial activity of the
studied preparation was determined using solid
growth media and the well technique. Resistance o
preparations from natural material was examined in
Mueller-Hinton agar (Mueller-Hinton Agar I, BBL,
Cockeysville, USA) with standard cultures of
Prewdomonas aeruginosa ATCC 27853, Proteus
mifrabilis ATCC 12459, Sraphylococous aureus
ATCC 25923, Staphviococcus epidermidis ATCC
12228, Escherichia coli ATCC 25922, Bacillus
cerens ATCC 8035 and Candida albicans ATCC
60193, Agar was poured into sterile Petri dishes 85
mm in diameter (20 mL in each dish). Agar wells
were 7 mm in diameter and 8 mm deep. The density
of microorganism suspensions applied in the test
was (L5 Mac Farland standard scale (5.107 n 1.108
CFU/mL}. The density of the bacterial suspension in
the Mueller-Hinton agar was 106 CFU/mL. After
the agar solidified, wells were formed in the medi-
um and were filled with the studied preparation. The
cultures were incubated for 24 h in a thermostat at
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A7'C, and then the microorganism growth in the
whole agar volume was evaluated,

Rheological flow behaviar test

The test (n = 5) was performed using the Carri-
med CSL* 500 rheometer (TA Instruments, USA),
by applying the cone-and-plate geometry system
(cone diameter — 60 mm, angle — 2°, sample thick-
ness — 150 pm. The shear rate was increased for 2
min from 0 o 500 s, Rheological characteristics
were calculated according o the Ostwald de
Waele's mathematical model.

In vitro release study

In virre release experiments (n = 3) were per-
formed wsing the modified Franz type diffusion
cells. The semisolid sample (100 £ 0.02 g} was
placed into these cells with a dialysis membrane.
The Cuprophan® dialysis membrane (Medicell
International Lid., London, UK) was made of natu-
ral cellulose. Area of the diffusion was 177 cm’,
Purified water was used as an acceptor medium. The
temperature of acceptor medium was kept on 37 +
0.2°C. The medium was stirred using magnetic stir-
rer. The samples from the aceeptor solution were
taken at 1, 2, 4, 6 h and immediately replaced with
the same volume of fresh acceptor solution.

ADA STELMAKIENE et al.

Penetration experiment through the full-thickness
undamaged human skin

Abdominal skin of Caucasian women (age
range: 25-400 years) was obtained from the
Department of Plastic and Reconstructive Surgery
(the Hospital of the Lithuanian University of Health
Sciences, Lithuania) after cosmetic surgery. It was
stored at -20°C for not longer than 6 months before
use, Kaunas Regional Biomedical Research Ethics
Committee has approved the use of human skin for
transdermal penctration studies. A Bronaugh-type
flow-through diffusion cell with full-thickness
human skin was used for ex vive skin penctration
experiments (# = 3). The experiment was performed
according 1o the methods proposed by Kezutyte et
al. and Zilius et al, (25, 28, 29).

Statistical data evaluation was performed using
the SPSS software with one-way ANOVA, Tukey's
post hoc test was performed for multiple compar-
isons. Level of significance was determined as p <
0.05.

RESULTS AND DISCUSSION
The experimental research found phenolic

compounds of different classes in the standardized
extract of dried hawthorn leaves and flowers: phe-

|
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Figure 3. Inhibition zones imm) of bacterial growth including well dinmeter (7 mm}

Table 1. Amounts of active components found in dry hawthom exiract.

Analyzed Tt::::dpzir;ﬂ;:::;ﬁ:' Chlorogenic Vitexin-2"-(- Hyperoside. | Isoquercitrin,
sample acid equivalent, mg/g acid, mg/g rhamnoside, mg/g mg/g mg/g
1y o 92.00 £ 0.53 791 4 0.52 23.00 £ 1.38 3654043 | 1.95+0.89
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Table 2. Penctration {(n = 3) of standard mix of hawthom active compounds into human skin ex vive,

Epidermis, pg/mlL
Sample Chlorogenic acid Vitexin-2"-2-rhamnoside Hyperoside Isoquercitrin
Standard mix and
taped skin - - I -
Standard mix - ir ir
Ir = Inces

80

&0
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&
I &0
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B 40
z
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Figure 4. Antirsdical activity {n = 3) of the total phenolic content of hawthom based on the binding of DPPH radical

nolic acid, flavone-C-glycoside, favonol-O-glyco-
side. The prevailing compounds, the chemical struc-
ture of which is provided in Figure 1, were quantila-
tively assessed in the hawthorn extract.

A typical chromatogram ol active components
of hawthom dried leaves and flowers extract was
oblained (seen in Fig. 2), based on the adapted and
validated HPLC method. The quality of the dry
hawthorm extract was assessed by measuring the
amounts of prevailing active components as well as
the total phenolic content (Table 1). It has been deter-
mined that the hawthorn leaf and flower extract con-
tained the highest levels of vitexin-2""-0-rhamnoside.

While there are research data indicating that
hawthorn extracts show antimicrobial activity, the
activity  against specific microorganisms  varies
between different authors (4, 14, 15), The aforemen-
tioned differences are probably determined by dif-
ferent  hawthorn  species  analyzed.  different
hawthorn plant materials as well as different sol-
vents, The antimicrobial research carried out by the
authors of this study analyzed an agueous solution
of Crataegus oxyeanta dried flowers and leaves
extract. The results of the antimicrobial activity in
vitro studies showed that the active components of

the hawthorn extract possess antimicrobial activity.
Seven microorganisms were analyzed during the
antimicrobial study. The extract of hawthorn flow-
ers and leaves inhibited the growth of 8, epider-
midis, B. cerens, E. coli and 5. awrews, whereas P
miirabifis, P. aeruginesa and C. albicans remained
resistant. B. cerens showed the highest degree of
sensitivity (the widest zone of inhibition) to the
hawthorn extract (Fig. 3).

Different methods can be found in sciemific
literature to determine antiradical and antioxidant
activity of hawthorn extract (14, 16-19). Differences
in values of DPPH antiradical activity occur as a
result of methodological differences. The study
results of antiradical activity showed that the
hawthorn extract possesses antiradical activity (Fig.
4). The binding of the free radical DPPH" depends
on the concentration of compounds: the greater
amount of phenolic compounds leads o more pow-
erful radical binding effect.

The results of the bioactivity tests have con-
firmed the data reported in scientific literature (4,
16} that hawthorn extract is a suitable component for
topical preparations due its antimicrobial and
antioxidant properties.
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Ex vive penetration experiment was conducted
using full-thickness undamaged human skin to
determine the capacity of hawthorn active com-
pounds for skin penetration. The study results
(Table 2) showed that the epidermis acts as a per-
meability barrier; no analyzed compounds were
found in the dermis. After 24 h of testing, it was
determined that the more lipophilic hyperoside and
isoquercitrin accumulate in the epidermis but their
amounts are below the limit of quantification (Table

ADA STELMAKIENE et al.

2). This can be associated with the fact that the sol-
ubility of hyperoside and isoquercitrin is higher in a
lipophilic environment than in a hydrophilic one
(logP is 04), as compared to the predicted
hydrophilic properties of chlorogenic acid and vitex-
in-2"-0-rhamnoside because their logP is -0.4 and -
1.3, respectively. The permeation test results
showed that the hawthorn active compounds do not
permeate across the undamaged human skin and
their activity is limited to the surface of the skin

160.00 8000
§ 14000
'FE 12000 E
= 100.00 '5
i £
% w000 g
g 60.00 g
2 1000 H
g [
< 2000
00
N1
Figure 5. Rheological charactenstics of group | samples at the tlemperature of 30°C
Table 3. Compositions of modelled natural topical formulasions (g}
Group | Sample Beeswax Honey Butter Cholesterol | AvocadofOlive | Shea | Dry hawthom
no. cacao oil butter extract
1 Nl 5.0 10.0 10.0 3.0 720 - -
N2 7.0 10,0 10,0 30 70,0 - -
N3 .0 10.0 10.0 1.0 680 - -
N4 1.0 10.0 10.0 30 66.0 - -
N5 13.0 10.0 10.0 30 640 - =
NG 15.0 10.0 10.0 30 62.0 - -
11 N7 - - - - 98.0 - 2.0
N¥ 0.5 - - - 97.5 - 20
N9 1.0 - - - 97.0 - 2.0
N10 1.5 . - - 96.5 - 2.0
NI 2.0 - - - 96.0 - 2.0
N2 3.0 - - - 95.0 - 2.0
N13 50 - - - 93.0 - 20
N4 - 10.0 10.0 30 60.0 - 2.0
m N5 = 10.0 10.0 in 6.0 15.0 20
N16 0.5 10.0 10.0 i0 0.0 14.5 2.0
NI17 1.0 10.0 10.0 10 60.0 14.0 2.0
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Figure 6, The kinetics of kawthom active compounds release (n = 3) from group 11 formulations.

(Table 2). This is determined by their lipophilicity
and skin layer properties. In order to determine
whether the stratum comeum limits the penetration
of hawthorn active compounds into the human skin,
this skin layer was removed. Ex vive penetration
results showed that the permeability of active com-
pounds across the human skin with no stratum
corneum did not increase over 24 h of the test. No
active compounds were found in the dermis layer of
the skin. Meanwhile, hyperoside and isoquercitrin
(Table 2) were identified in the epidermis with no
stratum corneum. The study results showed that the
stratum corneum does not limit the permeability of
the studied compounds. Based on the results
obtained, it can be assumed that the permeability of
active compounds is affected by the viable epider-
mis which is more lipophilic, the closer it is o the
stratum comeum (30). The study results have sup-
ported the data reported in scientific literature that
the physical and chemical propertics of the drug
substance in the topical dosage forms determines the
permeation of the drug substance across the skin
(31, 32). Based on the results of these hawthorn sKin

penetration tests, it is appropriate lo select carriers
that act in the epidermis and on its surface and allow
maodeling a stable protective semisolid preparation
for topical application (33). The cintment base for
incorporating active substance was selected by com-
bining components of natural origin (Table 3).
Beeswax and olive oil were the main compo-
nents of semisolid bases of groups 1 and I1. Also, a
N7 suspension and a NI14 formulation without
beeswax were prepared to determine the effect of this
material on the release of active substances. Shea

butter and olive oil were used as the main compo-
nents for the base of group (11 semisolids. An emul-
sifier = cholesterol for enhanced stability and cocoa
butter for better spreadability were incorporated into
the base of T and III group semisolids (34).
Furthermore, honey was incorporated for its antibac-
terial, anti-inflammatory and wound-healing proper-
ties (35, 36). According to the data reported in scien-
tific literature. honey, olive oil and beeswax mixture
is useful on patients with atopic dermatitis, psoriasis
vulgaris and eczema (37, 38). Shea butter has mois-
turizing, anti-inflammatory, UV protection, anti-age-
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ing praperties (39, 40). Two percent of active sub-
stance, extract of dried hawthorn leaves with Mowers,
was incorporated into the bases (Table 3).

A comparative analysis of rheological charac-
teristics (Fig. 5) between samples of group | revealed
a high variety of consistency index from 1.33 1o
129.40 (Pa s)°. It was noticed 2-fold increase of the
consistency index when increasing the amount of
beeswax by 2 grams (the amount of beeswax range
was between 5 1o 15 grams) compared with a sample
containing less than 2 grams of beeswax. An excep-
tion was the range of beeswax between 11 to 13
arams that had a slight effect on rheological charac-
teristics. The highest change (decrease) of flow
behavior index was seen when increasing the amount
of beeswax from 5 w0 7 grams, and later, a consistent
reduction of the flow behavior index to 0.1 was
observed. All tested samples had pseudoplastic char-
acteristics. Statistical evaluation of rheological char-
acteristics revealed that samples can be divided into
four homogeneous subsets (p = 0.05) (N1-N2, N2-
N3, N4-N5 and N6) according to the consistency

index. On the other hand, there was five homoge-
neous subsets (N1, N2, N3, N4-N5 and N6) accord-
ing to the flow behavior index.

The 2% of dry hawthorm extract were added to
the semisolid formulations, however the results of
the in vire release testing of the active compounds
of group I formulations with 2% of dry hawthorn
extract showed that these bases are not suitable car-
riecrs because the analyzed hawthorn compounds
were not released after 6 h of testing. The hypothe-
sis that beeswax may suspend active compounds has
been suggested. Therefore, samples of group 11
{Table 3) were modeled. The experimental tests
determined the effect of beeswax on the release of
hawthorn active compounds by analyzing the sam-
ples of group Il (Fig. 6). The results demonstrated
that an increase in beeswax content had a statistical-
ly significant effect on the release of active sub-
stances. The samples (N10-M13) with 1.5-5% of
beeswax did not release active substances, The data
presented in Figure 5 show that formulations N7 and
N8 released significantly higher amounts of active
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Figure 7. The kinetics of hawihomn active compounds release from group 11 formulations
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substances compared to the formulations N9 and
N14. The results demonstrated that 0.5% of beeswax
did not affect the release of active compounds,
whereas 1% of this material caused a statistically
significant reduction in the amounts of active com-
pounds released. Other components contained in the
semisolid formulations (Table 3) decelerate the
release of active compounds but their cumulative
effect is not significant as compared to the effect of
beeswax. The mathematical analysis were per-
formed for cumulative amounts of active substances
released per square cm from modeled formulations.
It revealed that R* values of Higuchi model were
(L.829, 0,952, 0.974, 0.830 of formulations N7, N§,
N9 and N14, respectively. The study results showed
that the release of a drug substance is determined by
the components of the selected carrier matrix (41).
After analyzing the results oblained from the tests,
shea butter was chosen as a thickening agent for the
semisolid formulations of group 1 (Table 3) as a full
or partial substitution for beeswax. An in vitro release
test of hawthorn active compounds from formulated
semisolid formulations was conducted (Fig. 7).

The results of the release test (Fig. 7) showed
that the formulation N15 without beeswax released
the highest amounts (41.4-42.4%) of active sub-
stances, and the formulation N17 with 1% of beeswax
released  the  lowest amounts  (5.37-6.63%).
Formulation N16 released moderate amounts (32.0-
35.4%) of active compounds. Moreover, the amount
of hyperoside (N17) and amounts of isoquercitrin
released from all the formulations were lower than the
limit of quantification. According 10 the release kinet-

ic profile given in Figure 7, the most rapid processes
occurred during the first and the second hour, The
deceleration of release was observed after 4 h of the
test and stabilization was found afier 6 h. The results
of statistical analysis showed that amounts of released
substances differed statistically significantly between
all the tested formulations. The mathematical analysis
of kinetic profile of active substances released per
square em from modeled formulations revealed that
R7 values of Higuchi model were (L864, 0.981, 0,892
of formulations N15, N16 and N17, respectively. The
analysis of rheological characteristics (Fig. 8) of
group 1 formulations confirmed literature data that
higher amounts of active compounds were released
from formulations with lower consistency indices and
higher flow behavior indices (42). The rheological
characteristics of group 11 formulations showed that
even small amounts of beeswax (up 1o 1%) statisti-
cally significant influenced rheological characteris-
tics of formulations (Fig. 8).

The study results confirmed the hypothesis that
the amount of beeswax had an effect of modeled for-
mulation on active substance release. A statistically
significant difference was found between group 111
samples and the sample N14. The amounts of active
compounds released from the formulation N 14 were
lower than those released from the formulations N15
and N16, and higher than those released from the
formulation N17. The test results demonstrated that
shea butter does not limit the release of hawthorn
active components from semisolid forms,

The ex vive skin penetration tests of semisolid
samples containing shea butter (Table 3. group I11)
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revealed that hawthorn active substances do not pen-
etrate into the skin, The test results demonstrated
that the formulated semisolid preparation can only
alfect the surface of the skin. The test results sup-
ported the data found in the scientific literature that
the physical and chemical properties of a drug sub-
stance in topical dosage forms determines the per-
meability of that substance across the skin from the
applied carrier matrix (31, 32).

CONCLUSIONS

The study analyzed the extract of dried hawthorn
(Crataegus oxvacantha L.) leaves with flowers in
which the following were identified as the main phe-
nolic compounds: chlorogenic acid. vitexin-2"-02-
rhamnoside, hyperoside and isoquercitring the extract
possesses antibacterial activity against B, cemeus, §.
awens, 8. epidemmidis, and E. coli, and antiradical
activity based on the DPPH radical binding capacity.
and can be used as an active ingredient in the topical
formulations. The ex vive penetration test using
undamaged human skin demonstrated that the perme-
ability of hawthom active substances is limited: only
the traces of hyperoside and isoquercitrin were found
in the epidermis. The in vitme release tests revealed that
beeswax in semisolid formulations has a limiting
effect on the release of hawthorn active components.,
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Release of rosmarinic acid from semisolid formulations and its
penetration through human skin ex vivo

ADA STELMAKIENE The aim of this study was to evaluate the release of ros-
KRISTTRA EAMANALRIENE marinic acid (RA) from the experimental topical formula-
VITALIES BRIEDIS tions with the Melissa officinalis L. extract and to evaluate its
penetration through undamaged human skin ex vivo. The
results of the i vilro release study showed that higher
amounts of RA were released from the emulsion vehicle
when lemon balm extract was added in its dry form. An
inverse correlation was detected between the released
amount of RA and the consistency index of the formula-
tion. Different penetration of A into the skin may be influ-
enced by the characteristics of the vehicle as well as by the
form of the extract. The results of penetration assessment
showed that the intensity of RA penetration was influenced
by its lipophilic properties: RA was accumulating in the
epidermis, while the dermis served as a barrier, impeding
its deeper penetration.

Department of Clinical Pharmacy
Lithuantan University of Health
Sciences, Kaunas, Lithuania

Keywords: human skin penetration, rosmarinic acid, rheol-
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Atopic dermatitis is one of the most common skin diseases. Since dermatologic prod-
ucts from natural raw materials are becoming increasingly popular, it is relevant to pro-
duce a semisolid transdermal preparation that would have not only natural active ingre-
dients, but a natural base as well. A clinical study performed by Lee ef al. (1) showed »the
possible clinical use of rosmarinic acid (RA) as a therapeutic agent for atopic dermatitiss,
Rosmarinic acid demonstrated cellular protective properties against the damaging radical
species induced by UVB radiation (2). Scientific literature describes penetration studies
with RA using Caco-2 cell monolayers (3), which reflects penetration of RA through the
intestinal wall, Research has shown (3) that the botanical matrix had no effect on RA pene-
tration through the Caco-2 cell monolayer, Lee ¢t al. (1) performed a clinical study to eval-
uate the effect of a topical RA preparation. However, in our review of scientific literature,
we failed to find any studies analyzing the penetration of RA through undamaged full-
thickness human skin.

* Correspondence; e-mail: adastelmakieneeyahoo.com
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RA is the key active ingredient of a Melissa officinalis L. extract (4). European Pharmaco-
poeia, monograph Melissa officinalis L. leaves, states that Melissa officinalis L. leaves should
contain at least 4 % of hydroxycinnamic acids expressed as RA. RA is also known as an
antiviral (3), anti-inflammatory (5), antioxidant (6), photoprotective (2) and anti-prolifera-
tive (6) component of Melissa officinalis L., which makes it relevant to apply the Melissa of-
ficinalis L. extract as a natural source of RA in the modeling of semisolid formulations.

The aim of this study was to evaluate the release of rosmarinic acid from the experi-
mental topical formulations with the Melissa officinalis L. extract and to evaluate its pene-
tration through undamaged human skin ex viva.

EXPERIMENTAL

Materials

Rosmarinic acid, HPLC-grade acetonitrile, and acetic acid were purchased from Sig-
ma Aldrich Chemie GmBH (Germany). Standardized dry lemon balm extract (sicc. Extrac-
tum Melissae officinalis) was purchased from Naturex (France).

Methods

Preparation of semisolid formulations. = The components of the formulation are listed in
Table I. The choice of the components for the ointment and w/o cream semisolid vehicles
were developed with reference to the earlier published research data (7). In accordance
with the study of Lee et al. (1), the formulations were produced with 4 % of dry lemon balm
extract containing 80 mg g ' RA. Formulations were prepared according to the general
technological principles of semisolid preparation.

Quantification of rosmarinic acid by HPLC. - The amount of RA was evaluated by apply-
ing the capillary HPLC method, which was developed and validated, using the Agilent
1260 Infinity Capillary LC System (Agilent Technologies, USA) with an Agilent diode array
detector. The separation was performed on a C18 ACE (5 pm) 150x0.5 mm i.d. column. The

Table 1. Composition (g) of semisolid formulations with Melissa officinalis L. extract

_n
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: N a.0 5.0 5.0 - 10,0 an a7.0 - - 4.0
N2 15.0 - - 10.0 100 3.0 58.0 - - 4.0
M3 5.0 - - 10.0 10,0 3.0 330 350 - 4.0
N4 5.0 - - 10,0 10,0 3.0 370 - 35.0 =
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mobile phase consisted of solvents A (0.5 % aqueous solution of acetic acid, V/V) and B
{acetonitrile) using the following gradient elution: 23 % of B at time 0, 40 % of B at 10 min,
and 70 % of B at 11-15 min, and then returned to the initial conditions by 10-minute re-
equilibration, with the total run time of 25 minutes. The analysis was carried out at a flow
rate of 10 uL. min™', with the detection wavelength set at 330 nm.

Rhieological flow behavior test, - The test (n = 5) was performed using the Carri-med C5L°
500 rheometer (TA Instruments, Germany), applying the cone-and-plate geometry system
(cone diameter 60 mm, angle 2°, sample thickness 150 pum). The shear rate was increased
from 0 to 500 s ' for 2 minutes. The rheological properties of the samples were determined
according to the Oswald de Waele (8) equation:

ag=Kp"

where « is shear stress (Pa), 1 is shear rate (s7'), and K is the consistency index [(Pa s)"]
which is the indicator of viscosity. The flow behavior index (n) is a dimensionless number
that indicates the closeness to the Newtonian flow. For a Newtonian liquid n = 1 for a dila-
tant fluid n > 1, and for a pseudoplastic fluid n <1 (8).

In vitro release study. — In vitro release experiments were performed using modified
Franz-type diffusion cells (9). The semisolid sample (1.00 £ 0.02 g) was placed into the cell
with a dialysis membrane Cuprophan™ (Medicell International Ltd., UK). The area of the
diffusion was 1.77 ¢m”, Thermostated (37 £ 0.2 “C) purified water acted as the acceptor
medium. The medium was stirred using a magnetic stirrer. Samples from the acceptor
solution were taken at 1, 2, 4, and 6 h and were immediately replaced with the same vol-
ume of fresh acceptor solution.

Ex vivo penetration through the full-thickness wndamaged Juoman skin. — Abdominal skin
of Caucasian women (age range 25-40 vears) was obtained from the Department of Plastic
and Reconstructive Surgery (the Hospital of the Lithuanian University of Health Sciences,
Lithuania) after cosmetic surgery. It was stored at =20 °C for not longer than 6 months be-
fore use. Kaunas Regional Biomedical Research Ethics Committee had approved the use
of human skin for transdermal penetration studies. A Bronaugh-type flow-through diffu-
sion cell with full-thickness human skin was used for ex vive skin penetration experiments
(n=3). The experiment was performed according to the methods proposed by Kezutyte et
al, and Zilius et al. (9, 10).

Statistical data evaluation was performed using the SPSS software with one-way
ANOVA, Tukey’s post hoe test was performed for multiple comparisons,

RESULTS AND DISCUSSION

Stable vehicles were developed in our previous research (7). Vehicles contained all
components indicated in Table I, except Melissa officinalis L. extract. Formulation N1 was a
hydrophobic vehicle with solid paraffin and vaseline, formulation N2 a hydrophobic ve-
hicle with beeswax instead of paraffin and honey instead of vaseline, formulation N3 was
an emulsion vehicle with dry Melissa officinalis L. extract, and formulation N4 was an emul-
sion vehicle with aqueous Melissa officinalis L. extract. During the first stage of the study,
we evaluated the influence of the semisolid bases and the addition of the extract on the
rheological characteristics of the formulations by determining their consistency index and
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flow behavior index. Modification of viscosity is an important part of the preparation of
semisolid formulations and is regarded to be a critical quality attribute in the development
stage of the product (11). To evaluate the possible effect of temperature on the structure of
semisolid formulations during their storage period, we selected the temperature of 30 °C,
which was approximate to the melting temperature of the experimental formulations as
well as to the skin surface temperature. The obtained results showed that all the investi-
gated formulations displayed pseudoplastic characteristics. The results of the experiments
showed that addition of the Melissa officinalis L. extract significantly reduced consistency
indices of the formulations and increased their flow behavior indices compared to the
rheological characteristics of the vehicles (Fig. 1).
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Fig. 1. Rheological properties of semisolid formulations with Melissa officinalis L. extract and vehicles
at 30 °C: a) consistency index, b) flow behaviour index (mean + 50D, n =5).

The addition of dry Melissa officinalis L. extract had the greatest influence on the rheo-
logical properties of N3 as compared to those of hydrophobic formulations (N1 and N2).
The results showed that the addition of the active substance in its dry form had a greater
impact on the rheological properties of emulsion formulations. The calculated consistency
and flow behavior indices reflected the effect of the Melissa officinalis L. extract on the weak-
ening of the structure of semisolid formulations, which may affect the expiry date of for-
mulations.

The results of the RA release studies were in line with the published data, demonstrat-
ing that the release of drug substances from semisolid vehicles is influenced not anly by
the properties of the drug molecule, but also by the properties of the vehicle (12). Data
presented in Fig. 2 show that higher amounts of RA were released from the vehicles (N1,
N2, and N3) when the Melissa officinalis L. extract was added in its dry form compared to
formulation N4, which contained an aqueous lemon-balm extract. The results of the ex-
periments demonstrated that formulation N4 released the lowest amounts (less than 1 %)
of RA (Fig. 2) within 6 hours of testing. Hypothetically, it can be stated that the diffusion
of KA from the aqueous phase of this emulsion was hampered by the inner lipophilic
phase. The highest amounts (39.6 %) of RA were released from the emulsion vehicle N3
within & hours. Results of the statistical analysis revealed a statistically significant (p < 0.01)
inverse correlation (Spearman’s correlation coefficient of —0.82) between the consistency
index and the amount of RA released from the formulations within 6 hours of the experi-
ment. However, no statistically signiﬁcant differences between N1, N2 or N4 were found.
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Fig. 2. Release profiles of rosmarinic acid from semisolid formulations with Melissa officinalis L. ex-
tract: a) N1, N2 and N4, b) N3 (mean £ 5D, n=3).

A statistically significant (p < 0.05) difference of RA release from N3 could be determined
by the consistency index, which was significantly (p < 0.05) different from that of the emul-
sion base. Since the consistency index indicates viscosity (8), and viscosity, in turn, has an
inversely proportional influence on the diffusion process, a decrease in viscosity could
lead to an increase in the substance release rate.

Penetration of RA from the aqueous Melissa officinalis L. extract through the skin was
influenced only by the diffusion process and the properties of the active substance itself.
It was therefore, used as a penetration reference. Penetration tests through undamaged
human skin within 24 hours revealed that the aqueous Melissa officinalis L. extract pene-
trated the epidermis and the dermis; unfortunately, the amounts traced in the dermis
could not be assessed quantitatively. The results confirmed the data presented in the lit-
erature, indicating that passive diffusion of a solute from its vehicle into the skin is deter-
mined by the unique molecular and physical properties of the diffusant, the vehicle and
the skin (13).

The results of the study showed that RA from hydrophobic formulations N1 and N2
penetrated the epidermis within 24 hours of the experiment (Table 11}, and the amount
penetrated (0.20 % and 0.15 %, respectively) was half that of RA from the reference. No RA
was found in the dermis. The obtained results also showed that the penetration of RA was
limited by the release of the active substance from the dosage form. [t should be noted that
hydrophobic formulations contain 15 % of substances that form a film on the surface of the
skin (beeswax, paraffin, or petroleum jelly) (14), which may constitute an additional bar-
rier to RA. RA that penetrated from N4 was also traced only in the epidermis (0.22 %). The
results of the statistical analysis revealed that there was no statistically significant differ-
ence in the amounts of RA that penetrated the epidermis from formulations N1, N2, and
MN4. The results of the experiments demonstrated that the penetration of RA from formula-
tion N3 into the epidermis was approximately 6-fold higher (1.08 %) compared to the re-
sults after the application of N1, N2 and N4. The quantities of RA were significantly high-
er in the epidermis when emulsion N3 was used as a vehicle for RA if compared to the
application of the reference. The results of the penetration assessment showed that RA was
accumulating in the epidermis, and the hydrophilic dermis acted as a barrier preventing
deeper penetration and entry of RA into systemic blood flow. Data showed that the pene-
tration of RA from N3 was enhanced because the penetration was greater than the refer-
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Table 11, Penetration of rosmarinic acid into the epidermis and dermis from semisolid formulations with
Melissa officinalis L. extrac

Rosmarinic acid % el mple
) Meffi::‘{;;:f;::r:?f. (115 Bl T R8 b
Epidermis 0.42 £ 0.05 0202002 0152000 108x0.18 0.22x0.0
[ermis tr 0 0 tr 0
Acceptor 0 0 0 0 0
tr - traces

*After 24-hours application.

ence. The enhancer was probably olive oil, which was one of the components of the vehicle.
Olive oil contains high amounts of oleic acid, which is known as a penetration enhancer
(15). RA was not found in the acceptor phase of any sample. These results have show that
RA used topically generates only local effects,

CONCLUSIONS

The results of the in vitro release study showed that higher amounts of RA were re-
leased from the emulsion vehicle when the Melissa officinalis L. extract was added in its dry
form. An inverse correlation was detected between the amount of RA released and the
consistency index of the vehicle, the decreasing viscosity of the formulations resulting in
higher amounts of RA being released. Differences in penetration of RA into the skin may
be influenced by the characteristics of the vehicle as well as by the form of the extract. The
results have shown that RA used topically generates only local effects. Further studies are
required for the development of more effective lemon balm extract-containing formula-
tions that would ensure a better penetration of RA into the skin.
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Different sorts of Lithuanian honey were analysed by quantitative determination of eight free phenolic
acids amd phenylpropanoid vanillin using high performance liquid chromatography (HPLC) Agueous
cthanol 60% was used as a solvent for preparation of honey samples. Amounts of phenolic acids honey
solutions were in the range from 7.176 to 125624 mg/mL Free phenolic acids and vanillin had been

detected in all samples of honey, but their composition and amount depended on its boanic origin. p-

Coumaric and ferulic acids proved to be the main components in the acacia and buckwheat honey.

ﬂ:’ww" Rasphberry and polyfloral forest honey contained the highest amounts of chloregenic acid. Gallic acid is
“::mn a principal phenolic acid in eucalypius honey. The highest amount of vanillin was identified in buckwheat
Pheeviolic acid honey. The results of the analysis revealed that free phenslic ackds and vanillin were detected in all honey
MonoBaral samples analysed, and their range and armounts varied.

Pokyilaral © 2011 Elsevier Lid. All rights reserved,
1. Introduction specific health conditions, These compounds can also be used as

Nowadays, honey is one of the last remalning untreaved natural
foods, minimally affected by industrial technologics and highly
varying consumer characteristics. Honey is one of the oldest and tra-
ditional sweetening agents for foods and it has still retained a “nat-
ural” image [Aparna & Rajalakshmi, 1999, This natural product is
widely appreciated as the only concentrated form of sugar available
worldwide and is also used for food preservation [Cherbuliez &
Domerego, 2003; Ferreira, Aires, Barreira, & Estevinho, 2009). Honey
is an impartant and unique food product containing bisactive com-
pounds derived from bees and plants (Kafkoniene, Marugka, & Kor-
nykova, 2009), Heney has been reported to contain up to 200
substances (complex mixture of carbohydrates as well as small
amounts of other constituents such as minerals, proteins, vitamins,
organic acids, flavonoids, phenolic acids, enzymes and other phyto-
chemicals), and is considered to be an important part of traditional
medicine (White, 1979). Application of honey for wound infections
and healing is well documented in medical publications (Carson &
Riley, 2003; Van den Berg et al,, 2008), Modern medicine rediscovers
therapeutic properties of natural honey after its potential has been
confirmed by clinical trials in gastric and cardiovascular diseases
{Alvarez-Suarez, Tulipani, Romandini, Bertoli, & Battino, 2010),

Honey contains phenalic compounds, which are recognised as
natural antioxidants thus supporting the application of its use in

* Correspanding author. Tel.: +370 37327254,
E-matl address; ada.stelmakiens@yahoo com (A Stelmakien L

O308-81446/§ - see front matter © 2001 Elsevier Led, All rights reserved.
lod; 10,101 5/ foodchem. 200 1.12.007

the indicators in the studies of the floral and geographical origin
of honey and propolis. Phenolic acids are important group of com-
pounds with respect to appearance and functional properties. Phe-
nolic compounds eccurring in heney have been classified into three
groups: flavoneids, cinnamic acids and benzoic acids (Amiot,
Aubert, Gonnet, & Tacchini, 1989). Some researchers classified
phenolic compounds into two groups: phenolic acids including
phenolic esters and flavonoids (Amiot et al,, 1989; Martos et al,,
2000). The composition of honey phenolic compounds depends
on the floral source used to collect nectar, seasonal and environ-
mental factors, geographic origin, storage conditions; additionally,
the processing may affect antioxidant activity of honey which is
determined by the compesition of phenolic compounds (Anklam,
1998}, Differences in physical properties of heney (colour, viscos-
ity, hygroscopic properties and pH) and taste are mainly deter-
mined by botanical composition of honey (velatile compounds,
carbohydrates and phytochemicals) that can vary significantly.
Existing data on chemical composition confirm the differences in
qualitative and guantitative composition of honey polyphenols.
Determination of total polyphenols in Portugal rosemary, viper's
bugloss and heather honeys revealed variations from 132.0 pglg
for honey extract and up to 728.0 pg/g for whole honey, The lower
values were determined in the case of honey extracts and that
could be explained by losses of some ingredients during extraction
process (Ferreira et al., 2009), The total content of phenolic com-
pounds in herbal honeys from Romania was in the range 20.0-
45000 pglg (Al et al, 2008 ). Determined quantities of phenolic acids
in Australian honeys were relatively low and ranged from 2.13 mg/
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100 ¢ in sunflower honey to 1211 mg(100g in tea tree honey,
while the amounts of individual acids varied significantly (Socha,
Juszczak, Pietrzyk. & Fortuna, 2009). Polish researchers have
determined phenolic acids and flavonoids in buckwheat, acacia
and honeydew honeys while developing liquid chromatography/
tandem mass spectrometry analytical methed (Pyrzynska & Bie-
saga, 2009), Available data demonsirates a key role of phenolic
acids and phenylpropanoids in antioxidative defence mechanisms
in biological systems, exhibit health-promoting effects and may
have inhibitory effects on mutagenesis and carcinogenesis (Ivan-
auskas, Jakiras, Radusiens, Lukosius, & Baranauskas, 2008), Pheno-
lic acids and phenylpropancids have showed a significant
antibacterial activity {Aljadi & Yusoff, 2003 ). A contribution of nat-
ural phenolic compounds to the nutritional quality of fruits and
fruit products. which play an important role in the daily diet. is
clearly established (Summanen, 1999), Thus phenolic acids and
phenylpropanoinds could be proposed as the reliable indicators
of honey quality and authenticity. The aim of the study was to
determine the qualitative and quantitative composition of free
phenalic acids (caffeic acid. chlorogenic acid. cinnamic acid, p-cou-
maric acid. ferulic acid. gallic acid, rosmarinic acid and vanillic
acid) and phenylpropanoid vanillin in various sorts of Lithuanian
honey by high-performance liquid chromatography (HPLC) tech-
nigue. Analysis of abtained data will support preliminary conclu-
sions on possibilities to identify sorts of Lithuanian heney
referring to the phenolic fingerprint and provide data for compar-
ison o the similar results presented by other research groups.

2. Materials and methods
2.1, Materials

Four honey samples were collected in Lithuania in 2008 during
the flowering scason in central geographical region of Lithuania.
Three samples of monofloral raspberry (Rubus fdoeus), acacia
{Acocia catechu) and buckwheat (Fagopyrum esculentum) honey
and the sample of polyfloral forest honey were selected for the
analysis since they are main honey sorts consumed in Lithuania.
For comparative purposes samples of eucalyprus honey { Eucalyprus
globules) of Spanish origin purchased from the supermarket was

analysed.

2.2. Detection af free phenolic acids and phenylpropanoids by high-
performance liquid chromatography

2.2.1. Test solution

For the analysis of the active substances, 30% of honey ethanol
solutions were used. For the extraction of active substances from
honey G0% ethanol was used. After extraction, the honey extract
was filtered through a paper filter. Solutions were filtered through
a membrane filter with a pore size of 0.22 pm (membrane filters
for syringes, aylon membrane, diameter of 13 mm: Carl Roth
GmbH, Karlsruhe, Germany).

2.2.2 Materials

Methanol for HPLC analysis was of HPLC grade and was pur-
chased from Carl Roth GmbH {Karlsruhe, Germany ), Distilled water
used for the preparation of solvents was filtered through the Milli-
pore HPLC grade water preparation cartridge (Millipore. Bedford.
USA) and 0.45 pm pore size membrane filter. Standards of phenolic
acids and phenylpropanoids were purchased from ChromaDex
(Santa Ana. USA). HPLC analysis with UV/PDA detection was carmied
out using the Waters 2690 chromatography system model (Waters,
Milford, USA), equipped with a Warers 2487 UV|Vis detector
and Waters 996 PDA detector. A Hichrom column Hypersil

H5005-1504 150 =« 4.6 mm (Hichrom Lid., Berkshire, UK) and a
H50058-10C guard-cartridge were used for separation. The data
were collected and analysed using Waters Millennium 2000" chro-
matographic manager system (Waters Corporation, Milford, USA}
software. Eluent A was methanol and eluent B was 0.5% {w/v] acetic
acid in water. The elution profile was as follows: 0 min 105 A in B,
28 min 60% A in B and 30 min 10% A in B, All gradients were linear.
The flow rate was 1 miimin, the column temperature was ambient,
and the injection valume was 10 pl. UV detection was performed at
290 nm. An identification of eluted components was based on the
retention time by comparison of the reference standard. The identity
of constituents was also confirmed with a PDA detector by compar-
ison with UV spectra of the reference standard in the wavelength
range of 190-400 nm (Ivanauskas et al., 2008; Ramanauskiene et
al.. 2009}

Statistical analysis was performed using statistical software
package Statistica 5.5. The data is presented as mean £ 5D (stan-
dard deviation), and SE (standard errors). Statistical analysis was
performed using Student’s 1 test, and P < 0,05 was used as the level
of significance. All samples were prepared in triplicate.

3. Results and discussion

The qualitative and quantitative fingerprint of phenalic acids in
honey could be evaluated using it as a reliable indicator of honey
origin and guality. The samples of Lithuanian honey were analysed
to determine the significance of differences between composition
of free phenolic acids and phenylpropanoid vanillin, and in respect
of eucalypt honey. The HPLC analysis confirmed the presence of the
phenolic acids and phenylpropanoid vanillin in the analysed honey
samples, The chemical structures of determined phenolic acids and
vanillin are presented in Fig. 1.

Analytical data demonstrated that the highest total amount of
phenolic acids was detected in forest (125624 pg/ml) and buck-
wheat {117,434 pg/ml) honey (Table 1). The determined quantities
of phenolic acids in acacia, raspberry and eucalyptus honey sam-
ples were significantly lower. The difference between the quanti-
ties of phenolic acids in polyfloric forest honey and monofloric
buckwheat honey was statistically significant. Similarly, the differ-
ences between the quantities of phenolic acids in raspberry and
acacia Lithuanian honeys were also statistically significant. Never-
theless, the tofal amount of phenolic acids could net be recom-
mended as a single indicator for honey quality confirmation,

Gallic acid is one of is one of phenolic acids frequently deter-
mined in samples of honey of different geographic origin (Oddo
et al., 2008). Gallic acid was found to be the dominant acid in some
Australian, New Zealand and Peruvian honeys [Comez-Caravaca,
Segura-Camretero, & Ferndndez-Gutiérrez, 2006; Rodriguez-Mala-
vera et al, 2009: Yao et al, 2003; Yao, Jiang. Singanusong, Datta
&, Raymont, 2004, 2005). The anmalysed samples of Lithuanian
honey contained relatively low amounts of gallic acid, and it was
below limit of detection in analysed samples of acacia and buck-
wheat honey that had been collected in Lithuania. A typical chro-
matogram of acacia honey is provided in Fig. 2. The analysed
eucalyptus honey sample contained the highest amount of gallic
acid, and that could be considered as one of characteristic differ-
ences when compared with analysed samples of Lithuanian honey.
The results of the analysis are in line with the data available from
other groups of researchers that concluded gallic acid as one of the
dominating acids in eucalyptus honey (Gémez-Caravaca et al.,
2006; Yao et al, 2003, 2004). The chromatogram of analysed esca-
lyptus honey is presented in Fig. 3.

Awailable data on contents of ferulic and p-coumaric acids in
Lithuanian propolis products have indicated relatively high
quantities (Ivanauskas et al.. 2008; Ramanauskiene et al.. 2009),
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Fig. 1. The structures of the analysed compounds. 1-caffesc acid; 2-fenulic acid; 3-coumarnic acid; 4-cinnamic acid; S-vanillic acid; S-vanallin; T-rosmarimic acid; E-gallic acid;

Schlorogenic acid.

Table 1
The amownts of phenolic acids in the analysed baney samples.

Phenalic a0k Amaunt of phenolic acids

Mean (pg/mi) & 50

Acacia Raspberry Buckwheat Emcalyptus Forest
Callie acid =100 L0 = 0029 <10 5.150 = 0041 0774 = 0013
Chlarogenic acid 0754 + 0012 5751 = 0051 18402 + DOST 1.044 = 0,049 79,106 * 0026
Wanillic acid <Lo 0295 = 0011 2310+ D.OZE 0320 =021 B.04E £ 0054
Calfeic acid 0404 + D022 0225 = D046 3831 £ 03T 0376 = Q062 4.736 = 0.058
Coumaric acid 3674 + (L0 0852 + D.OR 43,676 £ 0051 3.323 £ 0024 2147 £ 0012
Rasmasinic acul 0A1Z + D025 450 £ 0011 5080 + D.OZE 0,529 & 0027 B350 £ 0016
Cinmarmic sl 0453 + (L46 D23+ 0O54 3.299 + 052 0274 = 04T 0,104 £ D.O5E
Ferulic acid 1.369 + 0.D14 1745 = 0.025 35118 + 0017 2014 £ QHE I2.330 £ 0.031
Tetad amount of phenodic acids 7176 2372 117434 1303 125624

“ LoD - Hmit of detectinn

Dependence of p-coumaric and ferulic acids quantities in honey
was associated with its botanical origin (Aljadi & Yusoff, 2003;
Gamez-Caravaca et al., 2006}, Characteristic feature of buckwheat
honey was high ameunt of p-coumaric acid, which was at least
10-fold exceeding the quantities of the same acid in other analysed
sorts of Lithuanian honey.

High amounts of ferulic acid were found in buckwheat {35128
ug/ml} and polyiloric forest (22.32 pg/ml) honey, and samples of
acacia, raspberry and cucalyptus contained from 0.745 up to
2.0014 pg/ml of ferulic acid. The charactenstic chromatogram of
buckwheat honey is given in Fig. 4.

A significant variation of chlorogenic acid quantity was deter-
mined in the analysed honey samples. The determined guantity

of chlorogenic acid decreased in the samples in the following or-
der: polyfloric forest » buckwheat > raspberry > eucalyptus > aca-
cia, Chloregenic acid accounts for up to 60% of the total amount
of phenelic acids in analysed raspberry and polyfloral forest hon-
eys, and only approximarely for 15% of the total amount of pheno-
lic acids in analysed buckwheat honey samples. The chlorogenic
acid is determined in many sorts of honey and is considered as
an informative part of honey characteristic phenolic profile (Yao
et al., 2003, 2004, 2005

Rosmarinic acid is considered o be charactenstic of thyme
honey (Andradea, Ferreres, Gilb, & Tomds-Barberdn, 1997 ). There-
fare, it could be evaluated as indicative for forest honey, and this
assumption was confirmed by the analysis results of polyflonc
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Fig. 2 Besults of HPLC determination of phenolic compounds present in acacia bonsey 1-chlorogenic acid; 2-caffeic acid; I-vanillin, 4-coumaric acid; S-ferulic acid; 6-

rosmarinic acid; T-cinmamic acid.
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Fig. 3. Resubts of HPLC determination of phenolic compounds present in eucalypius honey 1-gallic acid; 2-chlorogenic siid: I-calleic acid; 4-vanilling 5-coumaric acid; 6-

Ferulic acid; 7-rosmarinic acid, B-¢inmnamic ackl.
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Fig. 4. Resulis of HPLC determination of phenclic compounds present in buckwheat honey 1-chlorogendc acid; 2-vanillinic acid; 3-calfeic acid; 4-vanillin; S-coumaric acid; 6

ferulic acid; 7-rosmarinic acid; 8-cinammic acid,

forest honey. Rosmarinic acid quantities in any other analysed
honey sample did not exceed 6% of the total ameunt of phenolic
acids.

The data presented in Table 1 demonstrate that vanillic acid
was not detected in acacia honey, and its highest amounts were
identified in forest honey samples. The higher amount of caffeic

acid was detected in buckwheat and forest honey, whereas cin-
namic acid was determined only in the analysed buckwheat honey
samples (Table 1).

Phenylpropanaid vanillin was detected in all analysed honey
samples. Its highest amounts were determined in buckwheat
honey samples, high amounts in forest honey and relatively low
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Fig. 5. The amount of vanillin in the analysed honey samples,
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Fig. 6. Relative quantities of analysed phenolic acids and vanillin in honey samples,

amounts in acacia, eucalyptus and raspberry honeys (Fig. 5). The
amount of vanillin in buckwheat honey was significantly higher
if compared to other analysed samples, thus it could be used to dis-
tinguish buckwheat honey from acacia, raspberry and eucalyptus
honey.

Comparison of relative quantities of phenolic acids and vanillinin
different honey samples demenstrated significant variations of their
quantitative compaosition (Fig. 6). Thus the HPLC fingerprint of phe-
nolic acids could be considered as one of the rational methods o
determine the ientity of honeys produced in Lithuania. Attempes
to apply single phenolic acid analytical data for authentication of
honey type can lead o fallacious results, as quantities of some indi-
vidual phenalic acids could be present in similar quantities, and
those are subjects for anmeal variations. Ferulic acid was determined
in all analysed honey samples, significant amounts of chlorogenic
acid were present in raspberry and forest honey, p-coumaric acid
was determined in acacia, buckwheat and eucaly ptus honeys, traces
of cinnamic, caffeic and vanillic acids, Therefore, comparative ratios
of phenolic acids in heneys could be considered as potential indica-
tars of botanical/floral origin of honey,

4. Conclusions

The analysis method applying high performance liquid chroma-
tography is appropriate for the identification and quantification of
free phenolic acids and vanillin in honey. Total amounts of pheno-
lic acids in forest and buckwheat honeys exceeded the contents of
phenolic acids in acacia, raspberry and ewcalyptus honey more
than 10-fold. p-Coumaric and ferulic acids were identified as the
main components in acacia and buckwheat honey. Relative quan-
tity of p-coumaric acid in acacia honey (approximately 45%) was
significantly higher if compared to raspberry, and ferest honey
{up to 10%). The largest amount of chlorogenic acid was found in
raspberry and polyfloral forest honeys, and it made up to 60% of fo-

tal phenolic acid contents. In ewcalyptus honey, gallic acid
accounted for the largest fraction {approximately 35%} of phenolic
acids, Only traces of gallic acid were determined in acacia, buck-
wheat and forest honeys, Vanillin was detected in all analysed
samples of honey, but its highest absolute amounts were detected
in buckwheat honey. The results of the analysis revealed that free
phenolic acids and vaniilin were detected in all honey samples
analysed, and their range and amounts could be related ro the
batanical origin of the honey.
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The aim of the study was to determine the effect of the biological origin and temperature on rheclogical
and physicochemical characteristics of honey. The honey of the selected varieties differed in color,
scent, microstructure, total acidity, moisture, and pH. The level of moisture statistically significantly
correlated with the rheological characteristics. The highest total acidity was a characteristic of forest
and buckwheat honey, and the lowest of acacia honey. The lowest pH value (3.76) was found in forest
and rape honey, and the highest in eucalyptus honey. Moisture levels significantly correlated with the
rheological characteristics. All varieties of honey at all the studied temperatures were characterized by
properties of non-Mewtonian substances. The study showed that the effect of temperature on
rheological characteristics of differant types of honey varied and was more pronounced in honey with a

crystalline structure, and less pronounced in non-crystalline honey.

Key words: Honey, rheclogical characteristics, physicochemical properties.

INTRODUCTION

Honey is known as a viscous and aromatic product
produced by bees, mainly from the nectar of flowers or
haneydew (Lazaridou et al., 2004). This natural product is
widely appreciated as the only concentrated form of
sugar available worldwide and is also used as a food
preservative (Cherbuliez and Domerago, 2003; Ferreira
et al., 2009). Honey contains readily available sugars,
organic acids and some amino acids, as well as certain
macro and microelements, and also is a rich source of
many biologically active compounds (Juszcak and
Fortuna, 2006, Kayacier and Karaman, 2008). The
composition and properties of honey vary with the ficral
and honeydew sources utilized by honeybees, as well as
regional and climatic conditions (Lazaridou et al., 2004).
The color of honey, beside flavor and aroma, is ane of
the characteristics that serve fo indicate the plant source.
It ranges from very pale yellow through amber and dark
reddish amber to nearly black (Bertoncelj et al, 2007;
Mateo Castro et al., 1992, Terrab et al., 2004).

About 80,000 bee colonies are grown in Lithuania (The

“Corresponding author. E-mail; kristinaraman@gmail.com. Tel
+37037327290.
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Lithuanian Department of Statistics under the Government
of the Republic of Lithuania 2008), and ca. 1.8 thousand
tons of honey is harvested in the country, One colony of
bees preduces ca. 20 to 22 kg of honey. Lithuania is
exporting honey (about 100 to 200 tons) to the USA,
Germany, and the Mordic countries (The Lithuanian
Department of Statistics under the Government of the
Republic of Lithuania 2010). The predominant variety of
honey in Lithuania is polyfloral honey (from meadows and
forests), and also rape and buckwheat honey; linden
honey is less commaon, and acacia honey is very rare.
The Greeks, Egyptians, and other culiures made use of
honey as a medicine throughout history. It is one of the
oldest known medicines and has continued being used
up to present times. Honey is a viscous texture, in
addition features anti-bactenial, anti-inflammatory, pro-
motes wound healing, and is used as the active ingre-
dient in creams and ointments compositions. Honey's
hygroscopic property also makes it an ideal ingredient as
it helps keep skin hydrated and fresh and prevents
drying. Many authors demonstrated that honey serves as
a source of natural antioxidants, which are effective in
reducing the risk of heart disease, cancer, immune-
systemndecline, cataracts, different inflammatory proces-
ses eic(The National Honey Board, 2003). Anticxidant



activity was the lowest in the brightest acacia and lime
honeys and the highest in darker honeys, namely fir,
spruce and forest (Bertoncelj et al., 2007).

Honey is described in the pharmacopoeias of many
countries, including the European Pharmacopoeia
(Supplement 5.1 to the 5"). The quality of honay is
determined by testing the water content, purity, diastase
number. The rheological characteristics are not analyzed
by honey quality standard. Rheclogy is a key physical
property in understanding the flow and deformation of
raw materials, processing intermediates, and final
products (Race, 1991; Martin, 1998, Sopade et al., 2004),
The rheclogical data are used in engineering calculations
imvalving a wide range of equipments such as pipelines,
pumps, mixers, extruders, homogenizers, coaters, heat
exchangers, calenderes; in the determination of ingre-
dient functionality in the product development and shelf
life testing (Sopade et al., 2004; Steffe, 1996).

Rheological properties of honey are very important in
terms of applications related to handling, processing,
storage, and quality control (Yoo, 2004). The rheological
behavior of honey depends on the floral sources,
moisture, and temperature (Rao, 1977). Consequently,
rheology can be used to characterize changes in the
composition of honey which can occur naturally over time,
such as moisture absorption, or sugar crystallization
(Cohen and Weihs, 2010). In most of the published
papers, honey is reported to be a Newtonian fluid
(Lazaridou et al, 2004; Juszcak and Fortuna, 2006;
Bhandari et al., 1999, Mossel et al., 2000), pseudoplastic
(Pereira et al., 2003; Smanalieva and Senge, 2008), and
dilatant (Steffe, 1998). Australian honeys (bloodwood,
blue top iron bark, gum top, heath, namow leafed iron
bark, stringy bark, tea tree, yapunyah, and yellow box)
were analyzed over a range of temperaturas (1 to 40°C)
and exhibited Newtonian behavior (Mossel et al., 2000).

Queiroz et al. (2005) showed that the honey from
Piptaderna  monififormis flowers has a non-Newtonian
fluid behavior with characteristics of a pseudoplastic fluid.
Thixotropy is quite pronounced in honey from heather
(Calluna wulgaris), buckwheat (Fagopyrum esculentum),
white clover (Tnfolium repens), Mew Zealand manuka
(Leptospermum scoparium), and Indian karvi (Carvia
cafiosa) (Munro, 1943). Dilatancy is reported in Nigerian
honey (Opuntia engalmanmi) and several Eucalypfus
honeys such as that from Ewcalyptus ficifolia (White,
1878). The thixotropic behavior is thought to be due to
proteins in the honey, while the presence of a high-
maolecular weight (1,250,000) dextran is responsible for
the dilatancy (White, 1978).

Viscosity of honey depends on several factors: such as
temperature, moisture and crystal structure, it is
important to evaluate these factors before using honey as
aclive substance or excipient in pharmaceutical products.
Viscosity, one of the most important rheclogical para-
meters of honey, largely affects product quality and
processing conditions related to the design of honey-
processing equipment (Yanniotis et al., 2008). It is known
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that knowledge of the effects of temperature on the
rheclogical properties of honey is necessary for its
production, processing, and storage (Oh and Yoo, 2011).
The rheological properties of honey are important qua-
lities that influence the sensory quality of the product and
also affect a number of technological opera-tions such as
honey heating, mixing, filtering, hydraulic transport and
bottling (Yanniotis et al., 2006).

Considering that the rheological properties of honeys
are strongly influenced by temperature, it is necessary to
study the effect of temperature on the relationship bet-
ween moisture content, microstructure and rhealogical
properties of honeys to provide some information for
estimating the quality of honey. Therefore, many resear-
chers have siudied the rheological properties of honey at
different temperatures (Sopade et al, 2004; Kang and
Yoo, 2008, Bhandan et al., 1959; Al-Malah et al., 2001,
Abu-Jdayil et al., 2002; Yoo, 2004). Howewer, the
rheological properties of different honey varieties pro-
duced in the Baltic region at diffirent temperatures has
not been studied. The aim of the study is to determine the
effect of the biclogical ongin and temperature on
rheological and physicochemical characteristics of honey,

MATERIALS AND METHODS

The objective of the study was buckwheal eucalyplus, acacia,
rape, and forest honey. Honey samples were obtained in a
Lithuanian supermarkel Eucalyptus honey was selected for
comparative studies, as it is popular among Lithuanian consumers
Honey samples were kepl in @ sealed glass container at room
lemperalure,

Rh: gical flow exan

The examination was parformed using a rheometer Carri-med CSL*
500 (TA Instruments, Germany), by applying the cone-plate
geometry system (cone diameter (40 mm), angle (2°) and sample
thickness (850 prm) at the designated temperatures 20, 30, 40, and
50°C. In the pravicus research, many researches heated at 50 or
55°C honey samples before rheclogical measurement {Mossel el
al., 2000, Abu-Jdayil et al., 2002, Lazaridou et al, 2004, Yoo, 2004;
Sopade et al., 2004). In the present study, however, the measuring
of honey samples has been done in a natural stale withow! a
heating process applied to the samples. The temperature range
from 40 to 50°C was selected, due 1o honey crystals melting
temperature and peculiarities of the production of liquid and semi-
solid preparations (Xu, 2003, Rowe et al, 2003, Bakier, 2004,
Smanalieva and Senge. 2008). The shear rate was increased for 2
min from 0 1o 500 87, and then for 2 min decreased from 500100 8"
The rheological characleristics were calculated by applying Ostwald
de Waele's mathematical model (Bourne, 2002)

Determination of the pH value

Determination of the pH value was performed with a pHim\V metes
Delta OHM HD 21051 (Delta OHM, ltaly)

Determination of the microstructure

The microstructure of the samples was determined by using the
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Motic® (Motic China Group Co., Ltd., China) microscope, Reastifs
Ral (France) immersion oil, and 100x magnfication lenses. The
microstructuse of the samples was photographed with a Moticcam
1000 1.3 Pixel camera (Motic China Group Co., Lid,, China)

Determination of moisture levals

Moisture levels were determined with a refraciometer (MP®-22, N
5£50251), by applying the Chatway method. The refraction index
was determined with a refractometer at the temperature of 20°C.
Depending on the refraction index, the moisture level (%) was
determingéd according to the presented tables (Decres of the
Minister of Agriculture of the Republic of Lithuania, 2000, Codex
standard for honey. Codex STAN 12-1981 Codex Alimentarius
Commission Adopled in 1581, Revisions 1987 and 2001)

Determination of total acidity

The total acidity of honey is a total amount of free and Enked
organic and inorganic acids in honey.

10 g of homey was weighed with 0.01 g accuracy, and
subsequently dissolved in 75 ml of distilled water. The sample was
then titrated with 0.1 M potassium (sodum) alkali, adding 4 10 5
drops of phenclphthalein ino the titration flask. The altered color of
the solution should remain stable for 10 seconds (Decree of the
Minister of Agnculture of the Republic of Lithuania, 2000, Codex
standard for honey. Codex STAN 12-1981 Codex Alimentaris
Commission Adopled in 1981, Rewisions 1887 and 2001} Al
measurements were performed in friplicate. The results were
ohitained by calculating the anthmetic mean £ standard arror (SE)

Statistical analysis

Statistical analysis was performed using SPSS 17.0 software, by
applying the univariate dispersion analysis [ANOWVA)  Multiple
comparnsons were performed by applying Tukey's HSD criterion
Correlations were delermined by applying Spearman's critérion
The significance level was set ato = 0.05

RESULTS AND DISCUSSION
Physicochemical characteristics of honey

Data presented in Table 1 show that buckwheat and rape
heney had specific sensory characteristics. The highest
total acidity was characteristic of forest and buckwheat
honey, while the lowest total acidity was observed in
acacia honey (Table 1). Total acidity of all vaneties of
honey did not exceed the set norms (Codex standard for
honey, Codex STAN 12-1981 Codex Alimentarius
Commission Adopted in 1981, Revisions 1987 and 2001).
Meanwhile, the lowest pH value was found in forest and
rape (3.76) honey, while the highest — in eucalyplus
honey. Water content detected in the studied honey
samples ranged between 18 to 20.2%. The moisture level
of Lithuanian honey samples was consistent with Indian
honey, with 18.7 to 21.8% (Singh and Bath, 1987), and
Moroccan honey with 168 to 20.3% (Terrab et al., 2002).
In contrast. Saudi honey had lower moisture content, with
14.0 to 16.9% (Al-Khalifa and Al-Arify, 1988), Turkish
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honey - with 16.3to 17.9% (Kayacier and Karaman, 2008),
and Polish honey - with 147 to 18% (Juszcak and
Fortuna, 2006), while Chinese honey had a higher mois-
ture content - in the range of 19.8 to 29.0% (Junzheng
and Changying, 1998). It is notewerthy that moisture of
rape honey somewhat exceeded the set norms, but not
more than by 20% (Codex standard for honey. Codex
STAN 12-1981 Codex Alimentarius Commission Adopted
in 1981, Revisions 1987 and 2001). The evaluation of the
microstructure of honey samples showed that acacia
honey did not have crystals, forest honey was
characterized by accumulation of large crystals, and
crystal size progressively decreased in, accordingly,
buckwheat, eucalyptus, and rape honey, forming an
integral crystalline structure (Table 1)

Rheology of honey

Rheological characteristics of honey samples at the
temperatures of 20 and 30°C

The analysis of the relationship between the shear stress
of the studied systems and the shear rate showed that at
the temperatures of 20 and 30°C, all honey samples
showed characteristics of non-Newtonian substances
(Figure 1). The results did not confirm most literature data
that honeys from different origing exhibit the Newionian
behavior (Junzheng and Changying, 1998; Bhandari et
al., 1999; Mossel et al, 2000, Al-Malah et al, 2001,
Sopade et al, 2002). However, there are also reports
indicating non-MNewtonian flow characteristics of certain
honeys, For example, Indian Karvi honey and New
Zealand Manuka honey were found to exhibit thixotropic
behawvior, while a Nigerian honey and eucalyptus honeys
exhibited dilatant flow behavior (Munro, 1543, White,
1975, Mossel et al., 2000). Alse, it was reported that
Germman, P. meniliformis and Galician honeys exhibit
pseudoplastic behavior (Smanalieva and Senge, 2008;
Queiroz et al,, 2005, Gomez-Diaz et al., 2008).

Curves presented in Figure 1 show that the greatest
shear stress at the temperatures of 20 and 30°C was
observed in eucalyptus honey, while the lowest in acacia
honey. Meanwhile, rape honey at 20°C and greater shear
rate did not flow (the curve was chaotic). Honey of this
sort did flow at the temperature of 30°C. The smallest
space between up and down curves was observed in
acacia honey. Data presentad in Table 2 show that the
highest flow consistency index (K) and thixotropy at both
temperatures was seen in eucalyptus honey, and the
lowest in acacia honey. At the temperature of 20°C, the
lowest flow behavior index {(n) was observed in
eucalyptus and forest honey, although the flow consis-
tency index of eucalyptus honey was nearly by two-fold
higher than that of forest honey. Data in Table 1 show
that large crystals predominated in forest honey, which
might have affected poor flow behavior of this honey.
Different sizes and forms of honey crystals are forme



Table 1. Physicochemical characteristics of different varieties of honey.
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Variety

Total acidity

Maoisture

{rumber) Color Scent {meqglkg) %) pH Microstructure
Buckwheat (1) Yellow-brown Specific, rich 2417 £ 0.60 19.1£01 3972002
Eucalyptus (2) Yellow Mild 1967 £ 044 182+00 439+001
Acacia (3) Clear, yellowish Weak, mild 11.33£0.33 19101 388:001
Rape (4) Yellowish-whitish ~ Sour 1417 £067 202+00 37600
Farest (5) Yellow Mild, waxy 2450:058 180:01 374001

due to presence of sugars and their influence on tauto-
merism of glucose. Rheological characteristics of honey
are affected by honey crystals (Smanalieva and Senge,
2008). Acacia honey did not have any crystalline
structure, and thus had the lowest flow consistency index
and the highest flow behavior index. The flow
characteristice of acacia honey were similar to Brasil
honey of P moniiformis (Queiroz et al, 2008).
Crystalline structure was also characteristic of buckwheat
honey (Table 1), but its flow consistency index was lower,
compared to that of forest and eucalyptus honey - the
varieties with a typical crystaline structure. The flow
behavior index of buckwheat honey had an intermediate
position between forest and acacia honey (Table 2). The
highest thixotropy at the temperature of 20°C was
observed in eucalyptus honey (202433 Pals), and the
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lowest in acacia honey (7783 Pals).

In addition to that, studies showed that viscosity and
flow ability were more dependent on the biological ongin
of the honey because even though moisture was the
highest in rape honey, compared to other honey varieties
(Table 1). yet the honey did not flow at 20°C (Figure 1A).
The evaluation of the flow behavior and rheclogical
charactenstics of rape honey at the temperature of 30°C
showed that this sample had the highest consistency
coefficient, although its thixotropy was similar to that of
forest honey, whose flow consistency index was lower by
4 times. This shows that at 30°C rape honey demon-
strated elastic properties and, with decreasing shear rate,
returned to its initial state better than eucalyptus honey
with a lower flow consistency index did.

Data presented in Table 2 show that that temperature
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Figure 1. Fiow curves of differant varieties of honey at temperatures of (&) 20°C and (B) 30°C.

change by 10°C had different effects on rheological
properties of different varieties of honey, which indicates
that the biclogical origin of honey also plays a role, K
value and thixotropy of eucalyptus honey dropped by
half, while n value remained unchanged. In other varie-
ties of honey, K value ant thixotropy decreased by three
times, while n value remained unaltered. Only thixotropy
of acacia honey was an exception it dropped by half from
7793 to 3663 Pals, and was by over 8 times lower than
that of buckwheat honey. and over 28 times lower,
compared to that of eucalyptus honey.

The evaluation of these findings confirms literature data
indicating that temperature and biolegical origin of honey
affect its rheclogical characteristics (Yoo, 2004). Statis-
tical evaluation of the rheological characteristics of
differant varieties of honay at the temperatures of 20 and
30°C s provided in Table 3. Dala presented in Table 3
shows that most numerous statistically significant
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differences were found between thixotropy and flow
behavior indices of different varieties of honey, This
indicates that even at similar consistency coefficients, the
flow bethavior of honey and its ability to return to the initial
state after deformation differ.

Rheological characteristics of honey samples at the
temperature of 40 and 50°C

At the temperatures of 40 and 50°C, all varieties of haney
demonstrated pseudoplastic substance properties (Figure
2). The wviscosity all honey samples decreased with
increasing temperature as expected (Kayacier and
Karaman, 2008). Curves presented in Figure 2 show that
at the temperature of 40°C, the highest shear stress was
observed in eucalyptus honey, while the lowest in acacia
and forest honey. At the temperature of 50°C, the flow
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Table 2. Rheclogical characterisbcs accordng to Osiwald de Waele's mathematical mode! in different varieties of honey al the

temperatures of 20 and 30°C

Property! 20°C 30°C
sample K, (Pas)" n Thixotropy, Pals K, (Pa-s)" n Thixotropy, Pals
1 235821.18 0.7344 £ 0.01 75173 £ 4434 8131052 0.7313:0.01 27825 + 885
2 11950 £2383 05219+004 202433 £ 9663 56,03 £ 4,07 0.534 £+0.01 105577 + 3775
3 531+012 0.9436 + 0.003 Tr93 +1399 185+ 004 0.9482 + 0.002 36631 + 118
4 - - - BE23+1476 03298 +003 59345 + 5428
5 67.77 2 2.36 0.564 = 0.005 138850 + 1050 22302032  0.6014 + 0.004 52850 + 1509

Table 3. Statistical evaluation of the rheclogical characteristcs of honey at the

temperatures of 20 and 30°C

Property
Variety Varioty 20°C nc
K n Thizotropy K n Thizetropy
2 Y Y Y N Y ¥
4 k] N* ¥ ¥ N ¥ ¥
4 - - - Y " Y
5 N ¥ Y N Y X
2 3 Y Y ¥ Y Y X
4 - - ] Y Y
H N N ¥ N N ¥
3 4 2 - ¥ Y ¥
5 N Y Y N Y X
4 5 3 - Y Y N

"Here and further on® ¥ — a siabstically significant difference detected, N - no stalistically
significant difference detected, level of significance o = 0.05

curves of all samples were similar, except for the flow
curve of eucalyptus honey, where the greatest shear
stress change under the influence of shear rate was
observed.

Data presented in Table 4 show that at the temperature
of 40°C, K value in all honey samples decreased by 6 to
T-fold, compared to the K wvalue registered at the
temperature of 30°C (Table 2). An exception was acacia
honey whose K value dropped by 3-fold, The highest K
value at the temperature of 40°C was observed in rape
and eucalyptus honey (Table 4). Those two varieties of
honey were also characterized by the highest thixotropy,
respectively, 18180 and 22707 Pa's. At the temperature
of 40°C, acacia honey showed the least deviation from
the characteristics of MNewtonian fluids, while the
deviation of eucalyptus honey was the greatest. At the
temperature of 50°C, K walues in all samples
approximated 1, while n values varied from 0.7263 (rape
honey) to 0.8814 (acacia honey). The highest thixctropies

at that temperature were also observed in rape honey
(5084 Pals) and eucalyptus honey (4183 Pals),

Acacia honey that had no crysials at room temperature
underwent less pronounced changes of the rheclogical
characteristics with increasing temperature (Table 4). The
obtained findings confirmed literature data indicating that
sudden temperature-related changes in rheological
characteristics occur due to the decomposing/melting of
honey crystals (Smanalieva and Senge, 2008) The
statistical evaluation of the rheclogical characteristics of
honey at the temperatures of 40 and 50°C is provided in
Table 5. Data presented in Table 5 show that at the
temperature of 40°C, the rheological characteristics of all
vaneties of honey differed statistically significantly, and
only buckwheat and acacia honey demonstrated similar
consistency coefficients and thixotropies. Meanwhile, at
the temperature of 50°C, the differences diminished
again. Statistically significant differences in all rheological
charactenstics were observed only between rape honey

132
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and buckwheat, acacia and forest honey. Correlation between rheological and

In addition, the effect of temperature on each variety of
honey was assessed. The statistical evaluation of these
data is presented in Table 6 which shows that rheclogical
characteristics of buckwheat and eucalyptus honey did
not differ statistically significantly at the temperatures of
40 and 50°C, and only the flow behavior index at these
temperatures showed statistically significant differences
between acacia and rape honey, It is noteworthy that the
flow behavior index of acacia honey was nearly
independent of the temperature, and statistically signifi-
cant differences were observed only between the
temperatures of 40 and 50°C. Meanwhile, the flow con-
sistency index of this honey was, conversely, statistically
significantly different at all temperatures, except for 40
and 50°C. The rheological charactenstics of buckwheat
and forest honey demonsirated the highest number of
temperature-related statistically significant differences.
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physicochemical characteristics of honey

Spearman's criterion was used to determine correlations
between rheclogical characteristics of honey at 20°C and
its physicochemical properties. Very strong statistically
significant correlations were found between thixotropy
and the flow consistency index (direct), and between
thixotropy and the flow behavior index (inverse). Strong
stalistically significant correlations were observed
between the rheclogical charactenistics and the moisture
level of honey. Yanniotis et al. (2008} and Lazaridou et al.
{2004) also reported that rheological parameters and
moisture content were highly related. The moisture level
directly correlated with the flow behavior index and
inversely correlated with the flow consistency index and
thixotropy. This is confirmed by literature data indicating
thatthe moisture level affects the rheological characteristics
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Table 4, Rheclogical characteristics according to Ostwald de Waele's mathematical model in dfferent vanieties of honay at the temperatures

of 40 and 50°C
Property/ 40°C 50°C
sample K (Pas)" n Thixotropy (Pals) K (Pa's)" n Thixotropy (Pals)
1 119010  0.868510.01 3915 + 209 047 £0.002 0.8695 + 0.002 626 + 107
2 720£057 069102001 22707 £ 1172 1.16+£0.04 0.7853 £ 0.003 4183 £ 42
3 051£001 09145 0.001 1402 £ 91 052£010 08814004 1583 262
4 132:003 05228 £ 0.001 18180 £ 532 130008 072632001 5084 £ 207
5 354006 07342 £ 0.001 12230 + 50 061001 0.8422 +0.003 1882 £ 100

Table 5. Statistical evaluation of the rheclogical characteristics of honey at the temperatures of 40 and

50°C.
Praperty
Variety Variety 40°C 50°C
K n Thixotropy K n Thixotropy
2 Y Y i Y N Y
q 3 N Y N N N X
4 Y Y Y Y Y ¥
5 i Y N N N Y
3 ¥ b b 3 A N Y
2 L Y A b 4] M Y
5 ¥ b ¥ h N Y
3 4 L i ki b Y b Y
5 X b ¥ M N M
4 5 Y ¥ Y Y Y Y

Table &, Statistical evaluation of the effect of temperature on the rheclogical characteristcs of different vaneties of haney

Ti tu Ti i Property
'mP"l' b "“f,'c']' U Buckwheat Eucalyptus Acacia Rape Forest
K n Tx" K n Tx K n Tx K n Tx K n Tx
30 ¥ N Y ¥ N Y Y M Y - - St P
20 40 Y ¥ Y Y ¥ Y Y N Y = ¥ ¥y
50 Y ¥ Y Y Y v Y N Y E— Y ¥ Y
30 40 j A e N ¥ Y Y N N ¥ ¥ Y ¥ Y
50 Y ¥ ¥ N Y Y ¥ N N ¥ ¥ Y ¥ ¥ ¥
40 S0 M N N M N N N Y N M Y N N Y Y

T = thixetropy.
(Yoo, 2004). No statistically significant correlations Conclusion

between the rheological characteristics and pH or total
acidity were found,
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The water content in the studied honey samples ranged
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between 18 and 20.2%. The highest total acidity was
characteristic of forest and buckwheat honey, and the
lowest of acacia honey. The lowest pH value (3.76) was
found in forest and rape honey, and the highest in
eucalyptus honey. Moisture levels significantly correlated
with the rheclogical charactenstics. All varieties of honey
demaonstrated non-Newtonian characteristics at all the
sfudied temperatures. At the temperature change of 20 to
30°C, statistically significant differences were found
between varieties of honey with respect to thixotropy and
flow behavior indices. This indicates that different
varieties of honey differently return to their initial state
despite similar flow consistency coefficients.

At the temperature of 40°C, no significant differances
were found, except between flow consistency coefficients
and thixotropy of buckwheat and acacia honey.
Meanwhile, at the temperature of 50°C, statistically signi-
ficant differences in rheological characteristics were
found only between rape honey and buckwheat, acacia,
and forest honey. The rheological characteristics of
honey were affected by temperature (especially by
changes from 20 to 40°C), statistically significant
differences were found when evaluating changes in rheo-
logical characteristics at changing temperatures. Acacia
honey was least sensitive to temperature changes.
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Skin dysfunctions are a common problem. To restore and maintain skin functions, we modeled original
semisolid hydrophobic systems from natural crude materials, using the experimental planning
technique. The evaluation of the quality of the modeled systems according to the flow characteristics
showed that the beeswax content in the systems affected their yield stress, consistency coefficient, and
the flow behavior index, while the effect of cholesterol was slight. At temperatures of 40 and 50°C, the
systems have pseudoplastic properties, while at 60°C — Newtonian. The evaluation of the viscoelasticity
of the systems showed that the systems had elastic properties, and the most stable structure at
different temperatures was demonstrated by formula VC&, containing: Beeswax (5.828 g); solid paraffin
{5.0 g); white Vaseline (5.0 g); cocoa butter (10.0 g); cholesterol (3.0 g); and olive oil (T70.0 g).
Introduction of 0.5% liquorice reot powder into the modeled base showed that this substance made the
system thinner. The evaluation of the sensory properties of the bases showed that the characteristics

of the VC& system were most acceptable to the customer.

Key words: Rheological charactenstics, semisolid bases, beeswax

INTRODUCTION

Ointments are homogensous, semisolid preparations
intended for external application to the skin or mucous
membranes. They are used as emollients or for the
application of active ingredients to the skin for protective,
therapautic, or prophylactic purposes and where a
degree of occlusion is desired (Carter, 2008). Qintments
have the following rheological properties — shear stress,
viscosity, and elasticity module (Bourne, 2002; Steffe,
1986). Typical texture characteristics of semisolid
preparations are softness, strength, wiscosity, and
elasticity (Gohel and FParikh, 2008). Experimental
determination  of texture characteristics of the
preparations is most commonly performed using
rheological examination technigques

It is also can be regarded as sensitive tools for
detecting structural changes in pharmaceutical creams

+*Coresponding author. E-mail: kristinaraman@gmail com
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(Korhonen, 2004). To achieve high-quality description of
the texture of products, device readings should be
associated  with consumer's Sensory  experience
(Akiyama et al, 2010) when applying the semisolid
preparation.

Since the modemn dosage forms are systems consisting
of active ingredients and excipients, the selection of the
latter is one of the major tasks in drug modeling.
Excipients used for the modeling of the semisolid system
matrix should ensure the stability, elasticity, and soft
texture of the preparation, as well as its acceptability to
the customer; in addition to that, the excipients should not
alter the effect of the active ingredients and should
ensure their stability in the semisolid matrix (Gohel and
Parikh, 2008, European Pharmacopeta, 2008)

For the testing, we selected natural excipients to model
a stable natural cintment base that would be acceptable
for the customer and would have protective, moisturizing,
and skin-nourishing properties. For these reasons, the
two natural components selected for the modeling of the
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Table 1. Amounts (g) of the variable components of the hydrophobic sintment base according to the full composition plan.

Component
Sample No. = w breswax _Gholosteral __ Solid paraffin White vasaline Gocoa buttar __ Olive oil
Ve 1.000 1.000 5.000 5,000 10.000 70.000
vez2 1.000 5.000 5.000 5,000 10.000 70.000
VC3 5.000 1.000 5.000 5,000 10,000 70.000
vC4 5.000 5.000 5.000 5.000 10.000 70.000
vCs 0172 3.000 5.000 5.000 10.000 70.000
WCE 5828 3.000 5.000 5000 10.000 70.000
ver 3.000 0.172 5.000 5.000 10.000 70.000
vea 3.000 5828 5.000 5,000 10.000 70.000
Ve 3.000 3.000 5.000 5,000 10.000 70.000

base of the preparation were beeswax and olive cil.

Studies (Al-Waili, 2003; Rit et al., 1999) have proven
the anti-inflammatory effect of beeswax, and thus this
substance can be used for the treatment of skin diseases
and lesions of oral mucosa. Olive cil has an antioxidant,
nourishing, protective, antiseplic, and stimulating effect.
In addition to that, olive oil protects sensitive and dry skin,
restores its proleclive layer, suppresses water
evaporation, improves skin structure, and soothes and
nourishes the skin (Visioli et al, 2002; Aburjai and
Matsheh, 2003).

The aim of the study was to madel an original semisolid
hydrophobic base (system) from natural crude materials,
using the expenmental planning technique, and to
evaluate the quality of this system on the basis of its
rheological characteristics and sensory proparties.

MATERIALS AND METHODS
Optimization of the composition of the cintment base

Optimal selection of the amounts of ingredients was performed on
the basis of the orihogonal compesdion plan, using Statistica 8.0
software, The characteristic feature of this plan is that removal of
any coefficient of the equation does not affect the values of other
coefficients. Experiments wera performed at the end-points of the
model (+1; -1), the “asterisk” points, and the middle points (mean
values) (Shiremani, 2004)

We calculated the amounts of beeswax and cholesterol at the
points of the model, and compiled a full orthogenal composition
pian. The amounts of solid paraffin, wassline, cocoa butter, and
ocdve oil remained unaliered. The amounts of the ingredients are
presented in Table 1

The stedied sample VOG+S was the one in which the
composition of the VOB base was supplemented with 0.5% liquonce
root powder. This sample was used 1o determing how introduction
of suspension substances affected the rheclogical characteristics of
the base

Rheological flow behavior test

The test was performed using the Carri-med CSLY 500 rheometer
(TA Ingtruments, Germany), by applying the cone- and- plate
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geomelry system (cone diameter, 60 mm; angle. 2° sample
thickness, 150 pm) at temperatures of 40, 50, and §0°C. The shear
rate was increased for 2 min from 0 1o 500 57

Rhegological oscillation test

iscoelastic properties were tested using the Casri-med CSL* 500
rhecmeter (TA Instruments, Germany), by applying the cone-and-
plate geometry system (cone diameter, 60 mm, angle, 2°, sampie
thickness — 1000 pm), with 0.1% strain, 6 20, and 30°C
temperature, and stress rate varying from 0.1 to 100 rad’ The
results were expressed as elasticity G, viscosity G, and complax
G* modules (Leskauskaite el al, 2008, Livtkevilius and Speidiend,
2006)

Evaluation of the sensory characteristics

A trained group of specialists analyzed pre-selected products
{samples) and chose terms (compiled the vocabulary) to describe
their sensory characterstics.  Subsequently, the scales for the
evaluation of the intensity of these characteristics were selected
and discussed, and the intensity of each characteristc of all
products was then marked on separate scales

Using these data mathematcal statistics fechniques werg
applied 1o compile a profile of sensory characteristics for each
product, indicating the intensity of each characteristic. This profile
could then be used fo compare products according to their separate
propertes and their intensity, to determine the relationship between
ihe sensory quality of products and their individual charactenstics,
etc. A group of 12 evaluators participated in the study (150 8586-
2:2008).

All expenmental measurements were repeated three times, and
the results were presented as arthmetic means of these
measurements.

RESULTS AND DISCUSSION

According to their composition, the samples were
distributed into three groups: Group | - samples
VCAMC2VC3, and VC4, group Il = samples VC5VCB,
VCB+5, and VC8, and group 1ll - samples VC7.VC8, and
VCE. In addition to that, ingredients of the systems (white
vaseline, cocoa butter, and olive oil) were analyzed as
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Figure 1. Flow behavior curves of all the studied samples at the
temperatures of A) 40, B) 50 and C) 60°C

well. In order to evaluate the flowability of the optimized The testing of the flow behavior of the ingredients
compositions and changes in the characteristics of the showed that irrespectively of the temperature, the highest
systems during the technological process, flow behavior shear stress was observed in vaseline, and the lowest in
testing was perormed. which also evaluated the clive oil (Figure 1),

spreadability of the semisolid preparations on the skin. The results of the testing showed that shear stress

138
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Table 2. Rheological characteristics of ointments tested at the temperature of 40°C.

Herschel-Bulkley

Sample No. @y, Pa K, Pa-s" n

ViC1 2.845 0.3518 0.6760
vIC2 2.804 0.8323 0.6841
WIC3 17.62 1267 02333
WIC4 13.68 6.8725 0.3438
VICS 1.964 01781 0. 7868
VCE+S 5401 1.2455 05850
VCE 11.803 5697 0.3825
vCT T.494 3.0745 0.43055
viCe 6,492 1.7885 0.5134
vice B5.765 2.3415 04560

directly depended upon beeswax content in the systems,
the highest shear stress at the temperature of 40°C was
observed in systems VC3, VC4, and VCB& (Figure 1a),
and the lowest in systems VG5, VC1, and VG2 (Figure
1a). At temperatures of 50 and 80°C (Figure 1b and c),
flowability curves of the majority of the tested systems at
low strain coincided, but somewhat differed in higher
strain regions, Vaseline was an exception, demanstrating
the highest shear stress in all temperature regimens.

The analysis of the relationship between shear stress
of the studied systems and their shear rate showed that
at the temperature of 40°C, all systems had
characteristics of pseudoplastic substances, where
increasing shear rate disrupted the structure of the
system, resulting in increasing shear stress. At first shear
stress increased rather significantly, but later on, at
higher shear rates and with a more uniform already
disrupted initial structure and lower resistance to
deformation, the increase in shear stress became more
EevEen.

Experimental testing showed that the flowability of the
modeled systems at the temperature of 40°C
corresponded to the Herschel-Bulkley mathematical
model and could be described with the following
equation:

o=a,+ K"

where o is shear stress (Pa). y is shear (deformation)
rate (s), O, is yield stress indicating the shear stress
required to achieve shear rate, K is consistency
coefficient, which is the indicator of viscosity, and n is
flow behavior index, which is the indicator of deviation
fram the characteristics typical of Newtonian fluids
(Bourne, 2002, Leskauskaité et al, 2008). The flow
behavior index wvalues calculated according to the
The flowabilty of the modeled systems at the
temperature of 50°C comesponded to the Casson
mathematical model and could be described with the
following equation (Steffe, 1996):
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Herschel-Bulkley eguation (Table 2) in group | ranged
from 0.2333 (VC3) to 0.6841 (VCZ), in group Il - from
0.3825 (VCB) to 0.7668 (VC5), and in group Il - from
0.43055 (VCT) to 0.5134 (VCB). The highest consistency
coefficient, which may be the indicater of the viscosity of
the system, in group | was observed in system VC3
(12.67), in group Il — in system VCE (5.697), and in group
Il = in system VC7 (3.0745). The highest o, which
indicates pressure required to initiate flow and thus the
system's initial resistance to deformation in group | was
observed in system VC3 (17.62 Pa), in group Il in system
VCE (11.803 Fa), and in group Ill in system VG7 (7.494
Pa). It is notewarthy that the same samples
demonstrated the highest yield stress and consistency
coefficient.

The comparison of the rheological charactenstics with
the composition of the tested systems showed that the
lowest flow index, the highest consistency coefficient, and
the highest yield stress were characteristic of samples
that contained more beeswax. In group lll, the beeswax
content equaled to 3.0 g, while the cholestercl content
varied, and fthus the effect of cholesterol on the
rheclogical characteristics could be observed.

The test findings presented in Figure 2 and Table 2
indicate that the effect of cholesterol was only slight, yet it
may be presumed that this component had a somewhat
thinning effect on the systems, because higher amounts
of cholesterol (VCB) resulted in lower yield stress and
consistency coefficient, compared to systems with lower
cholesterol content (WVC7).

The relationship between shear stress of the tested
systems and the shear rate curve at the temperature of
50°C is presented in Figure 3, indicates that shear stress
was lower and similar in all samples. Flow behavior
curves in group Il samples were somewhat different
(Figure 3b).

Vo = o, + Ky

Consistency constants and o, calculated according lo the
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Table 3. Rheclogical charactenistics of ointments fested at the temperature of 50°C.

Casson
Sample No. oo Fa M Fan
Vel 0.2081 0.0249
vC2 DA87S 0.0239
VC3 0.4248 0.0223
VC4 0.1608 0.0258
VC5 0.0749 0.0216
VCE+S 0.1742 0.0268
VCE 0.3650 0.0266
VCT 0.0686 0.0269
vCa 0.0498 0.0260
vC9 0.0805 0.0249

Table 4. Rheclogical characteristics of oinimenis tesied al the temperature of 60°C

Newtonian
Sample No. n Pas
VC1 0.0152-
vC2 0.0204
VC3 0.0200
VC4 0.0216
VCS 0.0183
VCE+S 0.0216
VCEB 0.0188
VCT 0.0190
vCa 0.0208
VC9 0.0204

Casson equation (Table 3) indicated that in all groups the
consistency coefficient dropped below one and was
similar in all samples, between 0.0216 (VC5) and 0.0269
(WCT). g, was more varied from 0,0498 (VC8) to 0.4248
(WC3), which indicates that quite different initial stress
was required to initiate flow in the tested systems despite
their similar wiscosity. This shows that even at higher
temperatures the structure stability of the systems
remained different,

The flowability of the modeled sysitems at the
temperature of 60°C corresponded to the Newtonian
mode| described with the following equation (Boumne,
2002; Steffe, 1996):

a=ny,

Where n - dynamic viscosity. The dynamic viscosity was
low and similar in all systems; from 0.0183 to 0.0216
(Table 4). This shows that at the temperature of G0°C, the
studied semisolid systems transformed into Newtonian
fluids.
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Semisolid preparations should be of suitable consistency
(neither too hard ner teo soft, and should not crack when
being spread on the skin) and should retain the stability
of their structure at changing temperatures. Oscillation
testing was performed in order to evaluate the
viscoelastic characteristics of the optimized compositions
and the stability of their structure at temperatures of 6,
20, and 30°C.

The evaluation of the viscoelastic characteristics at
temperatures of 6 20, and 30°C showed a higher
elasticity module G' than the viscosity module G* in the
majority of the samples, which indicates that the elastic
characteristics predominated over the flowability
properties in these systems (Table 5). Data presented in
Table 5 show that in many samples G* quite significantly
differed at different temperatures; from 178.113 to 22 353
Pa (VC4) or from B9.857 o 4.289 Pa (VC9). Tesling
results showed that the most stable structure at varous
temperatures was observed in the system VCB, whose
complex module (G*) varied the least, compared to other
systems (from 28.777 to 32 650 Pa).
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Table 5. Viscoelastic characteristics at 55.18 rad's frequency and 6, 20. and 30°C temperature,

Sample No. G', Pa G", Pa G, Pa

6°C 20°C 30°C 6°C 20°C 30°C &°C 20°C 30°C
VC1 9.891 41248 2752 9.148 38.498 25 18577 56.747 2.849
vC2 - 41181 2.048 4,470 28.152 525 17.824 40.817 2.125
VC3 29.617 47793 21.260 43524 12.643 10677 54,957 50.867 28.890
VG4 28,370 20,055 14,360 12,259 1.47T1 12360 178113 33.320 22,353
VCS 31.497 7.322 538 4,693 2,930 225 44 487 B.ATT 584
VCB+5 18.797 10.554 a1 1.200 4.341 451 37.977 11.743 1.071
VCE 24.640 289.250 27113 B.775 24.760 4.716 31.700 32.650 28.777
VCT 29.883 18.680 46,564 45.500 19.395 4.609 81.447 63.890 06344
VCE 35,520 12.050 4,564 5620 2.541 1.536 38977 62.993 4.822
VICS 21.050 55640 3.650 53.587 2210 41.313 89857 4289

“Note = negative valus.

To evaluate how the rheological characteristics of a
system were affected by the introduction of suspension
substances into the cintment base, we studied a sample
containing 0.5% liquorice root powder (VCE6+S). Upon
introduction of liquorice root powder into this system, the
complex module at different temperatures ranged
between 37.977 and 1.071 Pa, which indicates that this
structure did not remain stable when affected by
temperature and stress (Table 5). The testing has shown
that as the result of the introduction of suspension
substances, the consistency coefficient dropped from
5.697 (VCB) to 1.2455 (WCE+5), and yield stress from
11.803 (WVCB) to 5401 (VCE+S), while the flow behavior
index increased from 0.3825 (VC6) to 0.5850(VCE+5)
(Table 2) at the temperature of 40°C, which shows that
liquarice root powder had a thinning effect on the
aintment.

To improve the sensory characteristics of the ointment
that is. to achieve semisolid consistency, acceptable
spreadability, and elasticity, the following substances
were added to the cintment base: Cocoa butter, vaseline,
and paraffin. All the tested preparations had light yellow
color and acceptable mild scenl. The following sensory
criteria were evaluated: Color, scent, spreadability,
lubricity, and consistency. The results of the evaluation
are presented in Figure 4.

Findings presented in Figure 4 indicate that the system
VC6 demonstrated the most acceptable spreadability,
while the spreadability of the system VC5 was [east
acceptable. The ointment base VCE6 also had the most
acceptable consistency, while the consistency of VCT
was the poorest. Even though the preparations did not
contain any scent-enhancing substances, cintment bases
VCB, VIC 4, and VC5 demonstrated the most intensive
scent.

The evaluation of the color ranged between 6 and 8
points, The color of the base VC6 was considered to be
most acceplable to the customers. The results of the

143

evaluation showed that the content of beeswax and
cholesterol affected the sensory characteristics of the
modeled ciniment bases. These results corroborated
literature data (Aulton, 1998) indicating that excipients
affect the sensory charactenstics of the preparations.

The evaluation of the lubnicity and the moisturizing
ability of the preparations showed that the base VCE was
most acceptable, while the base VC3 was the least
acceptable.

The results of the evaluation of the sensory
characteristics showed that the base VCE& was most
suitable for further testing.

Conclusions

The study showed that beeswax had the greatest effect
on the decrease in the flow behavior index and the
increase in the consistency coefficient and the yield
stress parameters of semisolid system bases. Evaluation
of the rheological characteristics of the semisolid systems
showed that temperature may affect the characteristics of
the modeled system.

At the temperature of 40 to 50°C, the systems started
demonstrating characteristics of pseudoplastic
substances and at the temperature of B0°C, the
characteristics of Newtonian substances. Using the
experimental planning technique and results of the
evaluation of sensory and rheological characteristics of
the samples, we designed an original semisolid
hydrophobic cintment base from the following natural
crude materials: Beeswax, 5.828 g; solid paraffin, 5.0 g;
white vaseline, 5.0 g, cocoa butter, 10.0 g, cholesterol,
3.0 g; olive oil, T0.0 g.

It has been found that the introduction of liquorice root
powder into the selected optimal-composition base
entailed changes in the structure of the semisolid system,
resulting in its instability when affected by temperature
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SUMMARY
INTRODUCTION

Semisolid dosage forms are important for target based delivery of active
substances. Semisolid preparations are used for surface or topical appli-
cations, with a purpose to avoid systemic exposure and side effects. Se-
misolid preparations are used for maintenance of skin functions, prevention
and correction of different skin conditions.

Xerosis is widespread problem worldwide, which may be caused by
several factors: age (more often determined in young [55] and old subjects
[153]), often surfactant usage, use of medicines (e.g. gabapentine) or
comorbidity (diabetes mellitus, atopic dermatitis). Skin dryness also may be
caused by cold and wind in winter. The main two methods to treat xerosis
are emollient therapy, which restore lipid barrier that does not let to
evaporate water from the skin and/or humectant therapy, which saturates
skin with the water (e.g. hydrogels or other substances, which accumulate
high amounts of water). Lesions and increased risk of infection may be
associated with untreated dry skin, which can‘t execute its functions
properly due to loss of elasticity and integrity. The main advantage of
natural emollients is their lipids structure similar to the skin lipids.
Emollient therapy is very effective and helpful against xerosis.

It is known that honey do not let evaporate water from skin thus it
maintains moisture. Also honey has bacteriocidal properties, therefore it is
suitable component for treatment of small wound, bruise [26]. Big
pharmaceutical companies invest huge resources in research of known
herbal substances on new applications [214]. The interest for traditional
herbal research is huge due to known safety profile and variety of potential
positive actions. However, the main issues raise in regulatory field related
with exact composition of preparations [36,150]. Therefore it is relevant to
model semisolid preparations with known herbal substances (extracts of
hawthorn and lemon balm).

There are a lot of body care products in the market. However, there is a
lack of non-commercial information on them. Therefore, it is important to
conduct comprehensive research of modelled forms, which would ensure
acceptable product properties for customer. Body care products may be
classified based on whether natural or synthetic substances were used.
Commercial organisations certificating products (NATRUE, BDIH, etc.) do
not have consensus on what “natural” means. So this term may be
speculated in products with only small part of natural composition [50]. It is
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known that chemical structure of natural components such as fat acid or
cholesterol is similar to the structure of skin components [41]. It is
important to model, evaluate and use natural body care products, which are
friendly for skin and environment. Natural components used in this research
work were water, herbal extracts, vegetable oils, bee products, animal nature
substances and polymer from algae.

Quality evaluation of semisolid preparations is a relevant step to get
purposeful application, effect and the lowest side-effect risk. Rheology is a
method capable to evaluate strength of internal relationships and stability of
structure without any external signs of instability. Evaluation of
biopharmaceutical characteristics gives information about bioavailability
during the time of use.

The aim of this work was to model stable, evidenced by research se-
misolid formulations with natural components and to evaluate its rheo-
logical and biopharmaceutical properties.

The objectives of work were:

1. To model semisolid bases using natural substances and evaluate its

rheological characteristics and stability.

2. To evaluate possibilities to use honey in modelling of semisolid for-
mulations.

3. To evaluate antiradical and antimicrobial activity and penetration into
human skin possibilities of components of hawthorn (chlorogenic
acid, vitexin-2”-O-rhamnoside, hyperoside, isoquercitrin) and lemon
balm (rosmarinic acid) extracts with in vitro and ex vivo methods.

4. To investigate selected herbal extracts influence to the rheological
properties of semisolid formulations.

5. To determine release and penetration kinetics of the main phenolic
components of selected herbal extracts from the semisolid
formulations with the biopharmaceutical methods in vitro.

Scientific novelty. Stable semisolid formulations were modelled com-
bining beeswax, honey, cacao butter, cholesterol, olive oil, water, soft and
hard paraffin. The method of rheology was selected and applied for stability
evaluation of semisolid formulations. The role of beeswax, honey, water and
herbal extracts for structure and rheological properties of entire formulation
were determined.

The results of HPLC, physicochemical and rheological investigation
showed that honey reasonably could be used in modelling of semisolid
formulations. Using biopharmaceutical investigation, the influence of
beeswax and shea butter for hawthorn phenolic substances release from
modelled formulations was determined. The penetration of chlorogenic acid,
vitexin-2“-O-rhamnoside, hyperoside, isoquercitrin and rosmarinic acid in

146



the undamaged human skin were evaluated for the first time. HPLC
methods were developed, optimized and validated for qualitative and
quantitative analysis of hawthorn (chlorogenic acid, vitexin-2*“-O-rham-
noside, hyperoside, isoquercitrin) and lemon balm (rosmarinic acid) phe-
nolic substances in human skin.

Practical and theoretical significance. Two stable ointments and one
cream w-0 were modelled combining beeswax, honey, cacao butter, cho-
lesterol, olive oil, water, soft and hard paraffin. These formulations could be
introduced into the market and used as emollients. It was proven by research
that honey reasonably could be used as the structure component in semisolid
formulations. The important role of beeswax as internal structure forming
component and component mainly responsible for hawthorn phenolic
substances release was proven by rheological and biopharmaceutical re-
search. The relationship between rheological characteristics of formulations
and the released amount of phenolic substances was evaluated according to
the results of research. HPLC methods were developed, optimized and
validated for qualitative and quantitative analysis of hawthorn (chlorogenic
acid, vitexin-2“-O-rhamnoside, hyperoside, isoquercitrin) and lemon balm
(rosmarinic acid) phenolic substances in human skin. The knowledge about
penetration in human skin of chlorogenic acid, vitexin-2”-O-ramnoside,
hyperoside, isoquercitrin and rosmarinic acid was gained and later
associated to lipophilicity of molecule. It was determined that chlorogenic
acid, vitexin-2”-O-ramnoside, hyperoside, isoquercitrin being relatively
more hydrophilic compounds did not penetrate into human skin, whereas
rosmarinic acid, being as relatively more hydrophobic compound, was
found in epidermis and derma of human skin. The quality of the semisolid
formulation was assessed with pH, rheological properties and release tests.
HPLC methods were used for evaluation of hawthorn and lemon balm
extracts phenolic components after biopharmaceutical tests. These results
are important for the purposeful use and the evaluation of quality
biopharmaceutical properties of semi solid formulations.

MATERIALS AND METHODS

Experimental formulations: The compositions of experimental for-
mulations (ointments, creams and hydrogels) are presented in Table 1.
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Table 1. Compositions of modeled formulation basis

Components (%) Ointment I |Ointment II| Ointment | Cream w-0 | Hydrogel
™) ™) I (T) ) A

Beeswax 0.5-15.0 5.0-15.0 0-1.0 5.0 -
Solid paraffin 5.0 - - - -
Soft paraffin 5.0 - - - -
Honey - 1.0-10.0 10.0 10.0 10.0
Cacao butter 10.0 10.0 10.0 10.0 -
Shea butter - - 14.0-15.0 - -
Cholesterol 1.0-5.0 3.0 3.0 3.0 -
Olive oil up t0 100.0 | up to 100.0 | up to 100.0 | up to 100.0 -
Sodium alginate - - - - 2.0-4.0
10% CacCl, - - - - 2.0-4.0
Distilated water /
Aqueous solution - - - 20-40 up to 100.0
of dry extract

Analysis of phenolic compounds in herbal extracts: Total phenolic
content in extracts were evaluated with Folin-Ciocalteu reaction [211].
Qualitative and quantitative analysis of components of hawthorn and lemon
balm extracts were conducted with validated HPLC methods, which were
used in the qualitative and quantitative evaluation of phenolic substances in
the biopharmaceutical studies in vitro and ex vivo [184, 185].

In vitro release studies of phenolic compounds from semisolid for-
mulations: In vitro release experiments (n=3) were conducted using mo-
dified Franz-type diffusion cells. The semisolid sample (1.00+£0.02 g) was
placed into the cell with a dialysis membrane Cuprophan® (Medicell Inter-
national Ltd., UK). The area of the diffusion was 1.77 cm®. Thermostated
(37<0.2°C) purified water acted as the acceptor medium, which was stirred
using a magnetic stirrer. Samples from the acceptor solution were taken at 1,
2, 4, and 6 h and were immediately replaced with the same volume of fresh
acceptor solution. Samples were analysed with HPLC [184,185].

Penetration experiment through the full-thickness undamaged human
skin: Abdominal skin of Caucasian women (age range: 25-40 years) was
obtained from the Department of Plastic and Reconstructive Surgery (the
Hospital of the Lithuanian University of Health Sciences, Lithuania) after
cosmetic surgery. It was stored at —20°C for not longer than 6 months before
use. Kaunas Regional Biomedical Research Ethics Committee has approved
the use of human skin for transdermal penetration studies. A Bronaugh-type
flow-through diffusion cell with full-thickness human skin was used for ex
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vivo skin penetration experiments (n=3). The experiment was conducted
according to the methods proposed by Kezutyte et al. and Zilius et al. [94,
212].

Evaluation of rheological characteristics of semisolid formulations:
The test (n=5) was performed using the Carrimed CSL? 500 rheometer (TA
Instruments, USA), by applying the cone-and-plate geometry system (cone
diameter — 60 mm, angle — 2°, sample thickness — 150 pm). The shear rate
was increased for 2 min from 0 to 500 s™. Rheological characteristics were
calculated according to the Ostwald de Waelei mathematical model.

Assessment of stability of semisolid formulations: Stability of semisolid
formulations were assessed during 6 months storage in climatic shelf
Climacell MMM-Group (Medcenter Einrichtungen GmBH, Brno, Czech
Republic) with controlled conditions (30+2 °C temperature and 65+5 proc.
of moisture). Stability was assessed according to the rheological, release and
pH test at 0, 1, 4, 6 months.

In vitro assessment of biological activity. Antiradical scavenging acti-
vity: A 0.1 mmol/L DPPH solution was prepared in 96 % ethanol. The
reaction (n=3) was initiated in a cuvette to which 2.9 mL of DPPH solution
and 0.1 mL of the analysed solution were added. The absorbance of the
reaction mixture was measured at the wavelength of 518 nm 30 min after
the start of the reaction. The results were expressed in percentage of bound
DPPH.

Antimicrobial activity: The antimicrobial activity of extracts and semi-
solid formulations was assessed using solid growth Mueller-Hinton
(Mueller-Hinton Agar 11, BBL, Cockeysville, JAV) media and the well
technique. Activity against standard cultures of Pseudomonas aeruginosa
ATCC 27853, Proteus mirabilis ATCC 12459, Staphylococcus aureus
ATCC 25923, Staphylococcus epidermidis ATCC 12228, Escherichia coli
ATCC 25922, Bacillus cereus ATCC 8035 and Candida albicans ATCC
60193 were evaluated. After the agar solidified, wells (7 mm diameter)
were formed in the medium and were filled with the studied preparation.
The cultures were incubated for 24 h (bacteria) or 48 h (fungi) in a ther-
mostat at 37 °C, and then the microorganism growth was evaluated mea-
suring transparent zones.

Evaluation of honey quality: Various types of honey were evaluated
according to the regulation [44, 213] and additional tests: microstructure
with immersed microscope Motic® (Motic China Group Co., Ltd., China),
free phenolic acid evaluation with HPLC [79] and rheological evaluation
with rheometer Carri-med CSL? 500 [186].

Statistical methods: The results of the researches were statistically eva-
luated using SPSS 22.0 and Microsoft Office Excel 2010 softwares. One
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Way ANOVA method with Tukey HSD (Honestly Significant Difference)
criteria or Repeated Measures ANOVA were used for statistical compa-
risons. Also, means, standard deviations, standard errors, correlation coef-
ficient of Spearman were calculated. Significance level of a=0.05 was set
for all statistical tests.

RESULTS
Modelling stable semisolid bases from natural components

Natural components were selected for bases formulation. Beeswax was
selected as thickening component. Olive oil was as liquid component form-
ing the main structure of formulation. Butters were introduced as com-
ponents, which ensure softness, spreadability of formulation. Cholesterol
was used as stabilizing agent. Rheological test revealed that beeswax and
water amount had the highest impacts to the rheological characteristics of
formulations. Consistency coefficients increased and flow behaviour indices
decreased with increasing amount of beeswax (Fig. 3.1.1.1 and Fig. 3.1.2.1).
The same effect was gain when amount of water was increased in cream
w-0 (Fig. 3.1.3.1). It could be explained by absorptive characteristics of
cholesterol [168]. The rheological characteristics measurements of semisolid
formulations revealed that all evaluated honey types (buckwheat, rape,
forest, eucalyptus and acacia) could be used in modelling of semisolid
formulations (Table 3.1.2.2), despite the huge differences in their own
rheological characteristics. Forest honey contained huge crystals, high
consistency coefficients and low flow behaviour index, while acacia honey
had no crystals, low consistency coefficients and high flow behaviour index
(Table 3.2.1.1). Rheological characteristics measurements revealed that
during 6 months stability test the following formulations were stable and
selected for further experiments:

N6 M6 K4

Beeswax 6.0 Beeswax 15.0 Beeswax 5.0

Solid paraffin 5.0 Forest honey 10.0 Forest honey 10.0
Soft paraffin 5.0 Cacao butter 10.0 Cacao butter 10.0
Cacao butter 10.0 Cholesterol 3.0 Cholesterol 3.0
Cholesterol 3.0 Olive oil up to 100.0 Distillated water 35.0
Olive oil up to 100.0 Olive oil up to 100.0

Sodium alginate was chosen as polymeric compound for hydrogel
formation. Calcium chloride acted as cross-linker between sodium alginate
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molecules. Three different concentrations (2, 3, and 4%) of sodium alginate
hydrogels were modelled.

Evaluation of honey rheological, physicochemical properties and
phenolic acids composition

Eucalyptus, rape, buckwheat, acacia, raspberry, forest honey types were
chosen for investigation. The HPLC results showed that acacia (7.16 pg/ml)
and raspberry (9.38 pg/ml) honeys had the lowest amounts, the buckwheat
(107.15 pg/ml) and forest (125.63 pg/ml) honeys had the highest amounts of
free phenolic acids. For more information see manuscript “The quantitative
analysis of biologically active compounds in Lithuanian honey”.

The results of physicochemical properties showed that rape honey had
too high amount of moisture (20.2%) and unpleasant scent (sour). The
highest acidity was in buckwheat (24.17+0.60 meqg/kg) and forest (24.50+
0.58 meq/kg) honeys and the lowest pH had forest (3.74+0.01) honey. The
results of microstructure assessment showed that acacia honey did not have
any crystals and the forest honey had the highest accumulation of sugar
crystals. On the other hand, rape and eucalyptus honeys had experienced the
highest changes on rheological characteristics during different temperature
regimens. To sum up the results from three studies, for further research
buckwheat and forest honey types were chosen, while acacia honey was
chosen as the only honey type without crystals. For more information see
manuscript “Examination of rheological and physicochemical characteristics
in Lithuanian honey”.

Different honey types were added to the semisolid formulations. The
results of the research showed that buckwheat honey had the weakest effect
[187] on semisolid structure, while other types of honey had similar effects.
The rheological characteristics assessment showed that there were no
difference between acacia and forest honey abilities to make effect on
semisolid structure. Therefore, the forest honey, which had higher amounts
of the free phenolic acids, was chosen for further investigations.

Evaluation of composition, antiradical and antimicrobial activity in
vitro and penetration in human skin ex vivo of hawthorn extracts

Extracts composition assessment. Hawthorn and lemon balm extracts
were chosen as source of phenolic substance. The literature review revealed
that hawthorn flower with leaves extract contains four main substances,
which have different physicochemical properties. Chlorogenic acid
(MW=354 Da) and vitexin-2"-O-rhamnoside (MW=579 Da) are relatively
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hydrophilic compounds with calculated logP —0.4 and —0.9, respectively.
Hyperoside and isoquercitrin are slightly hydrophobic sterecisomers with
MW=464 Da and 0.4 logP value.

Amounts of phenolic compounds in dry and retrieved from herbal
hawthorn flower with leaves extracts determined by HPLC were: chlo-
rogenic acid 7.91+0.52 mg/g and 2.586 mg/g, vitexin-2"-O-rhamnoside
23.00£1.38 mg/g and 2.324 mg/g, hyperoside 3.65+0.43 mg/g and 0.680
mg/g and isoquercitrin 1.95+0.89 mg/g and 0.327 mg/g, respectively.

Antimicrobial activity in vitro. The results of the antimicrobial activity
(Fig. 3.2.2.1) in vitro showed that hawthorn extracts had activity against S.
epidermidis, B. cereus, E. coli and S. aureus species, while extract retrieved
from hawthorn herbal showed weak additional effect against P. aeruginosa.
Both extracts had no activity against P. mirabilis, and C. albicans micro-
organisms. Dry extract showed the highest, however not significantly,
activity against B. cereus, while herbal extract showed statistically signi-
ficantly highest activity against E.coli.

Antiradical scavenging activity. The results of antiradical scavenging
activity (Fig. 3.2.2.2) against DPPH free radical showed that IC50 were 115
pg/ml and 147 pg/ml for dry and herbal hawthorn extracts, respectively. The
assessment of trolox performed according to the same method showed that
IC50 was 162 pg/ml. The results showed that both hawthorn extracts had
higher activity against DPPH free radical than standard antioxidant trolox.

Penetration in human skin ex vivo. The results of hawthorn extract
components penetration in human skin ex vivo showed that substances did
not penetrate during 24-hour period. It was decided to add classical
penetration enhancers (oleic acid, d-limonene, propylene glycol, methanol).
However, they did not enhance the penetration. The next step was to remove
stratum corneum by tape stripping technique. After 24 hours experiment,
unquantifiable traces of hyperoside and isoquercitrin were found in
epidermis. In conclusion, the penetration of hawthorn phenolic compounds
was stopped not only by stratum corneum but also by live epidermis. It was
concluded that penetration was influenced by physicochemical
characteristics of hawthorn phenolic compounds.

Evaluation of composition, antiradical and antimicrobial activity in
vitro and penetration in human skin ex vivo of lemon balm extract

Phenolic composition of lemon balm dry extract. Rosmarinic acid is the
main phenolic compound in lemon balm extract. It is hydrophobic com-
pound with MW=360 Da and logP value of 2.4. Rosmarinic acid content
was 802 mg/g in dry lemon balm extract.
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Antimicrobial activity in vitro. The results of the antimicrobial activity
(Fig. 3.2.3.1) in vitro showed that lemon balm extract had activity against S.
epidermidis, B. cereus, E. coli and S. aureus bacteria species, while P.
mirabilis, P. aeruginosa and C. albicans were not susceptible. The statis-
tical analysis revealed that activity was similar against all susceptible
bacteria.

Antiradical scavenging activity. The results of antiradical scavenging
activity (Fig. 3.2.3.2) against DPPH free radical showed that IC50 was 113
pg/ml, while IC50 for trolox was 162 pg/ml. The results showed that lemon
balm extract had higher activity against DPPH free radical than standard
antioxidant trolox.

Penetration in human skin ex vivo. The results showed that rosmarinic
acid penetrates in human skin in ex vivo experiments. After 24 hours
0.42+0.05%. (or 5.96+0.74 pg/cm?) of rosmarinic acid was found in epi-
dermis and unquantifiable traces were detected in derma.

Modelling and stability evaluation of semisolid formulations
with hawthorn extracts

Rheological evaluation of formulations with dry hawthorn extract (C
set). 1, 2 or 3% of extract was added to the stable semisolid bases.
Assessment of rheological characteristics showed that addition of dry
hawthorn extract made influence on the rheological characteristics of
formulations. The consistency coefficient decreased and the flow behaviour
index increased in the majority of cases with higher extract concentrations
(Fig. 3.3.1.1).

Biopharmaceutical evaluation of formulations with dry hawthorn extract.
After 6-hour release experiments with C set samples were conducted, it was
determined that phenolic substances of hawthorn had not been released from
the formulations.

To answer the question what stopped the release of hawthorn compounds
from formulations an additional set of samples (P set) was produced (The
compositions of P set is presented in Table 3.3.2.1.1). The impact of
different formulation components on phenolic substance release was
checked. The conclusion was made that the highest influence had beeswax.

Therefore, the set of samples (AV) was made in order to evaluate the
amount of beeswax which influences the release of hawthorn compounds.
AV samples contained only three components: 2% of dry hawthorn extract,
different amounts of beeswax (0-5%) and oil up to 100%. The results of
release test showed that phenolic compounds of hawthorn were not released
from formulations which contained 1.5%-5% of beeswax. The release was
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similar between formulations without beeswax and 0.5% of beeswax and
statistically significant reduced from formulation with 1% of beeswax. For
more information see manuscript “Application of dry hawthorn (Crataegus
oxyacantha L.) extract in natural topical formulations”.

The huge impact of beeswax on hawthorn phenolic compounds release
profiles led to the decision that beeswax should be changed to other natural
component. Shea butter was chosen and the results of release experiments
showed that shea butter did not limit the release of hawthorn compounds.

Stability of formulations with shea butter (T set). Rheological charac-
teristics of formulations with shea butter (T set) statistically significantly
changed during 6 months stability testing period. Consistency coefficient
statistically significantly increased and the flow behaviour index decreased
for all formulations (Fig. 3.3.3.1). The increment of consistency coefficient
during the storage period could be related to the loss of components [65],
however our formulations did not have volatile components, so this reason
is little probable. Another reason for such changes could be internal changes
of links between components [154], which led to the stronger internal
structure with the need of stronger forces to break it.

The results of the release test (Fig. 3.3.3.2) showed that the highest
amounts (41.4-42.4%) of hawthorn phenolic compounds were released
from formulations without beeswax and the lowest (5.37-6.63%) from
formulations with 1% of beeswax. The statistical analysis showed that the
amounts released from formulations without beeswax and with 0.5% of
beeswax did not differ, while amounts released from formulation with 1%
of beeswax were statistically lower. Mathematical analysis revealed that R
squares were 0.864, 0.981, 0.892. Pearson correlation coefficient (-0.972)
was statistically significant and showed strong correlation between released
amounts and rheological characteristics for formulation without beeswax.
The results of correlation analysis showed that released amounts were
inversely and directly related to consistency coefficient and flow behaviour
index, respectively.

The value of pH varied between 4.44+0.06 and 4.84+0.01 during the
stability period. However, these values were in the acceptable range of
products pH for use on skin [6, 110].

Modelling and stability evaluation of semisolid formulations
with lemon balm extracts

Rheological evaluation of formulations with lemon balm extract (R set).

The rheological and biopharmaceutical characteristics were assessed for
semisolid formulations (R set) with 4% dry lemon balm extract. Rheological
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characteristics showed that addition of dry lemon balm extract decreased
consistency coefficients and increased flow behaviour index for formu-
lations (Fig. 3.3.4.1). The stability test showed that cream formulation (R3)
with dry extract was not stable. The statistically significant differences were
not determined in cream w-o formulation with dissolved extract (R4) during
all stability test period.

Biopharmaceutical evaluation of formulations with lemon balm extract.
The highest amounts (39.60% at 0 month and 6.11% at 1 month) of
rosmarinic acid were released from the R3 formulation during 6 hour test
(Fig. 3.3.4.2). 1t is noteworthy that this one formulation had the lowest
consistency coefficient and the highest flow behaviour index. Cream w-0
with dissolved extract (R4) released less than 1% of rosmarinic acid. The
release from ointments (R1 and R2) was from 0.59 to 1.86%. The mathe-
matical analysis revealed that R square was 0.973, 0.998, 0.967 and 0.928
for R1 — R4 formulations, respectively. The stability test showed that R1
and R2 formulations release of rosmarinic acid during all stability test
period was stable. The stability according to the pH test showed that there
were no significant changes during the stability test period.

Modelling, rheological and biopharmaceutical evaluation
of hydrogels with hawthorn and lemon balm extracts

Three concentrations (2, 3, 4%) of alginate hydrogels were produced
with three extracts — dissolved dry hawthorn, herbal hawthorn and dissolved
dry lemon balm extracts. The determination of rheological characteristics
revealed that consistency coefficient varied from 2 to 17 (Pa s)" and the flow
behaviour index varied between 0.5-0.6 (Fig. 3.3.5.1). The statistical
analysis results showed that concentration of sodium alginate played
significant role on rheological characteristics of formulations, while the
nature of extract was not a significant.

Biopharmaceutical evaluation of sodium alginate formulations. In vitro
release test results (Fig. 3.3.5.2) showed that formulations with herbal
hawthorn extract released 44.37+1.22-56.47+3.58% of phenolic compounds
and the formulations with dissolved hawthorn extract released 42.03+1.42—
50.10+1.42% of phenolic compounds. In vitro release test results showed
that formulations with dissolved dry lemon balm extract released
48.39+2.86-61.41+3.88 proc. of rosmarinic acid (Fig. 3.3.5.3).

Mathematical analysis showed that R square varied between 0.958 and
0.999 for different hydrogel formulations. The statistical analysis revealed
that there were no statistical differences between releases from hydrogels
with different concentrations of sodium alginate or different hawthorn
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extracts. The statistical comparison between lemon balm hydrogels showed
that formulation with 2% of sodium alginate released higher amount of
rosmarinic acid as compared with 3% of sodium alginate formulation.
However, no other statistical significant differences were found.

The values of hydrogels pH varied between 5.02+0.01-5.34+0.00 and it
was in the acceptable range for skin.

Antimicrobial activity evaluation of semisolid formulations
with extracts

E.coli, B.cereus, S. epidermidis and S. aureus were chosen for evaluation
of semisolid formulations activity against microorganisms. The research
was done on the formulations which released the highest amounts of
phenolic compounds. The results (Fig. 3.4.1) of the experiment showed that
lemon balm hydrogel had activity against B.cereus and E. coli, while
hawthorn hydrogel had activity only against B.cereus. Cream w-o0 with dry
lemon balm extract had activity against all tested microorganisms, while
other tested formulations didn’t show antimicrobial activity. It is worth to
mention, that activity showed by hydrogels were higher than the initial
extract activity.

Penetration of phenolic compounds from semisolid formulations
to the undamaged human skin ex vivo

Penetration experiments were conducted only with semisolid formu-
lations which released phenolic compounds. The test results of three
hawthorn formulations showed that phenolic compounds of hawthorn did
not penetrate to human skin. The nature of formulations did not affect
penetration of hawthorn compounds, therefore formulations based on
nanotechnologies may be necessary for hydrophilic compounds to penetrate
to the deeper layers of human skin [1].

The results of the penetration experiment showed that rosmarinic acid
penetrated to human skin. The penetration rate depended on semisolid
formulation. After 24-hour experiment with applied hydrogel 0.34% and
0.16% of rosmarinic acid were found in epidermis and dermis, respectively.
Higher rate (1.08%) of penetrated rosmarinic acid was found from cream
formulation, while penetrations were lower from other semisolid
formulations. For more information read manuscript “Release of rosmarinic
acid from semisolid formulations and its penetration through human skin ex
VIivo”.
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CONCLUSIONS

. The semisolid bases were modelled using beeswax, olive oil, cacao
butter, cholesterol, forest honey, soft and hard paraffin and distillated
water. Research of rheological characteristics revealed that the highest
influence for the firming internal structure of ointments had amount of
beeswax and for the cream w-o0 — amount of distillated water. Stable
semisolid bases were selected for addition of active substances.

. Experimental research showed that honey is a suitable component for
modelling of semisolid formulations. It was determined that bases with
honey were homogenic and stable during 6 months stability research.
Forest honey was chosen for further experiments after evaluation of
rheological, physicochemical properties and amounts of free phenolic
acids.

. Ex vivo experiments showed that relatively hydrophilic hawthorn com-
pounds (chlorogenic acid, vitexin-2"-O-rhamnoside, hyperoside and
isoquercitrin) did not penetrate to human skin when relatively
hydrophobic rosmarinic acid was found in epidermis and derma.

. Evaluation of antiradical activity in vitro showed that hawthorn flowers
with leaves and lemon balm leaves extracts had higher radical sca-
venging activity against DPPH than trolox. The antimicrobial activity
against S. epidermidis, B. cereus, E. coli and S. aureus was determined
for both herbal extracts.

. The rheological investigation showed that internal structures of formu-
lations were weakened by the addition of dry extracts to the hydrophobic
or cream bases. The consistency coefficients decreased and the flow
behaviour indices increased. Hydrophylic formulations, produced with
hawthorn or lemon balm extracts, had rheological characteristics which
did not differ statistically significantly.

. It was determined that beeswax was the main limiting agent for phenolic
compound release. The experiments showed that ointments released up to
2% of rosmarinic acid. Release of phenolic compounds decreased by
79% when beeswax content was increased from 0.5 to 1%. It was de-
termined that release of phenolic compounds increased up to 42% when
beeswax was changed to the shea butter. Hydrophilic formulations had
effective (approximately 50%) release rates.

. The results of the ex vivo experiments showed that phenolic compounds
of hawthorn released from semisolid formulations were founded only on
the surface of the skin, thus formulations of hawthorn may be used in
semisolid preparations which act on skin surface. The research showed
that semisolid formulations with lemon balm extract may have potential
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topical effect since the highest content of rosmarinic acid was determined
in epidermis and low amounts of rosmarinic acid determined in derma.

. Experimental investigations showed that ointments with herbal extracts
did not have antimicrobial activity. Hydrogel with hawthorn extract had
antimicrobial activity against B. cereus. Cream (w-0) with lemon balm
extract had activity against B. cereus, E. coli, S. epidermidis and S.
aureus, while hydrogel with lemon balm extract had activity only against
B. cereus and E. coli.
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PRIEDAI

Sumodeliuoty formuluo¢iy sudétys

1 lentelé. N serijos sudétys

Formuluoté Bivéil; Kieta_lsis Vazelinas Ka!<a}vos Chole':s— Aly\.fu.ogil;
va§kas  parafinas aliejus terolis aliejus
N1 0,5 5,0 5,0 10,0 3,0 iki 100,0
N2 1,0 50 50 10,0 3,0 iki 100,0
N3 2,0 50 50 10,0 3,0 iki 100,0
N4 3,0 50 50 10,0 3,0 iki 100,0
NS 4,0 50 50 10,0 3,0 iki 100,0
N6 6,0 5,0 5,0 10,0 3,0 iki 100,0
N7 8,0 5,0 5,0 10,0 3,0 iki 100,0
N8 10,0 5,0 5,0 10,0 3,0 iki 100,0
N9 12,0 5,0 5,0 10,0 3,0 iki 100,0
N10 14,0 50 50 10,0 3,0 iki 100,0
Nop 5,8 5,0 5,0 10,0 3,0 70,0
2 lentelé. M serijos sudétys
Formuluoté Bivéiq Medus Ka!< Efwos Chole_s- Aly\.'u.ogiq
vaskas aliejus terolis aliejus
M1 5,0 10,0 10,0 3,0 iki 100,0
M2 7,0 10,0 10,0 3,0 iki 100,0
M3 9,0 10,0 10,0 3,0 iki 100,0
M4 11,0 10,0 10,0 3,0 iki 100,0
M5 13,0 10,0 10,0 3,0 iki 100,0
M6 15,0 10,0 10,0 3,0 iki 100,0
3 lentelé. K serijos sudétys
. Bici Kakavos Choles- Alyvuogi ISgrynintas
Formuluoté vaﬁkgs Medus aliejus  terolis glieju% ! \g/a}r]lduo
K1 5,0 10,0 10,0 3,0 iki 100,0 20,0
K2 5,0 10,0 10,0 3,0 iki 100,0 25,0
K3 50 10,0 10,0 3,0 iki 100,0 30,0
K4 5,0 10,0 10,0 3,0 iki 100,0 35,0
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4 lentelé. C serijos formuluoCiy sudétys

2 3 "
© = 0 @ ' = g = &
E|l 2 8% T £ £82 2. 22 B 825
= 58 2= S ®TE =5 =z 2 e S =S 2
= = ¥ o = ¥%=& 028 <= = > » T
N6 | 60 50 50 \ 10,0 3,0 ki 100,0 \ \
Cl1 |60 50 50 \ 10,0 3,0 ki 100,0 \ 0,5
c2 60 50 50 \ 10,0 3,0 ki 100,0 \ 1,0
C3 | 60 50 50 \ 10,0 3,0 ki 100,0 \ 2,0
M6 | 15,0 \ \ 10,0 10,0 3,0 iki100,0 \ \
C4 | 150 \ \ 10,0 10,0 3,0 iki100,0 \ 0,5
C5 | 15,0 \ \ 10,0 10,0 3,0 iki100,0 \ 1,0
C6 | 15,0 \ \ 10,0 10,0 3,0 iki100,0 \ 2,0
K4 | 5,0 \ \ 10,0 10,0 3,0 iki100,0 35,0 \
C7 50 \ \ 10,0 10,0 3,0 iki100,0 35,0 0,5
C8 | 50 \ \ 10,0 10,0 3,0 iki100,0 35,0 1,0
C9 | 50 \ \ 10,0 10,0 3,0 iki100,0 35,0 2,0
5 lentelé. T serijos formuluociy sudétys
2 g = 2
3 )é g 3 5 :T:;) » gg
= > E @ S . @ S o, B @ X
E s B2 £ g2 = s 2 55
s 2 s 2 2 S 2 = Z 2 S
= =) h'= = Y '® @) <= » B
T1 0,0 15,0 10,0 10,0 3,0 iki 100,0 \
T2 0,5 14,5 10,0 10,0 3,0 iki 100,0 \
T3 1,0 14,0 10,0 10,0 3,0 iki 100,0 \
T4 0,0 15,0 10,0 10,0 3,0 iki 100,0 2,0
T5 0,5 14,5 10,0 10,0 3,0 iki 100,0 2,0
T6 1,0 14,0 10,0 10,0 3,0 iki 100,0 2,0
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6 lentelé. R serijos formuluociy sudétys

3 Z
@ oy @ =
] 51 = = » =
sl E 4 . = S = g 23 E 2
£ = 8% 3 &£ & =2 -1 =5 5 s g€ £
5|18 &85 § =2 w®© =2 =2 HESe 223
= g ¥Xao > = X @) <= Z s> N>
R1 | 60 50 50 \ 10,0 3,0 iki 100,0 \ 4,0
R2 | 150 \ \ 10,0 10,0 3,0 iki 100,0 \ 4,0
R3 | 50 \ \ 10,0 10,0 3,0 iki 100,0 35,0 4,0
R4 | 50 \ \ 10,0 10,0 3,0 iki 100,0 35,0 \
7 lentelé. A serijos formuluociy sudétys
~ = 5"'2 S A %
S 2 eq £% FEIE

g 3 238 2§ 2 EfsE

E 4 g I - 2 3c™ S

= o= S z BSg s B> 2 S g2 o 3

E|EE & 1§ <cgfe = F o2 SE TS

Q < < - = - @

S |24 = =2 TEEE IS2 LEXg 22
ANI1 2,0 2,0 10,0 iki 100,0 \ \ 0,5
AN2 3,0 3,0 10,0 iki 100,0 \ \ 0,5
AN3 4,0 4,0 10,0 iki 100,0 \ \ 0,5
AZ1 2,0 2,0 10,0 \ iki 100,0 \ 0,5
AZ2 3,0 3,0 10,0 \ iki 100,0 \ 0,5
AZ3 4,0 4,0 10,0 \ iki 100,0 \ 0,5
AM1 | 20 2,0 10,0 \ \ iki 100,0 0,5
AM2 | 3,0 3,0 10,0 \ \ iki 100,0 0,5
AM3 4,0 40 10,0 \ \ iki 100,0 0,5
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