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Neotepec Mop@<c Tov YaAovpovikov OE€oc pne
E@appoyéc ota KaAlvvtika Ipoiovta

Evayyslia Ocodociov?, Pwtewvi) Méddov', ABavacia BapBapécov'?, Emupidwv lantayswpyiov'?,
AntéoTtodrog amaddmoviog!?
Touéag AtoOntikns kaw Koountodoyliag, Tunua Boiatpikav Emiotnuav, lavemiotiuio Avtiki¢ ATTIKYG,
Aylov Zmupidwva 28, 12243, Atydiew
2Epyaotnpto Xnueiag-Bioynueiag-Koountodoyiag, Tunua Boiatpikwyv Emiotnuwv, lavemiotiuio Avtikng
Attixnjg, Aylov Zmupidwva 28, 12243, AtydAew

AEZEIX KAEIAIA:
YaAovpovuko o€V, INNEPIAHYH
Tapdywya YaAoupovikoU
0&£0G, KAAAVVTIKG H 8wadedopivn xprijon tov varovpovikoy oifog (YO) otnv
TpoiovTa EMOTNU TOV KAAAVVTIKOV TPOIOVT®wV, £xeL Sieyeipel To
EVELAPEPOV TOV ETALPELDV, OL OTIOILES, LEG® VEWV TEXVOAOYL®OV,
TAPayovv vaAovpoviko 0§V (YO) KoL OPKETA VEX TIAPAYWYO

ARTICLE INFO: TPOKENEVOL Vo auinBovv Tdoo o XpOvog TaPAPOVIIG TOV GE
Received: December 215, 2023 SLa@opovg avlp®TVoug LoToUG 060 Kol 0L AVTLPAEYHOV®OSELS
Revised: January 10, 2024 Wt Tég Tov. H mapovoa pedétn mepllapfavel Stla@opeTika
Accepted: January 11, 2024 €181 kaL TPOTOUVG EVvowpaT®won g Tov YO yia Tn BeATioTOTIOMON
Available on line: March 20, 2024 TNG HETAPOPES KAL ATOPPOPTGT)G TOV Ao TO SEpHa KABWG Kat
™V avénon ¢ 8pdong tov.
* CORRESPONDING
AUTHOR: 1. Elcaywyn
dwTewn MéAdov,
fmellou@uniwa.gr To vadovpovikod o0&V (Hyaluronic Acid, YO), 1§ aAALdg vakoupovavn, eivat

ToAVGaKYap(TNG OV AvijKeL 0TIG YAUKolapvoyAvkaves (GAG)L. Eivat @op-
TIOPEVOG APVNTIKA, YPUUULIKOG TTIOAVCAKYXPLTY, O 0TIO(0G (PEPEL ETAVUAL-
Bavopeveg povadeg (B,1-4) - D - yAukoupovikoV o&€og - (,1-3) - N — axétu-
2o - D - yAdukoZapivng?. Eivat cuotatikd Tou cLVSETIKOV, TOV eMBONALAKOV
KaL TOV VELPLKOV LOTOU Kot TG eEwkuTTaplag OepéAag ovaiag touv Sépua-
to¢ (extracellular matrix, ECM). ’Exet éva evpy @aopa LopLakmv Bapwy Tov
kupaivovtatl amd 5.000 £wg 5.000.000 Da. To péco poplaxod Bapog tov YO
UTOPEL VO EMNPEACEL TIG PUOLKOXT HLKEG TOV Lot TEG. To YO Xxpnoipotot-
elTal VPEWG 0NV ALEONTIKN AGYW TWV ESIK®V LSLOTH TWV TOV, TTOV TOU ETIL-
TPEMOLY Vo SeopeveL peydAo apBud popiwv vepov (H,0)% Eva (1) uopro YO
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£xeLn SuvatodmTa va cuykpatoet 300 popa H,0,
oxnuatifovtag £tol Stacmopd vmAov Ewdoug. Ei-
vat Boovppato, Bloamodounotpo, FAEVVOTPOCKOA-
MTkd?t, evw Tailel Baoikd poAo oty avtikpada-
OULKN TTpOoTaGIa KAl TN ATIAVGT TOU COUATOG .

[pokeLtal yla éva UOLKO GUGTATIKO TOU 0pyavL-
OpOU YEVIKA Kal TOL 8£puatog, To omoio Stadpapa-
TileL oNpavTiKO pOAO 0TV EVUSATWON, TNV AVATIAQ-
o1 KAl TNV EMOVAWOT TOV S£PUATOG.

Qotdoo, pe v avénon g nAwkiog, to YO Sev
avamapayetal T0oo ypriyopa 600 amolkodopeital,
oupBaAAoVTAG OTNV ATPOPIN, TNV APUSATWON KAl
ATIWOAELN TWV XAPAKTPLOTIK®OV EAACTIKOTNTAG TOU
yepaopévou Séppatog. EmmAéov, n éxBeon oty
VTEPLOON akTvofoAia, oL pUTOL KAl TO 6TPEG 08N-
yoUv og auénuévn amodounon YO kat emakoiovdn
pelwon g mpootaciag tov YO amo eAevBepeg pileg,
oLHBAAAOVTAG TIEPALTEPW GTNV TIPOWPT] YNPAVOT).

To YO éxet «kaBlepwbel» wg oLOTATIKO TWV KAA-
AVVTIKOV TIPOTOVTWY yla T BeAtiwon tng evuda-
TWONG TOV SEPUATOG KAL TNV EUUEST] KATA AUTO TOV
TPOTIO KATATIOAEUNOT] TWV ONUASLOV TNG Y PAVOT.
[Mapoéro Tov ta TpoidvTa TepLmoinong SEPUATOS
mov Bacifovtat oe YO éxouv amodeyBel 6tL peww-
VOUV TIG AETITEG YPAUUES, TG PUTISEG KAl BEATIWOVOLY
TNV EAXCTIKOTNTA TOU SEPUATOG, TN GEPLYNAOTNTA,
Kal EVUSATWOT, I ATOTEAECUATIKOTNTA TOUG eivat
UM IKAVOTIOMTIKN Kat eEapTatal o€ peydio Babuod
atd ) oVvOeN Tou TIPOidVTOG. Av KAl I Xopriynon
HEOW TOTIKIG EQAPHOYTS Elval TLo BOALKY, OLKOVO-
WK, Kot Gueca SLabEotun, Ta amoTeAsopata elvat
UM IKQVOTIOWTIKA KL XOUVET, €V UEPEL AOYW TNG
kakn¢ Steloduong tov YO oto Séppa, TG EMUPAVEL-
aKNG evamdeon§ Tou kabBwe kal TG Taxelag amol-
K08OUN NG ToUL.

T BBAoypaia ava@épovtal TPooTADELES Yia
™V €UPEOT] KALVOTOUWV TEXVIKWY YL TN BeATiwon
TOTIKTNG TTapoxM G vepov kat YO oto Séppa’.

To YO €xeL xpnowomomBel oe S1apopeg popPEg
OTIWG VSPOTNKTWHUA, SEPUATIKO TIANPWTIKO, €V-
S08epUIK) €VEDT, IKPLOUATA, KPEUES, HEUPPAVES,
a@pol kot TrTowpata ya Bepatmeia Sta@opwv to-
TwVv acBevelwv. Exel eupl @Aaopa @apuaKoAoyLlKmy
Spaoewv OTWG avtupAeypovwdn, §pacn emoVAw-
ONG TANY®WV KAl QVAYyEVVNONG LOTWY, VOGOTPOTIO-
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TIOWTIKY], QVTIKAPKLVIKT, avTiSlafnTikn, avtiynpa-
VTLIKY, EMavopBwTikr Spdon ¢ emiSepuidag Kabwg
Kol KAAAUVTIKEG 1810TNTES. To YO aokel TOAVTIAELPO
poAo otn pLBULON SLaopwVv Blodoykwy Stepyaact-
WV KaL N SLatipnon TG OpoLldeTAcHS 0TO0 oWua’.

H tapaafn amo {wikés nyés Bewpeitat mapado-
olakn peBodog AP varoupovikov 0&€og 5w KAt
XPOVI, WOTAG0 eV GLVSEETAL TTAEOV [E TTXPAY WY
HeYAANnG KA{pakag. ¢ ek TOUTOV, £X0UV avamtuyOel
EVOALAKTIKEG pHeB0S0AOYIES Y TN Blopnxavikn Ta-
paywyn vaiovpovikov 0&£og. To VAAOLVPOVIKO TOV
eumoplov mapdyetal Kuplws PlotexvoAroykd (-
kpoflakn CVuwon) to omolo eival floocvufatd pe To
avBpwmivo copa®. ETl Tou mapovtog, n To ko
Stadikacio Blopmyavikng mapaywyng mov xpnot-
pototeitat ywx t ANYm YO eivat ) oTPETTOKOKKIKT)
Touwaond.

Q071000, OLXNILLKEG TPOTIOTIOMOELG TNG SOUNG TOU
YO avTimpoowmedouV Lo GTPATNYLKN YLX TNV ETE-
KTAOT T®WV TOAV®OV EQAPULOY®V TOV TIOAUUEPOUG,
AapBavovtag mpoidvta KaATEPNS amddoong Tov
UTTOPOUV VA LKAVOTIOU|00UV GUYKEKPLUEVESG QTTAL-
TNOELS KL UTTOPOVV VU XUPAKTNPLOTOVV ATO HEYA-
AUTEPO Xpovo nuilwns. Kata tov oxediaoud véwv
ouvleTIKWV Tapaywywv, Sivetal Slaitepn mpo-
GOX1 OTNV ATIO@UYN TNG ATWAELNG TWV QUOLKOV
(SloTATWVY TOV VAAOVPOVIKOY 0&€0G, OTIwS 1 Plo-
ovpBatotnta, n BoamodounoudTnTa Kat n PAev-
VOTIPpOoKOAANON°.

To YO eivat éva attd Ta TiLo €VPEWSG XPNOLULOTIOLOV-
LLEVAL EVEPYQA CUOTATIKA 08 KAAAUVTIKA OKEVACUATA
TIEPLTTOIN GG SEPUATOG, OTA OOl UTTOPEL VA XpNOL-
pomomOel w¢ evuSaTIKO CUOTATIKO, AOYW TNG LEPO-
@UNG @LONG TOoL. Bewpeitat Ty, dTav e@apuolovtat
TNV EMPAVELX TOV SEpUaTog, Ta StoAvpata YO oxn-
patiCouv éva LPEVLO, ATTOPPOPOVY TNV VYpasia, EVu-
Satwvovtag €tot o 8épua. Emiong Sieyeipel  peta-
VAGTEVOT] TWV EMSEPUIK®OV KUTTAPWV!. AvdAoya pe
TO HOPLAKO TOV PAPOG EXEL TNV LKAVOTNTA VX EVIOYVEL
TO €TiTES0 VYPAGING TOV SEPUATOG 1] VA ETILTAYVVEL
™mv avamiaon. o mapddetypa, to vPmAoy popla-
KoV Bdpoug VaAOUPOVIKO 08D evuSaT®VEL To Sépua
oxnuatilovtag éva vpévio O0Tav e@apuoleTal oTnv
EMUPAVELAKT OTRESA TOU SEPUATOG, ATTOTPETOVTAS
NV SLHSEPULKT ATIOAELX VEPOU KL ETOL EXEL ATIOPPA-

3
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KTkO amotédeopa. AvtiBeta, To vaAoupovikd o0&y
pe xaunAo poplakod Bapog pmopel va Slelodvoel 6To
Séppa yia v pootateVoEL KAl Vo UTTOoTpigeL v
EMSEPUIKT EVUSATWOT], VA EVUSATWOVEL CUVEXWG TNV
Kkepatvn oTiBada yia va e€aos@alioel v umAn mot-
OTNTA TNG EMSEEPUIKNG LVPNIGL,

[poo@aTEG EPEVVEG OXETIKA WE TO HOPLAKO BAPOG
Tou YO kal tnVv enidpact) Tou o1n ynpavorn tov Sép-
patog Seiyvouv 6Tt YO xaunAov poplakol Bapoug,
mepimov 50 kDa, €xet onpavtikd vmAdTepoLS pub-
povg Stelobuong oto Séppa amd YO vPmAdtepou po-
plakov Bapovugt.

Tpoibvta pe Bdom to YO ypnopomolovvtal emiong
oV atntk deppatoioyia KAl TNV TAACTIKNY XEL-
poupyw). Eite oe otaBepomomuévn popen eite ot
ouvSLao O pe GAAa TToAupepT, To YO xpropomoleital
WG CUOTATIKO EPTIOPIKWV SEPUATIKWV TIANPWTIKWV'2,

Av kot to YO €xel S1A@OpPES EQAPUOYES, aTaLTEITAL
TEPALTEPW £PELVA KAL TEXVOAOYLKT] AVATITUEY, ETEL-
M uTt&pxoLV ETIL TOU TTAPOVTOG OPLOUEVA (NTHATA
IOV TPETEL VA amoca@nvioTovv. Eival amapaitnt
N mepatépw e&€taomn tou petafoilopo touv YOL
Agbopévou 6tLTo YO gival évag ToAU-NAEKTPOAV TN,
0L PEOAOYIKEG TOV L8LOTNTEG oTA LSATIKG SLaAvua-
T emnpedlovTal mMONG AO TNV LOVTIKI oYXV, TO
pH xat ) Beppoxpacia. ‘Otav ol Tapdyovieg avtol
avéavovtal, To 1EWoeg Tou YO HELWVETAL OTHAVTIKA,
vmodnAwvovtag efaagbévnon twv aAAnAemiSpaoe-
WV PeTad) TV ToAVpPEPIKWY aAvcidwv. To YO elvat
oAU evaiaBnTo oTIS peTaoAég Tov pH, eite og 61
Vo 1 aAKaAkO TepLBdAdov, pe amotéAeopa dTav To
pH eivat yapunAdtepo amd téooepa i vMAGTEPO ATLO
11, To YO amowkodopeltal pe vdpoAvon™.

Emtiong to poplakd Bapog tov YO amoteAel epmo-
S0 ya ) Seppatikn Swamepatdotnta ‘Eva mapa-
okevaopa YO yapunAol poplakov Bapoug eivat tkavd
va Slarmepdoel to §éppa, oAAG eival &yvwoTto dv St-
atnpel 1 OxL TG CAPWTIKEG EMEPATELS TV eAeVOe-
pwv p{wv 0§UYOVOU 0TOV KOKKWOT LloTO.

2. Nedtepeg Mop@£g Tov YadovpovikoU 0E€og

2.1 Alboowpko cvotnua (SPACE - ethosomal
system, SES).

AvamtiyOnke cvonua atboowpikol @opéa (St-

REVIEW ARTICLE

apetpog ~110 nm)- memtidiov-cvlveypévou pe
pweoMmidia, oto omoio evBviakwvetatr to YO
(SPACE) pe oxomo tnVv BeAtimwon tng Tomikng pa-
ong tov',

2.2 NavoyaAdktwpa Aadt/vepd YO xwpic ai-
K00AN (Alcohol-free oil / water Hyaluronic Acid
Nanoemulsion).

AvantioyBnke vavoyoddxktwpa 0/W pe YO xwplg
QAKOOAN HE OKOTIO VA £QAPUOOTEL WG SLASEPIKOS
@opéag, va SlelodVEL oty KePATIVI oToldda Kat
va Slayéetat Babid oto x0plo péow G SlakAadw-
OTG KAL TNG SLAKUTTAPLKNG Stadpoungrs.

2.3 YaAovpoviko o0&V pe oTtavpoetdeic Seonovg
ovplag

TuviiBws To YO evwvetal pe Staotoupovpevn cOvse-
O] L€ TTOAVHEPEG CUVOETIKNG TIPOEAELOTG TIOV SLABETEL
SV0 AELITOVPYIKEG OPASES KAl TIAPAYETAL £va BloaTol-
K080 o0, aSIAAVTO 6T vEPD LEPOTINKTWUA!C. XKO-
TOG €lvat 1) ATTOKTNAON EVOG SLACTAVPWHIEVOL TIOAUE-
poU¢ Tov Ba ptopel va SpAcel wG TTOAVAELITOUPYIKO
HOPLO LKaVO va TIAPEXEL EVEPYE GUOTATIKGY.

2.4 OAyooakyapiteg VOAAOUPOVIKOU 0F£0G
(Hyaluronic Acid oligosaccharides)

Ot oAtyooaxyapites pe Souikr) povada mapdpola
oL YO Kot pikpoTeEpO poplakd Bapog, mov umopel va
TIPOEPYOVTAL ATIO SLAPOPETIKEG CLVONKES (UUWOTG,
£€xouv TNV duvatotnta va SletodVouv 6To XOpLo Tou
SEPUATOG, VO AVATIANPWOVOLV TNV TIEPLEKTIKOTNTA O
YO tov owpatog, kabwes kat va pubuifovv to peta-
BoAlopod tou Sépuatog kat va kabuotepovv ™ yNi-
pavon g embeppidagte,

2.5 Auoiko6 vaAovpoviko o€V ( Lipophyal)

To Lipophyal eivat éva evSiapépov mapaywyo
TOU VAAOVPOVIKOU 0EE0G TOGO YlA EQAPLOYEG GTOV
SePHOKOAAVVTIKO TOpEN OGO KAL WG AVTLYTPAVTIKO
oUOTATIKO 0TNV KoountoAoyia. H dnpovpyia tou
Baoiletal oe WKTOUG ALTTOTKOUG KOl HUPUNKLIKOUG
£0TEPEG VAAOVPOVAVNGLY.
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2.6 Nepo, pEM, @Wo@OMTISIH, O@LYKOAL-
TSl kat valovpovikd o0&y (Water, Honey,
Phospholipids, Sphingolipids, Hyaluronic Acid)

H oUvBeon mepléxel Aimoowpuata @UTIKA Amidia,
pe evOLAAKWUEVO BLOTEXVOAOYIKA TIAPAYOUEVO V-
AoupoviKO 08V Kat HEAL avBiwv, oe aoBevag 6ELvo,
vdatiko péco. H Atmoowptkn Tou Soun vmootnpilel
™ ypnyopn amoppdenon touv YO kot Tou avOope-
Aov?®,

2.7 Yadoupoviko vatpio (Sodium Hyaluronate)
150-1300 kDa.

To Sodium Hyaluronate eivat vadovpovikd vatpLlo
XapmAov poplakoV Bapovg, 150 - 1300 kDa. Mapa-
yetat pe CQOHwWOoN VOGS U1 ALHOAVTIKOU HIKPOBLaKoU
oTeAéXOUG, ToL Streptococcus equi?'.’Exet v 1810tn-
TO VO AKWNTOTOLEL HEYOAD OYKO VEPOU OTLG SOUES
™6 embepuidag kat eival tkavo va pa BeTikd o
UECOKUTTAPLA ETIKOLVWVIX, QUEAVOVTAG TA QVTLO-
Eel0WTIKA €viupa Yl TNV KATATIOAEUN 0N TOU O&EL-
SwTIKOV OTPES.

2.8 AwxotavpoUpevo ToAvpepés Yadovpovi-
KoV vatplov pe mMeVTUAEvo YAUKOAN Kat vepO
(Sodium Hyaluronate Crosspolymer, Pentylene
Glycol, Aqua)

Iapdaywyo YO TOAVUEPES HE OTAVPOSEGUOVGS TTOU
mpoépxetat amd @uokd YO. ‘Exel v 8ot ta va
Seopevel TeploooTEPA POpLA vEPOL AOYW TNG SOUNG
TOV HE 0TAUPOSEoUOVE Kal Tou VPMAOY Eweg Kal
TAPEYEL LEYAANG SLApKELAG EVUSATWON 0TO S,

2.9 XauniAoV poplakoV PBapovg Yadovpo-
viké vatplo (Low Molecular Weight Sodium
Hyaluronate)

Y&poAVBnke VAAOVPOVIKO VATPLO TIPOKELUEVOL VL
TapaxOel VOAOVPOVIKO VATPLO XAUNAOU HOPLAKOV
Bapoug. To vadovpovikd vatplo Tov Tapnxon ixe
KATd HEGO OPO, LOPLAKO BAPOG IOV KUHALVOTAVY ATIO
LEPLKEG EKATOVTASESG XIALGSEG €wg 3.500 Da. Meta-
BaAAovtag T cLYKEVTPWON TOU 0&KOV 0&E0G Kol
Tov XpOvo avtiSpaong, To VAAOUPOVIKO VATPLO e-
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TATPATINKE 0€ AKETUALWHEVO VOAOUPOVIKO VATPLO
XaumAov poptokov Bapovg?,

2.10 Y§pomKTwpa KoAAayovou kat vaAovpo-
VIKOU 0§£0G 0€ GUGTHNATA XOP YOG HIKPOY Q-
AakTtwpatogvepd/Addi (Collagen and hyaluronic
acid hydrogel in water/oil microemulsion
delivery systems)

Evowpatwbnke YO kot KOAAQYOVO G€ PHIKPOYQAAR-
KTWUW®, PUE OKOTO TN BEATIWON TNG HETAPOPAG KAL
™G ameAevOEpwon gt

2.11 Mn LOVTIKA JUKPOYAAXKTOMOTA LLE XA
A0 poprako Bapog YO (Nonionic microemulsions
with low molecular weight hyaluronic acid)

AvamtoxOnkav pKPOYOAAKTOUATH HE UN LOVTL-
KOUG YAAQKTWUATOTOWNTEG. Tal PLIKPOYXAXKTOUATA
TEPLEXOUV POVO Eva YapunAoL poplakov Bapous va-
Aovpoviko6 o€ TG Taing Twv 22 kDa%,

2.12 Ammocwpa H.ECM™: tpwteoyAvkdvn pe
VaAovpovikd 0&0 kat vEpoAvuévo koAdayovo
(Proteoglycan Combined with Hyaluronic Acid
and Hydrolyzed Collagen)

[Ipaypatomoun|Onke TAOTIKY HEAETT YIX TNV ATTO-
TEAEOUATIKOTNTA €VOG VEOU HOAAKTIKOU KOGUNTL-
KOV GUOTATLKOV, TO OTolo amoteAsital amd vavo-
Améowpa HEECM™ to omoio mepiéxet pa Stadvtr
TPWTEOYAUKAVY] QVAUEUELYHEVT] HE LSPOAVUEVO
KOAAQyOVO Kt VaAovpoviko o&V. H tpwteoyAukdavn
o€ OLVSVAGHO UE TO VAAOVPOVIKO 08D KAl To VSpo-
AUpéVo KOAAayOvo amokaBlotolv Tov SepuaTikod
@payud og NTLa atoTikn Seppatitida kat Enpd §ép-
e

2.13 YBpdika vdpo - TMKTOHATA VAAOVpO-
VIKoU 0&£0G-v8poAvpévou koAdayovov (hybrid
hyaluronic acid-gelatin hydrogels)

To koAAaydvo kat to YO eivat Ta kKOpLX GUOTATIKA
m¢ ewkuttapikng wytpag (ECM) otoug meplocote-
POUG AVOPWTILVOUG LoTOVG. ‘OTAV XPTOLLOTIOLOVVTOL WG
VBPLSIKO VALKO, HTTOPOVV Vo ETILTPEYOUV TN LI o TG

5
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ECM twv @uok®v 1otwv?. Ta u8po-TmKTmpata eivat
VEPOPAA TIOAVEPT] HE OTAVPOSEGHOVG, TIOV Sev Sla-
AVovtatoto vepd. Exouvv Evpwmaikn éykpion CE 0473,
EN ISO 13485/11.2000 xat pmopodv va XpnoLHOTIOL-
NOBOVV Yyl €PAPUOYEG UNXAVIKIG KAPSLYYELXKWDV
LOTWYV, EVW ETIL TOV TIAPOVTOG SEV XPN|OLLOTIOLOVVTAL OE
KOAAUVTIKG TIPOTIOVTAL

2.14 YBp8ikod mMANpwTiko pe Bdomn To vadovpo-
VKO 080 KL TNV TPOTIOTIOMMEVT) e AaKTO{N XLUTOo-
{avn (Hybrid Filler Based on Hyaluronic Acid and
Lactose Modified Chitosan)

Avamtiynke W KoavoTOUog TEXVoAoyix yia TV
KATHOKELT TIANPWTIKWV pe Bdomn to YO vymAng amo-
500MG XPNOLLOTIOIWVTAS EAGYLOTEG TIOGOTNTEG TOU
TAPAYOVTA OToVPOoESoVs ouvdeong (cross linking
agent), SLOTL Ol TAPAYOVTEG GTAVPOELBOVG GUVEEDTG
éxouv ocuvoxetoBel pe peyadltepn toéikoTTa. Me
avtr) ) véa texvoloyia (YOCL - CTL), mapackevaotn-
KO TIAN PWTIKA 6T OTIOL0 XLTOLAVT) TPOTIOTIOULEVT LE
Aaxtdln, CHITLAC® (CTL), evowuatwveTal otn dopn
TOU VAAOVPOVIKO 0&V HE 0TAUPOELSEIS Sea OV oUpiag
(YOCL), pe oxoTto va evioxuBoUv oL peoAoYIKES LBLOTT-
TEG TOU TIANPWTIKOVZ,

2.15 Yadovpovikog Pevddpyvpog v8poivpévog
(Zinc Hydrolyzed Hyaluronate)

0 Yaoupovikog Preudapyvpog cuvSualel Tig t8Llotn-
TEG KAL TWV SU0 oLOTATIKWY, Kot Tov YO Kot Tov YPev-
Sapyvpov, eved 1 VEpoALUEYN HopEY HTTopEl va av-
&oel v amoppo@non kat va StetodVoel 0To Séppa.
[Ipoodidel oto Séppa v evudatwao Tov ypelaleTay,
emavopBwon kat BpéPm, kabws Kal avTIoEESWTIKES
KoL KATATPAUVTIKEG SpAoelc®.

2.16 ALtoTAUPOVEVO TIOAVHEPEG VAXAOUPOVIKOV
vatpiov (Sodium Hyaluronate Crosspolymer)

Elvat éva €(8og Sloykwpévou aAdda adidAvtov oto
VEPO  SLOTAUPOVUEVO  TIOAVHEPOUS VOAOUPOVIKOV
vatplov. ‘Exet v 1810TNTa va HETATPETETAL OE KPU-
OTAAVA Kol EAAOTIKA pkpoo@apidia YO petd
SLoyKwon, Ta 0Tolor LTTOPOVV VA AVTIKATAGTIICOVV TA
TAPASOCLUKA LKPOG@ALPISIA TIOU EVOWUATWVOVTAL
OTA KOAALVTIKA TipoidvTa’.
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2.17  Y8poAiuvuévo  YaAoupoviko
(Hydrolyzed Sodium Hyaluronate)

VATpLo

YO mov tapdyetal pe QOUWOT A0 U YEVETIKA TPO-
TIOTIOW LEVO OPYOAVIOUO KAL ATTO L TEYVOAOQYia VUL
KNG amodounong. To poplako tov Bapog eivat pkpoTe-
po a6 5000 Da. Emopévwg pmopel va Stetodoetl oTig
oTBadeg g embeppidag kot Tov xopiov?,

2.18 AxetvAlwpévo  YaAoupoviko
(Sodium Acetylated Hyaluronate)

VaTpLo

E&elSikevpévo apaywyo vadoupovikov vatpiov, To
ottolo ouvtiBetat amd YO pe avtidpaon axeTuAiwong.
Y&po&uAopada tou YO, E0TEPOTOLEITAL LE AKETUAOUA-
Sa, pe amoTeAeopa va auEaveTal 1) Amo@LAia, YEYovog
7o omoio fonB& ot Seppatik Sieioduon?.

3. E@appoyig twv Nedtepwv Mop@wv Yadoupo-
vikoU 0&€0¢ ota KaAAvvtika Ipoidvta

[ToAAEG PEAETEG TIOU £YIVAV GTOV TOUEQ TWV KOAAL-
VTIK®V, £XOUV SLATIOTWOEL OTL TA SLAPOPETIKA LOPLAL-
K& Bdpm TOU VAAOVPOVIKOU 0EEDG £XOLV SLPOPETIKES
emSpAoels otV aloBnomn kat To IEWEES Tov §EPUATOG.
To vmAo¥ poplakov Bapoug (High molecular weight,
HMW) YO (1 x 106 Da) €xeL avTIpuTIOIKES KAl EVEP-
YETIKEG 1810TNTEG, adpavoTolel TG eAeVBepes pileg
Kot CUUBAAAEL 0TIV TIPOOTAGIX TOV §EPUATOG, KAOWS
amodidel KaAvTEPA OOV APOPA TO GXNUATIOUO EVOG
@ kaL ) Statpnomn s vypaciag. To yaunol popt-
akov Bapoug (Low Molecular Weight, LMW) YO (1 x
104-1 x 106 Da) éxeL v Suvatdmra va SielcdveL ota
BaBltepa oTpwpaTa TOU SEPUATOG, VA ETILSLOPOWVEL
TUXOV BAGRN TS puiknge. Ot oAtyooaxyapiteg YO amd
TNV GAAT, utopolv va S1EladVo0LY 0T XOPLO TOL SEp-
HATOG, VO GUUTIANPMCOLY TNV TIEPLEKTIKOTNTA o€ YO
TOV oWHATOG, puBpifouv To petafoAiopd Tov Séppa-
TOG KoL KaBuoTePOLY TV Y1paveoT TG emSeppidog!e,

4. Tupmepdopata

Q¢ éva amod ta OepeAddn cvoTATIKE TG EEWKUT-
TOPIKNG UTPAS TOU SEPUATOG, TO VAAOUPOVIKO 0&V
aokel onuavtikd poAo otov petafoAlopod tov déppa-
TOG, 0TNV EVUSATWON TOVU, 6T SLaTHPNoT NG SouNG
TOU Kol NG Aettoupylag Twv wotwv. H Bopnyavia
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KaAAvvTikwv xpnotpototel To YO y mévw amd 20
XPOVIAL YL TIG EEUUPETIKEG EVUBATIKES, avalwoyovn-
TIKEG KL QVTLYNPAVTIKEG ToU 810N TeS. To vaioupo-
VIKO 08U KAl TA TIEPLOCOTEPA TTAPAYWYA TOU EVOW-
patwvovtal o TANBWPa KOAAVVTIKGOV TPoldvVTWwY
Yo TNV TEPLTIONOT TOU TEPLYPAUUATOS TWV HATLWV,
TWV XEWLWY, TOVU TIPOGMTIOV KL TOU AALUOV, TNV TE-
PLTIOMOT TOU CWHATOG KATA TNnG Kuttapitidag, ot
SL&Popeg KAAAVVTIKEG LOPPEG: KPEUES, AOGLOV, 0pOi,
pdokes. H mapovoa epyacio mopéBeoe StaopeTikd
€161 KL TPOTIOVG EVOWUATWONS TOU UAXAOUPOVIKOV
0&€o¢ yla T BedtioTomonon g xopnynons Kat tng
SePUATIKNG ATTOPPO@PNONG TOV KABWE Kot TNV avénan
™G Spaomng tov.

To akeTvAlwEVO VaAoLpoVikO vaTplo (AcYO) ai-
VETOL VO £XEL ECAUPETIKEG EVUSATIKEG LOLOTNTEG KAl 1)
akeTLUAIwon Tov YO BeATiwoe TNV tkavo T Td ToL va St-
€lo6VEL 0TO SEPUA eV TIAPAAANAX TIpATELVE TN SLdp-
kel {wn¢ tov. To Sodium Hyaluronate Crosspolymer,
Pentylene Glycol, Aqua eivat v8atodiaduTtd kat umopet
va mpootedel amevbelag oV vEATIKY AT, LE NTILA
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avadevon. Mmopel va ypnowomomBel oe Tpoidvta
EVUSATWONG KAL QVTLYNPAVTIKA TIPOIOVTA, OTIWG KPE-
LLEG, 0POVG, TINKTWHATA, LAOKES K.ATL. OE TEPLEKTIKOTI-
T 1% - 5%.

Mix evSla@epovoa TPOTAOT EIVOL 1] AVATITUEN TIPOI-
OVTWV ETIOUEVTG YEVLAG, HE TIAPAY WYX CUCTNUATWV SL-
QVOLT|G TIOAVHEPWV GUIEVYUEVV IE VOAOVPOVIKO 08V
KL (QOPUAKEVTIKOV OUCL®Y, WOTE VA EETEPATTOVY
T TTPoBAHATA IOV TIPOKVTITOVV, AGYw Tou LYMA0L
poplakoL Bapog Tov, Tapéxovtag VPMAS emimedo Blo-
oLUBATOTNTAG, TAPATETAUEVO XPOVO NULLWNG KAl ov-
ENUévo xpoOVo TTAPAUOVNG GE SLAPOPOVS AVOPOTILVOUG
LoTovg.

TuoTpata aBocwUkol @opéa HE TO TEMTISLO
SPACE (ethosomal system, SES) @aivetaiva £xouv Be-
TN enidpaon o Seppatikn Sieioduon tov YO, dpwg
EMPAAETAL TIEPAUTEPW EEETAON YL TI] LAKPOTIPODE-
oun otabepomra Twv okevaoudtwyv SES. Emiong, ta
U1 LOVTIKA HIKPOYOAAAKTMUATA HE XAUNAO HopLaKo Bd-
pog YO ypeldlovtal emmA£0V EPEVVEG KL LEAETES ALTTO-
TEAEOUATIKOTN TG Kot oTabgpdTTag. O
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ABSTRACT

process.

Hyaluronic acid (HA) is a natural component of the body and especially of the
skin, which exerts an important role in its hydration, regeneration and healing

HA has shown a wide range of pharmacological activities such as anti-
inflammatory, immunomodulatory, antitumor, antidiabetic, antiaging and skin
repair. Moreover, HA contributes in regulating various biological processes and
maintaining homeostasis in the body.

However, with increasing age, HA is not reproduced as quickly as it is degraded,
contributing to the atrophy, dehydration and loss of elasticity of the skin. In
addition, exposure to UV radiation, pollutants and stress lead to increased HA
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degradation and a subsequent decrease in its protection from free radicals,
contributing further to premature aging.

The great potential of HA in cosmetic science has stimulated the interest of
cosmetic industry which, through new technologies, can produce hyaluronic
acid and several novel derivatives in order to increase both its residence time in
various human tissues and its anti-inflammatory properties. The present study
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Athens, Greece.

ABSTRACT

The subject of this article is the incorporation of powerful antiox-
idants such as resveratrol (RVT), retinol (vitamin A), tocopherol (vi-
tamin E) and ascorbic acid (vitamin C) into alcoholic beverages such
as red, white. , and rosé wine, and spirits such as tsipouro with the
aim of enriching them and increasing the added nutritional value of the
final products. Enrichment was achieved with substances, such as res-
veratrol, and the vitamins mentioned above, encapsulated in suitable
food and beverage compatible matrices, such as cyclodextrins. This
integration is expected to increase the antioxidant properties of alco-
holic beverages and, by extension, the nutritional and economic value
of the final product. The substances used were placed in wines and
spirits (tsipouro) at a specific concentration of 200mg of antioxidant in
1000ml of alcoholic beverage and sampling was done at specified time
intervals. The final-maximum values were evaluated and thus found
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the antioxidant activity measured by two methods DPPH, ABTS and
the total content of phenolic compounds measured by the Folin-Cio-
calteau method. Finally, the enriched alcoholic beverages were sub-
jected to an organoleptic test in order to determine any alterations
due to the addition of antioxidants.

1. Introduction

According to recent research, France has low rates
of cardiovascular events compared to other Euro-
pean countries despite consuming large amounts of
fat in their daily diet. This is due to the regular but
moderate consumption of wine, the so-called French
paradox, which helps us understand how these low
rates are explained'? It has been observed that the
phenolic compounds abundant in red wine in par-
ticular may be responsible for the good health of the
people of France. Although the mechanisms of action
are not yet fully understood, it is known that pheno-
lics behave as free radical scavengers due to being
powerful antioxidants. It has also been shown that
they can protect the human body from bad choles-
terol®4.

Substances such as resveratrol and vitamins that
have high antioxidant, antimicrobial and other prop-
erties should be taken daily in specific amounts to
strengthen the human body. Alcoholic beverag-
es, such as wine, contain certain amounts of these
substances, such as resveratrol, but for the average
person to get the specific amounts they need of
these substances they would have to consume large
amounts of beverages, and this is something that is
not we want. So the uniqueness of this research is
to try to enhance these products by adding these
substances to them, so that with the consumption of
about one to two glasses, as stated as the daily con-
sumption of wine according to the World Health Or-
ganization (WHO), the average man receives, if not
the whole, at least half the amount he needs from
these substances.

The substances used are resveratrol, a natural sub-
stance of the class of phytoalexins with the basic
structure of stilbenes, and vitamins such as vitamin E

(tocopherol), vitamin C (ascorbic acid) and vitamin A
(retinol).

1.1 Wine

Esters are qualitatively the main components of
wines in addition to water, ethanol and alcohols, main
quantitative components. Epidemiological studies
from many different populations reveal that people
with a habit of moderate daily wine consumption en-
joy significant reductions in all-cause and especially
cardiovascular mortality compared to abstainers or
heavy drinkers. Researchers are working to explain
this observation in molecular and nutritional terms.
Moderate ethanol intake from any type of beverage
improves lipoprotein metabolism and reduces the
risk of cardiovascular mortality. The question now is
whether wine, particularly red wine with its abun-
dant content of phenolic acids and polyphenols,
offers additional health benefits. Discovering the
nutritional properties of wine is a challenging task,
requiring the biological actions and bioavailability
of >200 individual phenolic compounds to be doc-
umented and interpreted within the social factors
that stratify wine consumption and the myriad ef-
fects of alcohol. A further challenge arises because
the health benefits of wine relate to the prevention of
slowly developing diseases for which validated bio-
markers are rare. Scientific research has shown that
molecules present in grapes and wine alter cellular
metabolism and signaling, which is mechanistically
consistent with reducing arterial disease®®.

1.2 Tsipouro

Tsipouro has from 36 to 45 alcoholic degrees. Its
main difference with Cretan raki is that tsipouro is

11
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Scheme 1. Standard reference curve with trolox for the DPPH method

usually double-distilled and often in some regions
different spices such as anise are added. It should
not be confused with ouzo, the popular Greek drink
with a different preparation method.

The production of tsipouro is lost in the depths of
time, but it is said to have started in the 14th century
on Mount Athos by monks who lived there. Over the
years it spread to different parts of Greece, mainly in
Macedonia, Epirus, Thessaly, Peloponnese and Crete.

The raw material for the production of spirits is
the stem, i.e. the mass that remains after the pulp of
the grapes, from which the wine is produced.

Tsipouro can be produced from stems from red
winemaking with a smaller or larger amount of wine
in them. In addition, they can be used separately, from
the main volume of must, which comes from white
grapes, but also from red grapes, which have been
used to produce rosé or white wine by direct pressing.

Often tsipouro is distilled a second time, as in this
way its quality is improved.

1.3 Vitamins and resveratrol

Vitamin C is a water-soluble vitamin, a white to
off-white “powder”, which has a carbohydrate chem-

12

ical structure and takes part in metabolic processes
mainly of animal organisms’.

Vitamin E is a fat-soluble vitamin, of a light yellow
color and an oil-like form with a very slight charac-
teristic odor. A substance practically insoluble in wa-
ter and miscible in any proportion with oils, acetone,
alcohol, chloroform, ether and other fatty solvents, it
is the main fat-soluble antioxidant agent of the anti-
oxidant defense system of cells®.

Vitamin A is a fat-soluble vitamin, yellow-orange
in color and of “sticky” texture. It is necessary for the
proper functioning of the retina of the eye®.

The compound resveratrol (resveratrol, RVT) is a
natural substance of the class of phytoalexins with
a basic structure of stilbenes. Resveratrol (RVT) is
mainly found in high concentrations in the skin of
grapes and especially red grapes, nuts, berries (mul-
berries, blueberries, cranberries, bilberries) and in
smaller quantities has been found in 70 more plant
products. The content of resveratrol (RVT) in the
skin of fresh, red grapes is 50-100 pg/g, while in red
wine it can be found in concentrations of 1.5-3 mg/L.
In white wine it can be found in smaller quantities
because the fermentation of the wine is carried out
after removing the skins of the grapes. Resveratrol
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Red wine with DPPH method
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Scheme 2. Final results (after 1500 hours) of red wine ..with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the DPPH method

(RVT), like other phytoantioxidants, is a natural
component of plants with antibiotic activity to pro-
tect against fungi and oxidative damage. It is a color-
less to pale yellow crystalline substance (depending
on its purity). It is a natural substance of the class of
phytoalexins and has the basic structure of stilbenes.
With a strong antioxidant effect'?.

1.4 Antioxidants

The more we burn, and therefore the more oxygen
we use, the greater our need for antioxidant protec-
tion. All cells need protection from free radicals and
more so the brain which, despite weighing only 2%
of our weight, uses 20% of the oxygen we breathe.
The body produces antioxidant enzymes that neu-
tralize free radicals, but with age the amount of these
enzymes decreases. So we need to get antioxidant
molecules from the diet which easily provide the
electrons to the free radicals. Antioxidant substances
are an ally in protecting the body against aging and
serious diseases. Antioxidants are substances that
inhibit - prevent the oxidation (destruction) of cells.
The oxidation process causes cell damage through

the production of free radicals. Air pollution, solar
radiation, stress, smoking and some foods (fried
foods) are some of the most important factors in the
formation of free radicals. Free radicals are particu-
larly harmful to cells and are very likely to cause irre-
versible damage (i.e. changes in either cell morphol-
ogy or function, resulting in diseases such as cancer,
heart disease, neurodegenerative conditions, etc.).
Antioxidants are substances that prevent or slow
down the oxidation of food components caused by
atmospheric oxygen. Most antioxidants are aromatic
compounds, possessing at least one free hydroxyl or
amine group!!'2,

2. MATERIALS AND METHODS
2.1 Materials

Specific methods were used to conduct the exper-
iments, and below are mentioned all the machines,
and reagents that were used to conduct the experi-
ments. The machines and reagents used for the ana-
lyzes are:

e ASCORBIC ACID A.G. (vitamin C), 99, 5%,

13
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White wine with DPPH method
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Scheme 3. Final results (after 1500 hours) of white wine ..with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the DPPH method

MW=176, 13 gr/mol, PENTA;

e DL-a-Tocopherol (vitamin E), 96%, MW=430, 72
gr/mol, TCI;

e all-trans-Retinol (vitamin A), 95%, MW=286,
4516 gr/mol, ACROS ORGANICS;

e Resveratrol (RVT), 99%, MW=228, 25 gr/mol,
TCI;

e 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 95%,
MW=394, 32 gr/mol, Alfa Aesar GmbH Co KG;

e Trolox (6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylicacid), 97%, C14H1804,
MW=250,29 g/mol CAS: 53188-07-01, Sig-

ma-Aldrich, Germany.

e Sodium Carbonate anhydrous(Na2C03): Assay
99,5-100,5%, MW=105,99 g/mol, CAS: 497-19-8,
Carlo ET eagents, Italy

e Gallic Acid: 3,4,5-Trihydroxybenzoic acid anhy-
drous 99%, C7H605, MW=170,12 g/mol, CAS: 149-
91-7, Alfa Aesar GmbH&Co KG, Germany

e Potassium Persulfate (K
Methanol 99,9%
UV-Visible spectrophotometer, Novaspec IlI;
Analytical balance: KERN AD], TechnoLab;

25208)
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e Water bath, Heraus
2.2 Analysis Methods

2.2.1 Measurement of antioxidants activity
with the DPPH method

2.2.1.1 DPPH mother solution: The balance is
set to zero with the beaker to be used and an amount
of 0.0060g of DPPH is added to it with the help of a
special spatula. Then, a small amount of methanol is
added to the beaker at a time while stirring until the
DPPH granules dissolve. Finally, place the contents
of the beaker in a 250 ml volumetric flask and add
methanol up to the mark. The solution should not be
used immediately after preparation. Leave the solu-
tion in the dark for 30 minutes. It can be kept in the
fridge for up to one day [13-16].

2.2.1.2 Trolox solution: The balance is zeroed
with the beaker used and 0.0250g trolox is added to
it with the help of a special spatula. These are dis-
solved in 90ml of methanol and the solution is trans-
ferred to a 100ml volumetric flask and made up to
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Pink wine with DPPH method
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Scheme 4. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the DPPH method

volume with deionized water (10ml).

2.2.1.3 Dilution of samples: The initial concen-
tration of the substances is 300 mg in 1000 ml of al-
coholic beverage. At a specified time, an amount of
samples was taken, diluted and then measured. Red
wine was diluted with 100 pl of red wine in 99.9 ml
of methanol, rosé wine was diluted with 100 ul of
rosé wine in 49.9 ml of methanol. The white wine
and tsipouro were not diluted.

2.2.1.4 Experiment procedure

50ul of sample (standard or sample) and 1450ul
of DPPH mother solution are added to an eppendorf
with the help of pipettes.

After vortexing for 30 sec absorbance at a wave-
length of 517nm (t=0) is measured in wells. After
30 minutes that the samples remained in the dark, a
vortex is performed and the absorbance is measured
again (t=30 sec). The spectrophotometer is zeroed
with methanol.

From the two absorbances, the % difference in ab-

sorbance is calculated according to the formula:

%AA (517nm) = [A(0) - A(30)/ A(0)] x 100.

Through the trolox reference curve, the antioxi-
dant capacity is expressed in trolox equivalents.

Trolox solution: 0.0250g of trolox is dissolved in
90ml of methanol and 10ml of deionized water.

For the standard reference curve, a Trolox solu-
tion with a concentration of 2mM (solution A) is
prepared.

In 10 ml volumetric flasks, the corresponding
amounts of 8, 6, 4, 2 ml of solution A are added and
the volume is made up with pure methanol.

2.2.2 Measurement of antioxidants activity
with the ABTS method

2.3.2.1 ABTS mother solution: The balance is set
to zero with the beaker to be used and with the help
of a special spatula the amount of 0.1801g ABTS and
0.0331g K, . is added to it and we first dilute them
with 20ml of deionized water. The solution is then
added to a 50ml volumetric flask and deionized wa-

15
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Scheme 5. Final results (after 1500 hours) of tsipouro with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the DPPH method

ter is added up to the mark. Leave the solution for 16
hours in the dark at room temperature to acquire an
intense deep blue color. Finally, we take 3.6ml of the
initial solution prepared above, place it in a 250ml
volumetric flask and dissolve it with 246.4ml of meth-
anol. Measure the absorbance which should be close
to 0.700 when spectrophotometered at 734nm. The
solution can be used immediately after its prepara-
tion. Keeps in the fridge for many days*&-%.

2.2.2.2 Trolox solution: The scale is zeroed with
the beaker to be used and 0.0250g of trolox is added
to it with the help of a special spatula. These are dis-
solved in 90ml of methanol and the solution is trans-
ferred to a 100ml volumetric flask and made up to
the mark with deionized water (10ml).

2.2.2.3 Dilution of samples: The initial concen-
tration of the substances is 300 mg in 1000 ml of al-
coholic beverage. At a specified time, an amount of
samples was taken, diluted and then measured. Red
wine was diluted with 100l of red wine in 99.9ml of
methanol, rosé wine was diluted with 100ul of rosé
wine in 49.9ml of methanol. The white wine was di-
luted with 100ul of white wine in 49.9ml of metha-
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nol and the tsipouro was not diluted.
2.2.2.4 Experiment procedure

50ul of sample (standard or sample) and 1450ul
of ABTS mother solution are added to an eppendorf
with the help of pipettes.

Strong vortexing is carried out for 30 sec and left
in the vials to rest for 6 minutes, the absorbance is
measured at a wavelength of 734 nm. The spectro-
photometer is zeroed with methanol.

From the two absorbances, the % difference in ab-
sorbance is calculated according to the formula:

%AA (734nm) = [A(8) - A(6bmin)/ A(8)] x 100.

Through the trolox reference curve, the antioxi-
dant capacity is expressed in trolox equivalents.

Trolox solution: 0.0250g of trolox is dissolved in
90ml of methanol and 10ml of deionized water.

For the standard reference curve, a Trolox solu-
tion with a concentration of 2mM (solution A) is
prepared.

In 10 ml volumetric flasks, the corresponding
amounts of 8, 6, 4, 2 ml of solution A are added and
the volume is made up with pure methanol.
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Scheme 6. Standard reference curve with trolox for the ABTS method

Red wine with ABTS method
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Scheme 7. Final results (after 1500 hours) of red wine with 1) resveratrol, 2) vitamin C, 3) vitamin E,

4) vitamin A, for the ABTS method

2.2.3 Measurement phenolic compounds by
the Folin-Ciocalteau method

2.2.3.1 Anhydrous Sodium Carbonate Solution:
The scale is set to zero with the beaker to be used
and with the help of a special spatula, 50.00g of an-
hydrous sodium carbonate is added to it, which is

dissolved in deionized water using very mild heat-
ing and simultaneous stirring. Once dissolved, it is
placed in a 250ml volumetric bottle and the bottle is
filled with deionized water up to the mark. It is then
left at room temperature and in the absence of light
for 24 hours. Then by using filter paper the content
is filtered and not diluted. The solution can be used

17
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Scheme 8. Final results (after 1500 hours) of white wine with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the ABTS method
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Scheme 9. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the ABTS method
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Tsipouro with ABTS method

VITA
S
o
=
< VITE
x
o
0
e wvitc
'_
oo
S
RES
0 10 20 30

40 50 60 80

Concentration (mg/ml)

Scheme 10. Final results (after 1500 hours) of tsipouro with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the ABTS method

immediately after its preparation. It keeps for many
days'ét’.

2.2.3.2 Folin-Ciocalteu solution:

Folin-Ciocalteu solution is commercially available,
not prepared by us.

2.2.3.3 Gallic Acid Solution:

The balance is set to zero with the beaker to be
used and 0.50g of gallic acid is added to it with the
help of a special spatula. These are dissolved in 90ml
deionized water and the solution is transferred to
a 100ml volumetric flask and made up to the mark
with ethanol (10ml). The solution stays for two
weeks.

2.2.3.4 Dilution of samples:

The initial concentration of the substances is 300
mg in 1000 ml of alcoholic beverage. At a specified
time, an amount of samples was taken, diluted and
then measured. Red wine was diluted 100pl of red
wine in 99.9ml of deionized new, rosé wine was di-
luted with 100pl of rosé wine in 49.9ml of deionized
water. White wine was diluted with 100ul of white

wine in 49.9ml of deionized water and tsipouro was
diluted with 100pl of tsipouro in 24ml of deionized
water.

2.2.3.5 Experiment procedure

20pl of sample (standard or sample) and 1450ul
of deionized water are added to an eppendorf and
100pl with the help of pipettes. We vigorously stir
for 30sec in the vortex and let it rest for 8 minutes,
add 300ul of anhydrous sodium carbonate and again
vigorously stir for 30sec in the vortex.

We place the sample in the wells and cover them
with parafilm and place them for 30 minutes in the
water bath at 400C. As soon as they acquire a blue
color and have returned to room temperature, spec-
trophotometer at 750nm. The spectrophotometer is
zeroed with deionized water.

Phenolics are expressed through the reference
curve in gallic acid.

Gallic Acid Solution: 0.50g gallic acid is dissolved
in 90ml deionized water and 10ml ethanol.

19
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Scheme 11. Standard reference curve with gallic acid for the FC method

Red wine with FC method
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Scheme 12. Final results (after 1500 hours) of red wine with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the FC method
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Scheme 13. Final results (after 1500 hours) of white wine with Resveratrol (RES), Viatmin C (VITC),
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Scheme 14. Final results (after 1500 hours) of pink wine with Resveratrol (RES), Viatmin C (VITC),

Vitamin E (VITE),Vitamin A (VITA), for the FC method
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Scheme 15. Final results (after 1500 hours) of tsipouro with Resveratrol (RES), Viatmin C (VITC),
Vitamin E (VITE),Vitamin A (VITA), for the FC method

A gallic acid solution (solution A) is prepared for
the standard reference curve.

In 10 ml volumetric flasks, add the proportional
amounts of 2.5/2.0/1.5/1.0/0.5 ml of solution A and
make up the volume with deionized water.

3. Results and discussion

The same treatment and the measurement of their
antioxidant activity were applied to all samples.

However, each method applied (DPPH, ABTS, Fo-
lin-Ciocalteu) has a different photometric response
from the samples, while the dilutions made were
found experimentally and applied for each sample
separately.

3.1 Evaluation of DPPH radical scavenging ca-
pacity of wine and tsipouro samples

Assessment of the DPPH radical scavenging ca-
pacity of samples of vitamins A, E, C and resveratrol
is a method widely used to assess the antioxidant
capacity of samples of plant origin. To estimate the
antiradical capacity of the samples, mg Trolox equiv-
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alents per 100ml of solution were calculated based
on a standard Trolox curve.

Based on the diagram above, we notice that all four
substances we added to the wine had positive effects.
More specifically, resveratrol gives the best rates of
antioxidant capacity based on the reference curve
and trolox equivalents, 65.77mg/100 ml of solution,
followed by vitamins C, A, and E, whose results are
55.99mg/100 ml of solution 56.24mg /100ml of
solution 56.57mg/100ml of solution.

Based on the diagram above, we notice that all four
substances we added to the wine had positive effects.
More specifically, resveratrol gives the best rates of
antioxidant capacity based on the reference curve
and trolox equivalents, 33.60mg/100 ml of solution,
followed by vitamin C with 31.90mg/100 ml of solu-
tion, vitamin A with 31.75mg/ 100ml of solution and
finally vitamin E 30.00mg/100ml of solution.

Based on the diagram above, we notice that all
four substances we added to the wine had positive
effects. More specifically, vitamin C gives the best
rates of antioxidant capacity based on the reference
curve and trolox equivalents, 46.99mg/100 ml of
solution, followed by the sample with resveratrol
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with 43.02mg/100 ml of solution and vitamin E with
42.67mg/100ml of solution which give very good re-
sults and finally vitamin A with 34.01mg/100ml of
solution whose results are also satisfactory.

Based on the diagram above, we notice that all four
substances we added to the wine had positive effects.
More specifically, vitamin E gives the best rates of an-
tioxidant capacity based on the reference curve and
trolox equivalents, 24.46mg/100ml of solution, fol-
lowed by resveratrol with 21.31mg/100ml of solu-
tion, vitamin A with 17.35mg/100ml solution and
finally vitamin C with 15.66mg/100ml of solution.

3.2 Estimation of ABTS free radical scavenging
of wine and tsipouro samples

An estimate of the antioxidant capacity of the
studied samples is given by means of the ABTS+ rad-
ical inhibition test. The results are expressed as mg
trolox equivalents per 100ml of solution and with
the percentages of root inhibition from each sample.
The concentration of the samples is calculated using
a trolox standard curve.

Based on the diagram above, we notice that all
four substances we added to the wine had positive
results and their values are all very close. More spe-
cifically, resveratrol with 76.16mg/100ml of solu-
tion is followed by vitamin C with 74.90mg/100ml
of solution, next is vitamin A 74.15mg/100ml of
solution and finally vitamin E with 74.05mg/100ml
of solution.

Based on the diagram above, we notice that all
four substances we added to the wine had positive
results and their values are all very close. More spe-
cifically, resveratrol with 70.82mg/100ml of solu-
tion is followed by vitamin C with 70.57mg/100ml
of solution, next is vitamin A 70.28mg/100ml of
solution and finally vitamin E with 57.28mg/100ml
of solution.

Based on the diagram above, we notice that all four
substances we added to the wine had positive results
and their values are all very close. More specifically,
resveratrol with 70.28mg/100ml of solution is fol-
lowed by vitamin C with 69.93mg/100ml of solution,
next is vitamin E 69.91mg/100ml of solution and fi-
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nally vitamin A with 69.90mg/100ml of solution.

Based on the diagram above, we notice that all
four substances we added to the wine had positive
results and their values are all very close. More spe-
cifically, vitamin E with 72.28mg/100ml of solution
is followed by vitamin A with 70.57mg/100ml of
solution, next is resveratrol with 70.48mg/100ml of
solution and finally vitamin C with 60.28mg/100ml
of solution.

3.3 Calculation of the total phenolic compo-
nents (Total Phenolic Content, TPC) determined
by the FOLIN-CIOCALTEU method

The estimation of the total phenolic content was
done with the Folin-Ciocalteu method. To extract the
results, the standard curve is constructed graphical-
ly, through which the concentration of the phenolic
components of the samples is calculated, expressed
in gallic acid equivalents (Gallic Acid Equivalents,
GAE).

Based on the diagram above, we notice that all four
substances we added to the wine had positive results
and their values are all close. More specifically, the
largest amount is resveratrol with 48.1mg, followed
by vitamin E with 45.9mg, next is vitamin A 43.9mg
and finally vitamin C with 39.5mg.

Based on the diagram above, we notice that all four
substances we added to the wine had positive results
and their values are all close. More specifically, the
largest amount is vitamin E with 41.7mg, followed
by resveratrol with 39.9mg, next is vitamin A 37.9mg
and finally vitamin C with 37.5mg.

Based on the diagram above, we notice that all
four substances we added to the wine had positive
results and their values are all close. More specifical-
ly, resveratrol has the largest amount with 45.5mg,
followed by vitamin C with 43.4mg, next is vitamin A
38.2mg and finally vitamin E with 37.3mg.

Based on the diagram above, we notice that all four
substances we added to the wine had positive re-
sults and their values are all close. More specifically,
resveratrol has the largest amount with 43.5mg, fol-
lowed by vitamin E with 37.9mg, the next is vitamin
C 36.7mg and finally vitamin A with 35mg.
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3.4 Organoleptic test

The organoleptic evaluation was done by 22 peo-
ple aged 18 to 30, 12 women and 10 men. Based on
their evaluations, we have the following results.

The color in all four complexes that have been
produced, when we integrated them into the wines
and the tsipouro has not changed at all.

The aroma in all four complexes that have been
produced, when we incorporated them into the
wines and the tsipouro did not affect it at all.

Finally, the taste of all four complexes that have
been produced, when we integrated them into the
wines and the tsipouro, has not been affected at all.

All of the above applies to all the concentrations
we have placed in wines and tsipouro.

From the above, it follows that the wines and
tsipouro produced at the end can be accepted by
consumers, since their organoleptic characteristics
have not undergone any changes.

4., Conclusions

The recorded results are the final ones after 1500
hours of experiments. We notice that with the DPPH
and ABTS methods red, white and rosé wine as well
as tsipouro with the addition of the four substances
that are resveratrol, vitamin C, vitamin E and vita-
min A show us that the increase has been achieved
of their antioxidant capacity.

In more detail we see that there are increases in
white wine, rosé and red wine for all four substances
incorporated. The darker red and rosé wines show a
greater increase in antioxidant capacity than white
wine and tsipouro. The positive effect of the four
substances included in them in terms of increasing
their antioxidant property is proven.

Total phenolics were measured by the Folin Cio-
calteu method. The increase of phenolics was also
observed and we see that the results are the same
as those of antioxidants, the highest percentages are
observed in red wines, followed by rosés and then
whites and tsipouros. Darker wines also show a
greater increase than white wine and tsipouro.

The correlation of the results for the total pheno-
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lics of the wine and its antioxidant capacity is high.

It is also observed that between the two antioxi-
dant methods dppi and avcs the results have a very
high correlation.

It should also be mentioned that the wines and
the tsipouro have not undergone oxidation during
the experiment or any other alteration because the
experiment was completed in a relatively short
time after the incorporation of the substances and
with great care so that they did not come into con-
tact with the air, protected from the light and at an
appropriate temperature (ambient temperatures).

Red wine has the largest percentage increase in
all three methods, followed by rosé, white wine and
tsipouro. The results of the DPPH and ABTS meth-
ods are identical, which means that the results are
correct, as are the results of the Folin Ciocalteu
method. Finally, from the organoleptic control it
appears that the final products are of high quality
and absolutely safe and stable and suitable for con-
sumption by consumers.
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glucosidase, molecular Type 2 diabetes mellitus is a severe and increasingly prevalent disease
docking approach, FlexX, that is considered as a serious public health. The purpose of this study
drug likeness properties. was to identify novel and more efficient alpha glucosidase inhibitors us-
ing molecular docking approach and to determine the mode of interac-

tion during the binding of those inhibitors to the enzyme.
The molecular docking method using the active site of alpha glucosi-
dase and the drug likeness prediction were successful in identifying
ARTICLE INFO: new products that were predicted to have a high negative binding en-
Received: April 5, 2023 ergy to the target protein compare to the reference drug, acarbose.
Revised: October 31, 2023 The compounds 6-0-[4-0-[4-[[(1S)-4beta,5alpha,6beta-Trihydroxy-
Accepted: November 3, 2023 3-(hydroxymethyl)-2-cyclo-hexene-1beta-yl]Jamino]-4,6-dideoxy-al-
Available on line: March 20, 2024 pha-D-glucopyranosyl]-alpha-D-glucopyrano-syl]-L-ascorbic acid

(CID101184779) and methyl alpha-R-acarviosinide (CID102067844)
are the best, they showed excellent in silico activity with energy inter-
CORRESPONDING action of -49.1218 kJ/mol and -45.8468 k]/mol respectively. The inter-

AUTHOR: actions that govern the complexes alpha glucosidase-proposed prod-
Amina Merzoug. ucts stability are principally hydrogen bonds. These compounds were
E-mail: amerzouk@centre-univ-mila.dz predicted to have satisfying drug likeness properties, they can serve as

leads for further type 2 diabetes treatment.
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1. Introduction

Type 2 diabetes is a major public health problem
worldwide. Current World Health Organization
statistics indicate that this disease will affect 642
million people by the year 20403, Persistently high
blood sugar levels can lead to severe complications,
like blindness, kidney failure, neuropathy, heart
attacks and lower-extremity amputation®®.

Treatment of type 2 diabetes involves diet and
physical activity along with lowering of blood
sugar®!!, Essential medications listed by World
Health Organization to treat this disease and its
complications are sulfonylureas and biguanides®'.
Those treatments simulate insulin secretion even
at hypoglycaemia. In contrast, alpha glucosidase
inhibitors retard the absorption of glucose and
decrease the postprandial blood glucose levels by
delaying the digestion of carbohydrates that are
transformed into simple sugars and absorbed by
the intestines!*'®. Therefore, the alpha glucosidase
inhibitors can be developed into effective therapeutic
drugs to treat this disease.

The purpose of this study was to analyze the
interactions involved in the inhibition of the alpha
glucosidase by the acarbose, the first approved drug
in alpha-glucosidase inhibitor!’?°, and a collection
of its analogues by means of applying the molecular
docking method followed by a computational drug
likeness prediction, with a view to discover novel and
more efficient alpha glucosidase inhibitors as new
antidiabetic agents.

2. Materials and methods

Molecular docking approach has become an
essential tool for drug development?'2% It can be
used to screen the interactions between a variety
of small compounds and proteins at the atomic
level?*?>, which allow to characterize the behavior
of small compounds in the binding site of target
proteins?¢-28,

2.1. Program used
between

Affinity and binding interactions
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ligands and target proteins play an important
role in bioactive compounds’ discovery?®2°. FlexX
is a fast calculation program suited for molecular
docking (https://www.biosolveit.de/). It is able
to dock ligands in an environment consisting of
amino acids with good accuracy®'?2 The resulting
poses were given as a binding free energy (AG, k]/
mol).

2.2. Molecular structures preparation

In this study we selected the alpha glucosidase
as target; its three dimensional structure was
retrieved from the Protein Data Bank (PDB ID:
3W37)3%. This enzyme has one chain. In the
structure preparation, the co-crystal inhibitor
(acarbose) was used to identify the active site.
The amino acids Asp232, 1le233, Ala234, Ser235,
Phe236, Asn237, Leu240, Tyr243, Cys327, Arg328,
Trp329, Asp357, 11e358, 11e396, Asp398, Trp432,
Trp467, Asp469, Met470, Glu472, Ser474, Phe476,
Arg552, Trp565, Gly567, Asp568, Asn569, Asp597,
Phe601, Ala602, Arg624, His626, Ser627, Ala628
and four water molecules (HOH1117, HOH1166,
HOH1171 and HOH1324) were found to be present
in the ligand-binding site of the proposed target
protein.

The three dimensional structures of 239 analogues
compounds to acarbose, a potent alpha glucosidase
inhibitor!”!®, were downloaded in the SDF file format
from PubChem database (https://pubchem.ncbi.
nlm.nih.gov/), an open chemistry library.

2.3. Drug Likeness and Toxicity Prediction

The physico-chemical and pharmacokinetic
properties of the best alpha glucosidase inhibitors
obtained in the molecular docking study were
predicted using SwissADME at http://www.
swissadme.ch/ and PreADMET at https://
preadmet.bmdrc.kr/. These properties consist
of Lipinski’s rule, gastrointestinal absorption
(GI), blood-brain barrier permeability (BBB),
Cytochrome P450 (CYP) inhibition, cell
permeability (COCA-2) [34,35] and toxicity3%%".
The same proprieties of acarbose, the reference
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Figure 1. Overlay of co-crystal ligand PZF conformation extracted from 2QJR (in grey) with the best
predicted pose (in green) (RMSD = 0.4886 A).

inhibitor, were also studied for comparison.
3. Results and discussion
3.1. Test the reliability of the FlexX protocol.

Before starting molecular docking study of
alpha glucosidase-inhibitors, the performance of
FlexX protocol was validated by calculating the
Root Mean Square Deviation (RMSD) value of 100
complexes protein-ligand crystal structures from
PDB.Itis ametric that measures distances between
the experimental and the docking conformations
of a ligand. The predicted interacting mode was
considered correct if the RMSD was < 24384, In our
results, FlexX reproduced well the experimental
data. Indeed, 74 % of RMSD values were less than
24 (Table 1) which indicates the capacity of the
FlexX protocol to reproduce the interaction mode
and orientation of a co-crystal ligand3®3942,

For example, Figure 1 shows that there was a
negligible deviation between docked pose (colored
in green) and experimental conformation (colored in
grey) of the ligand PZF from the complex 2QJR in the
PDB.

3.2. Interactions between the
glucosidase and the acarbose.

alpha

Acarbose is an alpha glucosidase inhibitor used

for the management of glycemic control in patients
with type 2 diabetes mellitus!’'8,

Interesting interactions were detected between
alpha glucosidase residues and acarbose with
high number of matches (16 matches) and high
interaction energies values (-51.0329 kJ/mol of the
matched interacting groups, -11.0899 kJ/mol of the
lipophilic contact area and -13.7975 kJ/mol of the
lipophilic-hydrophilic contact area), but the effect of
rotatable bonds has been carried out, they decreases
the total score of the docking solution to -36.9770 k] /
mol. The interactions are represented in the figure 2.

The hydrophobic and hydrogen bonds play
very important roles in the interactions between
acarbose and alpha glucosidase®*?, which were
confirmed sufficiently by molecular docking
(Figure 2).

Acarbose makes several hydrogen bonds with
amino acid residues (Asp232, Ala234, Asn237,
Asp357, Arg552, Asp568, His626) and water
molecules (HOH1117, HOH1324) of the binding
pocket. In particular, the hydroxyl functions are
involved in twelve hydrogen bonds. The visual
analysis shows that the acarbose is well placed in
the active site of the enzyme.

3.3. Highlighting new alpha glucosidase-
inhibitors.

In order to find new and more effective inhibitors
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Table 1. List of 100 complexes protein-ligand used to test the reliability of the docking protocol.

Code RMSD (A) | Code RMSD (A)
1IN1M 0.8030 3U7K 1.0179
1RWQ 1.6348 3SW8 2.0223
1X70 1.5342 2JID 0.8598
21IT 3.8011 4XPP 0.2931
2GBI 2.0103 20GZ 0.8708
2HHA 1.3248 20LE 2.7875
211V 2.2418 20PH 1.8343
3HAC 0.6211 3KWF 0.9773
3HAB 0.9496 3KWJ 0.6746
3E3U 1.2365 3NOX 4.5824
5IED 0.3611 4DTC 1.1580
2EVC 2.7772 4)3] 2.8476
3W2T 2.7145 5CWX 1.5747
3WQH 6.9625 1G2A 0.9587
2P98 0.5356 2A17 1.5942
2P99 0.7963 4PV7 1.4821
2P9A 2.3450 SIEE 0.3061
2Q92 4.9934 1XNZ 0.9027
2Q93 0.6113 2EVM 0.4550
2Q94 1.2446 2EVO 1.9830
2Q95 1.8514 47Z7M 2.7377
2Q96 2.0087 5Y0I 0.9888
3D27 1.3443 5YPD 1.0600
5YOH 2.4179 SYXF 1.2702
1IX1 1.1419 5IED 0.3611

of alpha glucosidase enzyme, we had taken
compound acarbose as starting structure and we
performed the molecular docking of a collection of
239 acarbose analogues from PubChem database
using FlexX. The results are presented below in
Table 2.

The results of the simulation by FlexX of the
compound acarbose and its similar are presented
in Table 2. In 46 cases, the binding energy of the

30

Code RMSD (A) | Code RMSD (A)
20QV 2.5090 2RIP 0.8829
2P8S 1.7092 3K6L 0.8551
2QJR 0.4886 3C43 1.6716
2QOE 0.9268 3C45 1.8198
2QT9 1.0875 3DA4L 0.5575
2QTB 1.1471 3EIO 0.8963
2RGU 2.4373 3F8S 3.2153
3Q8W 1.8931 3SWW 4.8521
3Q0T 5.2147 35X4 49621
3QBJ 0.6197 3VJK 0.7595
5J3] 0.7802 10BB 3.3599
5Y7H 1.9666 SIEF 0.8339
5ZID 0.8169 7KRY 3.7367
5CX0 1.2762 7JTY 1.4977
6DVV 2.6990 7K90 3.0306
2FH6 0.4470 1QXW 1.4071
2JKP 2.9075 1QXY 1.0411
1WKM 1.6527 1YVM 1.6479
2GU4 5.7783 2P98 0.5356
2GU5 1.1365 2GU6 0.8152
1LRU 1.0040 4E9A 0.8025
1LRY 1.1355 3U7N 1.2291
1Q1Y 2.7251 5CY8 0.8709
2AI8 1.8357 3U7L 1.3475
2AIE 49591 3004 0.9670

compounds acarbose derivatives was increased.
Of the 239 inhibitors tested, the similar 6-0-[4-
O-[4-[[(1S)-4beta,5alpha,6beta-Trihydroxy-3-
(hydroxymethyl)-2-cyclohexene-1beta-yl]amino]-
4,6-dideoxy-alpha-D-glucopyranosyl]-alpha-D-
glucopyranosyl]-L-ascorbic acid (CID101184779)
forms the most stable complex alpha glucosidase-
inhibitor and had the best inhibitory effect with a
binding energy value of -49.1218 k] /mol, followed
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Figure 2. Docking result for compound acarbose. Hydrogen bonding is represented by dotted lines and

hydrophobic interactions are represented by green lines.

Table 2. FlexX score of 239 acarbose derivatives in alpha glucosidase binding site.

PubChem ID AG PubChem ID AG PubChem ID
(kJ/mol) (kJ/mol)

Acarbose -36.9770 CID156617917 -35.7313 CID90904637
CID163058885 -26.9460 CID156616906 -37.3103 CID90744171
CID101101475 -30.5559 CID156616596 -34.7068 CID90448344
CID70682078 -35.8019 CID156616595 -40.0248 CID90304936

CID197426 -31.0900 CID154702964 -28.8911 CID90304934
CID127767 -18.5236 CID163048502 -18.0257 CID89388686
CID131875583 -35.3560 CID154925673 -35.8364 CID89388654
CID101998608 -15.0282 CID141618198 -28.5518 CID87990761
CID86583399 -18.1523 CID134969637 -40.2381 CID78225312
CID449165 -14.4176 CID129837378 -34.7273 CID78225164
CID449164 -42.3869 CID125462883 -27.6094 CID73265284
CID163094043 -36.3991 CID122706040 -21.3319 CID71167118
CID145948806 -21.9028 CID122627482 -34.7818 CID71167117
CID131881950 -34.7627 CID9811704 -30.8392 CID71167116

AG

(kJ/mol)
-30.6920
-34.9396
-18.6382
-40.3799
-32.3249
-35.9863

-30.8778
-36.7845
-20.3393
-26.4104
-26.7620
-28.7956
-32.1001
-35.8606
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Table 2, continued.

CID100966752 -40.4070 CID3068765 -33.1258 CID71167077 -34.5229
CID70692640 -31.9477 CID90659860 -7.1240 CID71167075 -44.1107
CID131864693 -37.5345 CID46936908 -26.7290 CID71104404 -32.1565
CID70690487 -30.3509 CID160278855 -22.4250 CID71095954 -42.6304
CID70684192 -40.9240 CID162996640 -17.0996 CID71095952 -38.2795
CID66563683 -26.8012 CID121353418 -36.1876 CID66769438 -36.4586
CID46936699 -22.2351 CID91860852 -17.1377 CID145710693 -23.1081
CID46936518 -21.3846 CID91858193 -5.7402 CID147207264 -30.3563
CID46936324 -31.7483 CID91820480 -11.5324 CID68920480 -21.2490
CID17753825 -35.3533 CID91242099 -40.2636 CID68920478 -18.2420
CID5288404 -23.5093 CID91144966 -28.1567 CID68253726 -36.4393

CID444440 -40.8956 CID91109839 -30.5945 CID68023871 -25.3597
CID58960848 -23.6526 CID90995832 -39.9008 CID67969547 -38.1910
CID156618806 -36.3284 CID90941376 -34.3737 CID67718293 -36.4586
CID156618023 -29.6143 CID90928298 -31.1913 CID102033884 -14.1910
CID67363027 -35.4586 CID60040995 -21.9217 CID58618606 -42.2921
CID66769873 -35.4586 CID59701768 -31.2850 CID58618603 -23.6526
CID145710463 -26.9481 CID59701767 -21.3149 CID58618601 -27.5662
CID163058886 -21.1187 CID59366485 -21.9448 CID58618596 -37.9530
CID60041231 -25.4010 CID59366481 -24.4032 CID58618589 -18.6287
CID60041190 -26.3186 CID59366479 -23.9237 CID58618572 -37.2868
CID60041176 -24.0122 CID58960860 -28.2377 CID58618562 -19.2673
CID60041167 -32.5352 CID58960858 -20.6360 CID58618561 -30.7750
CID60041164 -26.4273 CID58960857 -21.7995 CID58618553 -37.6301
CID60041160 -25.3650 CID58960855 -23.6526 CID56672287 -28.5771
CID60041132 -21.3145 CID58960848 -23.6526 CID56668330 -31.0523
CID60041127 -26.0933 CID58960819 -21.5995 CID53386870 -28.7740
CID60041087 -36.5397 CID58960799 -18.9084 CID53386869 -28.4502
CID60041086 -43.4855 CID58618651 -37.2868 CID44629528 -34.9810
CID60041081 -31.7923 CID58618640 -18.8126 CID22800533 -37.2351
CID60041079 -32.5352 CID58618637 -20.6360 CID16052760 -35.3875
CID60041059 -21.9217 CID58618631 -27.3690 CID16040286 -39.0805
CID60041050 -36.7275 CID58618626 -21.5995 CID10689257 -28.2871
CID60041046 -25.0058 CID58618622 -21.6850 CID10403776 -40.0907
CID60041031 -21.6653 CID58618613 -25.9726 CID10042676 -40.0907
CID60041017 -26.4273 CID58618611 -31.2175 CID5288403 -22.1023
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Table 2, continued.

CID17754036 -21.8558 CID10614514 -30.7789 CID5288026 -43.8635
CID24830935 -7.7636 CID10627975 -25.5630 CID508375 -37.7810
CID24838414 -27.8225 CID10699545 -21.7142 CID448897 -40.9984
CID24971174 -38.1214 CID10770622 -24.5315 CID131704236 -42.3437
CID24971175 -40.6866 CID10815496 -38.6004 CID71604313 -23.6446
CID44561541 -36.6705 CID10883911 -26.5026 CID11968287 -27.6857
CID44891366 -37.7887 CID10927511 -23.7673 CID6852184 -26.1927
CID162984345 -27.7169 CID11215971 -11.5718 CID5287619 -41.6100
CID71421398 -16.1345 CID11779734 -32.9689 CID6917714 -22.8783
CID71481137 -36.7845 CID15144126 -22.7792 CID10055145 -33.4036
CID86301314 -379690 CID16052281 -32.9757 CID10070575 -15.4437
CID145710311 -23.6518 CID16052698 -34.0885 CID10085441 -34.7771
CID101005739 -42.3562 CID16052758 -39.8965 CID10258648 -23.5093
CID101184779 -49.1218 CID16057149 -35.3453 CID10381259 -30.5072
CID101184780 -39.3917 CID17753784 -24.3898 CID10403576 -33.1620
CID101343159 -11.7729 CID102404198 -30.7741 CID124905289 -30.3500
CID101343160 -14.7926 CID123133965 -21.0297 CID124905290 -18.1466
CID101343161 -0.6826 CID124710649 -26.8337 CID124905291 -20.0139
CID101343162 -31.1617 CID124710650 -13.7721 CID124905292 -29.1262
CID101343187 -26.4987 CID124710651 -17.2084 CID125462881 -15.0188
CID101343186 -24.0976 CID124710652 -19.7047 CID125462882 -19.1447
CID101343188 -23.9467 CID124744956 -23.0840 CID129539594 -37.6209
CID101343189 -24.5242 CID124744957 -13.7444 CID131632341 -27.7984
CID101596220 -25.5137 CID124744958 -18.3537 CID131707781 -22.3363
CID101596222 -28.7158 CID124744959 -17.5877 CID133636855 -7.5949
CID101748926 -40.8966 CID124903813 -14.0809 CID135121324 -42.9584
CID67372326 -36.4586 CID67372326 -36.4586 CID155294159 -24.4231
CID102067844 -45.8468 CID124903815 -16.7551 CID155294158 -37.3671
CID102355258 -37.1846 CID124903816 -28.1159 CID163099876 -10.4117
CID135121325 -40.5062 CID162926268 -18.4994 CID163285270 -21.4077
CID145710289 -26.8257 CID162955693 -30.9855 CID90659861 -15.0282

by compound methyl alpha-R-acarviosinide work was then undertaken to elucidate the
(CID102067844; AG =-45.8468 k]/mol) (Tables 2 mechanism of interaction of these two proposed
and 3). Hence, we propose that these compounds compounds.

can interact efficiently with the enzyme. Further A representative interacting mode of the
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Table 3. Docking scores of acarbose and the most promising alpha glucosidase inhibitors.

Compound Score Match Lipo Ambig Clash Rot # Match
Acarbose -36.9770 -51.0329 -11.0899 -13.7975  2.7434 | 30.8000 18
CID101184779 -49.1218 -66.3508  -10.6819 -16.6801  4.3910 30.8000 20
CID102067844 -45.8468 -49.6860 -8.3040 -8.9425 1.6858  14.0000 18

Score: Total score of the docking solution, Match: Contribution of the matched interacting groups, Lipo:
Contribution of the lipophilic contact area, Ambig: Contribution of the lipophilic-hydrophilic area, Clash:
Contribution of the clash penalty, Rot: Ligand conformational entropy score, # Match: Number of matches.

Table 4. The predicted pharmacokinetic and toxicity proprieties of the most promising compounds.

Properties Acarbose CID101184779 CID102067844
BBB penetration 0.0271005 0.0271294 0.0329973
GI absorption Low Low Low
CYP inhibitor None None None
COCA-2 9.44448 9.92867 18.8038
No; 3 violations: No; 3 violations:
MW>500, NorO>10, MW>500, Nor0>10,
Lipinski’s rule of 5 NHorOH>5 NHorOH>5 Yes

CR negative CR negative CR negative

Toxicity hERG_inhibition

ambiguous

hERG_inhibition hERG_inhibition

ambiguous low_risk

COCA-2: human colorectal carcinoma 2 cell permeability (nm/sec), MW: molecular weight, NorO: Number of
hydrogen bond acceptors, NHorOH: Number of hydrogen bond donors, hERG inhibition: human ether-ago-
go related gene channel inhibition, CR: carcinogenicity in rat

compounds CID101184779 and CID102067844
with the binding site of alpha glucosidase is given
in Figure 3. The figure 3 shows that the compounds
CID101184779 (a) and CID102067844 (b) fit well
into the binding pocket of the enzyme.

The FlexX software also helped to view the
number and type of interactions involved
in the CID101184779-alpha glucosidase,
CID102067844-alpha glucosidase and acarbose-
alpha glucosidase interactions. Interestingly, the
present study revealed that the hydrogen bonding
of CID101184779 with His626, Asp357, Asp568,

34

Arg552, Asp232, Asn237 and Ala234 is similar to
that of the binding orientation of acarbose in the
alpha glucosidase binding pocket (Figures 2 and
4). This effect suggests that it can have a similar
anti-diabetic propriety to acarbose.

Compounds CID102067844 and acarbose
showed deep links within the alpha glucosidase
binding pocket through their hydroxymethyl
cyclohexane and methyloxane fragments. In
addition, as acarbose, compound CID102067844,
also demonstrated hydrogen-bonding interactions
with Asp232, Asp357, Asp469, Arg552, Asp568
and His626 (Figures 2 and 5). These similarities in
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Figure 3. I[llustration of the positioning of compounds CID101184779 (a) and CID102067844 (b) in the

interacting site of alpha glucosidase.
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Figure 4: Visual analysis of the interaction between the compound CID101184779 and alpha glucosidase
binding site.

interaction of compound acarbose to the catalytic able to occupy the active site of alpha glucosidase
pocket with the present studied compound, and, hence, is involved in the inhibition of the
CID102067844, indicate that this compound is enzyme.
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Figure 5: Visual analysis of the interaction between the compound CID102067844 and alpha glucosidase

binding site.
Two hydrophobic pockets stabilize the to have low intestinal absorption and BBB
compounds acarbose, (CID101184779 and penetration like that of acarbose. Moreover, they
CID102067844 in the active site of alpha have high COCA-2 cell permeability, which insures

glucosidase. Moreover, hydrophobic interactions
are carried out with residues Trp329, Asp469,
Met470, Asp568 and Phe601 (Figures 2, 4 and 5).

3.4. Drug-likeness Prediction

In the subsequent part of our work, we verified
the pharmacokinetic and toxicity proprieties
of the most promising products (compounds
CID101184779 and C(CID102067844) using
SuissADME and PreADMET (Table 4). These
properties consist of their blood-brain barrier
(BBB) penetration, gastrointestinal absorption
(GI), Cytochrome P450 (CYP) inhibition, Lipinski’s
rule of 5 categorization, cell permeability (COCA-
2) and toxicity. The same parameters of acarbose
were also studied for comparison.

As indicated in Table 4, compounds
CID101184779 and CID102067844 are predicted

36

their in vivo usage. Furthermore, the studied
products do not inhibit CYP (essential enzymes
for the metabolism of numerous medicaments
in the liver). With no Lipinski’s rule of 5
violation, CID102067844 follow the criteria for
orally available drugs contrary to acarbose and
CID101184779. However, these two promising
compounds did not show potential toxicity, which
guarantees their use in vivo.

Conclusion

In the present study, we used molecular docking
approach to investigate the binding modes of a
series of 293 acarbose derivatives selected from
PubChem database with alpha glucosidase by the
docking program FlexX. This approach allowed
us to suggest products CID101184779 and
CID102067844 as potential new alpha glucosidase



Merzoug A. et al, apuakevtikn, 36,1, 2024 | 27-39

inhibitors. These two compounds were predicted
to have satisfying drug likeness properties,
indicating that they might be promising lead
compounds for further antidiabetic drug research.
Nevertheless, it remains to test these inhibitors
directly on our target, the alpha glucosidase. In
this sense, work is currently underway on these
two compounds as well as on many other acarbose
derivatives, in order to find new antidiabetic
agents.
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technology, excipients. Therefore, the aim of our work was to study the selection of excipients
in order to develop the composition and technology of medical spong-
es based on a material of biological origin - cryolyophilized xenoderm,
which has wide practical application in combustiology.
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1. Introduction

Medical sponges are popular medical tools, which
widely used in various fields of medicine to stop bleed-
ing and for close wound surface 2. At the technology
of medical sponges, can be used different polymeric
carriers, as well as, can be enter the active pharma-
ceutical ingredients with different pharmacological
action, which will determine the scope of possible
application of this tool **. Due to the pronounced he-
mostatic, antiseptic and absorption properties of the
medical sponges, they have a great practical impor-
tance in surgery and combustiology in particular *°.

Nowadays, the problem of treatment of burns is rel-
evant, as burn injuries are one of the most common
domestic and industrial injuries in the world. Despite
the introduction of new methods of treatment in med-
ical practice, the use of new drugs, the improvement
of existing drugs, the development of new tools for the
local treatment of burn injuries is still promising 7.

For the treatment of burns in Ukraine, the technolo-
gy of lyophilized xenodermoimplants has been devel-
oped and introduced into production, which approved
for use in medical institutions. Therefore, the use of
the powder of crushed xenoderm in the development
of the various types of dosage forms is relevant and
promising for today 2.

In the development of the composition of medical
sponges used water extract from the cryolyophilized
porcine powder (xenoderm) and chlorhexidine di-
gluconate, which is an internationally recognized an-
tiseptic that is widely used in surgery, dermatology,
urology, ophthalmology, otolaryngology and dentistry
9. Technological studies of the water extraction from
the xenoderm’s powder have been previously devel-
oped and studied, as evidenced by Patent of Ukraine
Ne 138600.

Therefore, the aim of the research was to study the
effect of excipients, the conditions of preparation of
water extract from the xenoderm powder on the tech-
nological parameters of medical sponges using the de-
sign of experiment.

During the analysis of literature data, it was found
that the development of medical sponges is a promis-
ing area of modern pharmaceutical technology. For the
design of the experiment Latin square 4x4 methodolo-
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gy was used, in order to theoretically and scientifically
substantiate the choice of the most optimal excipients.

2.Materials and methods

Active pharmaceutical ingredients: crushed sub-
strate of cryolyophilized xenoderm of the porcine skin
(LCC Institute of Biomedical Technologies, Ukraine)
and chlorhexidine digluconate solution 20 %, (Sig-
ma-Aldrich, USA). Among the excipients were studied:
medical gelatin (Sigma-Aldrich, USA), hydroxypropyl
cellulose (HPC) (Nisso Chemical Europe GmbH), hy-
droxypropyl methylcellulose-50 (HPMC-50) (Biogr-
und GmbH), methylcellulose-15 (MC-15) (Biogrund
GmbH), tween-80 (PJSC “Barva”) polyethylene gly-
col-400 (PEG-400) (PJSC “Barva”), propylene glycol
(BASF “Global”) and glycerin (BASF VG).

2.1Methodology

To study three factors with the same number of lev-
els, taking into account the design of the study, it is
most rational to use Latin square 4x4. When perform-
ing three-factor comparative experiments, symmetri-
cal orthogonal plans based on Latin squares are most
often used. » 112 The use of the Latin square 4x4
reduces the number of experiments by 4 times com-
pared to the full factorial experiment, so it is possible
to perform 16 series instead of 64. However, despite
the reduced number of experiments, the properties
and results of the fractional plan remain statistically
correct 13 1%

In our case, a linear model is adopted, Equation 1:

Y =Hto+ Bj+yk+res+Eijkm (D
Yijkm - denoting any observation for which,
X =,X,=j,X,= k. X, and X, are blocking factors, X, is
the primary factor.

denoting the general location parameter
denoting the effect for block i

denoting the effect for block j

denoting the effect for treatment k

res — dispersion sources, that are
not provided by the linear model.
km remainder (i, j, k =1,2,...,n), Eijkm [N(O, a?].

According to the general algorithm, the analysis of
experimental data was performed and the obtained
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results were discussed.

Also, when planning the study, it was decided to
choose the most optimal pharmaco-technological
indicators of the quality of medical sponges and de-
termine their value in accordance with the recom-
mendations of the world literature > '¢, because the
developed form is not pharmacopoeial, according to
SPU.

When planning a comprehensive study, it was
necessary to determine the sequence of stages of
the experiment and select the appropriate research
methods:

- to propose methods for determining pharma-
co-technological indicators for medical sponges in
accordance with the literature data and the require-
ments for this form;

- select excipients in order to study their effect on
the technological properties of sponges on the basis
of literature sources;

- develop the composition of experimental sam-
ples of sponges and then examine them for certain
quality indicators.

The design scheme of the experiment is shown in
Figure 1.

All studied excipients and the temperature re-
gimes for preparation of water extract from crushed
xenoderm powder were grouped into three main
groups (factors): polymers (factor A), plasticizers
(factor B), and temperature of preparation of water
extract from crushed xenoderm (factor C). The cor-
responding list of factors and their levels are pre-
sented in Table 1.

2.2.Procedure

On the pharmaceutical market, medical gelatin,
collagen, chitosan, and cellulose derivatives are most
often used to obtain medical sponges °. In this exper-
iment, we selected medical gelatin and cellulose de-
rivatives (HPC, HPMC, MC) for study, because spong-
es based on them are cost-effective, efficient, and
technologically simple. To date, there are no spong-
es of domestic production, obtained on the basis of
selected polymers (factor A). Selected plasticizers
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(factor B) were introduced to provide plasticity and
reduce the brittleness temperature, which improves
frostresistance and is necessary at the stage of freez-
ing the viscous mass to obtain sponges in liquid ni-
trogen before lyophilization. An important feature of
this experiment is the study of the influence of the
temperature of preparation of water extract from
crushed xenoderm powder (factor C) on the techno-
logical parameters of the obtained sponges. Previ-
ous studies have determined that the temperature of
preparation of water extract from crushed xenoderm
powder significantly affects the pharmaco-tech-
nological properties of the obtained water extract,
which at different production temperatures charac-
terized by different dynamic viscosity’. Under the
conditions of obtaining water extract from crushed
xenoderm powder at 20 °C, it was characterized by a
dynamic viscosity of 6.99+0.20 mPa*s and a density
0f 1.031+0.030 g/cm?; at 40 °C the dynamic viscosity
was 4.24+0.11 mPa*s, density 1.045+0.03 g/cm?.

Therefore, the temperature of preparation of wa-
ter extract from crushed xenoderm powder affects
its density, dynamic viscosity, the consistency of the
mass for the production of sponges, and in general
the porosity of the obtained sponges after lyophiliza-
tion. Moreover, on the basis of previously conducted
pharmacological studies, it was found that the water
extract prepared at different temperatures affects
the regeneration process on the model of aseptic
burns in animals '®'® Thus, the temperature of the
preparation of water extract from crushed xeno-
derm powder is an important condition in the devel-
opment of medical sponges based on it and therefore
selected as a factor C for research.

2.3.Preparation of medical sponge

Pre-prepared water extract from the xenoderm at
different temperatures (Levels of factor C) accord-
ing to the patent of Ukraine Ne 138600. In the xeno-
derm water extract (Levels of factor C), the polymers
(Levels of factor A) was left at 37 °C for swelling and
dissolution. Then the remainder of the xenoderm
water extract was added to the polymers solution by
parts, with constant stirring until foam formation. To
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Figure 1. Experimental design scheme

Table 1. Factors and their levels studied using the Latin square 4x4.

Factors Levels of factor
.~ medical gelatin
- hydroxypropyl cellulose (HPC)
A - Polymers 2
, — hydroxypropyl methylcellulose-50 (HPMC-50)
, — methylcellulose-15 (MC-15)
b, - tween-80
B - Plasticizers b, - polyethylene glycol-400 (PEG-400)
b, - glycerin
b, - propylene glycol
C - The temperature of c,-20°C
preparation of water extract from c,-30°C
crushed xenoderm powder (°C) ,—40°C
c,-50°C

prepared solutions of xenoderm water extract with
polymers, the plasticizers (Levels of factor B) were
added. To the resulting mixtures was added a 1 %
chlorhexidine digluconate solution. The mixtures
were foamed to form a stable foam that increased
2-3 times in volume. The resulting solution was
poured out into the cooled aluminum moulds and
left at temperature 20-22°C for 2-3 hours. Thereaf-
ter, the solutions were frozen in liquid nitrogen and
lyophilized during 18-20 h.

Developed experimental series of medical spong-
es in two replicates were evaluated on the following
indicators:

PH of water solutions of sponges. The pH val-
ues of the test samples were determined using a pH
meter pH 150-MI. All tests were performed at room
temperature. The pH meter was calibrated using
standard buffer solutions (Table 2).

Appearance of sponges. Medical sponges were
characterized by appearance, organoleptic prop-
erties (color, odor, consistency), as well as signs of
physical instability (delamination, fragility, density,
surface homogeneity). Appearance was assessed on
a five-point scale, proposing appropriate criteria for
each score (Table 2).

Determination of water absorption. To the
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Table 2. Experimental planning matrix and results of medical sponges' research

Series Factor pH Appearance, mark = Water absorption, %

number A B C y, y, y, y, y, y,
a, b, c, 6.5 6.8 5 5 962 950
a, b, c, 6.8 6.5 5 4 1179 1170
a b, c, 6.3 6.5 5 4 671 665
a, b, c, 6.5 6.9 5 5 1344 1350
a, b, c, 7.6 7.4 4 3 401 405
a, b, c, 7.1 6.9 3 3 222 220
a, b, c, 6.4 6.5 5 4 526 521
a, b, c, 7.2 7.1 3 3 270 272
a, b, c, 7.5 7.2 5 4 785 790
a, b, c, 6.9 6.8 5 5 248 245
a, b, c, 7.1 7.5 5 5 328 325
a, b, c, 7.0 7.1 5 4 183 188
a, b, c, 6.5 7.0 4 4 177 175
a, b, c, 7.3 7.1 4 4 135 132
a, b, c, 6.6 6.7 1 1 83 85
a, b, c, 6.9 7.2 3 2 15 18

Table 3 .Experimental planning matrix and results of medical sponges’ research

Series Time of complete Thickness,cm | Weightloss during = Desirability function
number dissolution, min drying, %
Y, v, Ys Vs Y v, D D’
4320 4380 0.5 0.6 0.12 0.18 0.147 0.189
4200 4380 0.6 0.6 0.30 0.40 0.205 0.193
3600 3720 0.6 0.7 2.0 2.50 0.12 0.121
4380 4400 0.7 0.6 0.40 0.44 0.229 0.214
60 90 0.4 0.4 2.53 3.02 0.0001 0.0001
180 190 0.4 0.4 1.25 1.45 0.00002 0.00003
600 720 0.4 0.4 0.42 0.48 0.0008 0.0009
180 210 0.3 0.3 4.80 4.90 0.00004 0.00006
540 600 0.7 0.7 6.53 6.55 0.007 0.007
30 30 0.6 0.6 0 0.05 0 0
30 45 0.6 0.6 1.01 1.07 0 0
55 55 0.7 0.7 0.14 0.16 0.0002 0.0002
3 5 0.6 0.6 2.45 2.55 0 0
10 10 0.6 0.6 2.0 2.10 0 0
10 10 0.3 0.3 1.75 1.95 0 0
10 10 0.5 0.6 8.52 8.67 0 0

Note. y!, y'': pH of the sponges of the first and second series of experiments, respectively. y? , y? : the appearance of
the sponges of the first and second series of experiments, respectively, ball. y* , y* : water absorption of sponges of the
first and second series of experiments, respectively, %. y*, y*": time of complete dissolution of the sponges of the first
and second series of experiments, respectively, min. y°, y* : the thickness of the sponges of the first and second series of
experiments, respectively, cm. y°, y*: weight loss during drying of the first and second series of experiments, respectively,
%.D, D’: the desirability function of the first and second series, respectively.
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flat-bottomed cup (preheated to 37+1 °C) added a
simulation solution containing 8.398 g/l sodium
chloride and 0.278 g/1 anhydrous calcium chloride
(the given proportion of ion content equal to the
amount in human serum). A piece of dry sponge 1x1
cm? (X ), pre-weighed, and immersed in a simulation
solution for 10 minutes. Then the sponge removing
and, after removing the surface moisture with filter
paper, weighed (X,)".
Water absorption (%) is calculated according to
Equation 2:

Water absorption (%) = (X,-X) / X, x 100% (2)

X, - the mass of the sponge before absorption;

X, - the mass of the sponge after absorption.

The results of the study are shown in table 2.

In vitro degradation of sponges. Degradation can
be determined by immersing a piece of sponge (1x1
cm?) in phosphate buffer solution (PBS) with pH 7.4
for 24 h. The tests carried out incubation chamber
(37 2C). After 24 hours, the sponge is re-dried and
the change in sponge mass is calculated. In vitro deg-
radation of sponges calculated by Equation 3:

In vitro degradation (%) = (X, - X)) / X x 100% (3)

X.- the final mass of the sponge after drying;

X_ - the initial mass of the sponge before immer-
sion.

After determining the percentage of In vitro degra-
dation of the sponges, the obtained percentages for 1
day of the experiment were re-calculated into hours
and determined the time of complete dissolution at
temperature 37 2C '8 The results of the study shown
in table 3.

The thickness of the sponges. It is known that the
greater the thickness of the sponge, the greater the
number of pores it holds. Thus, the thickness of the
sponge is directly proportional to the percentage of
moisture absorption and dissolution time. The thick-
ness of the sponges was measured using a thickness
gauge with an accuracy of 10 pm (Table 3).

Weight loss during drying. This indicator allows
assessing the condition of the sponges after lyo-
philization, namely the presence or absence of resid-
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ual moisture after lyophilization, as well as during
storage. The results of the study shown in Table 3.
Desirability function. In the presence of a large
number of indicators and the absence of clearly de-
fined priority levels of factors influencing the feed-
back, a generalized indicator (desirability function)
is used®, and all indicators are summarized into a
single quantitative feature. Desirability for one re-
sponse - d, and for many - D. The desirability scale
has an interval from 0 to 1, with zero desirability
values corresponding to the worst value of this indi-
cator, and the value of D=1 - the best value (Table 3).

Results and Discussion

The results of the research were subject to analysis
of variance according to the scheme of the Latin square
4x4.Medical sponges were obtained by lyophilization
according to the experimental plan shown in table 2.
The obtained sponges were examined according to
the following indicators: pH (y, y,’), appearance (y,,
y,), water absorption (y, y.'), time of complete dis-
solution (y, y,), thickness of sponges (y,, y.'), weight
loss during drying (y,, y,'). The results of the study of
these indicators are shown in tables 2, 3.

The obtained research results were subjected to
analysis of variance, the influence of factors was in-
vestigated by F-test. In cases where the experimental
value of the F-criterion was greater than the tabular
(F,05), it was concluded that the statistical signifi-
cance of the studied factor. To reflect the influence
of factors and their levels on the studied indicators,
ranked series of advantages were built. Qualitative
factors were arranged in the sequence of their influ-
ence on the studied indicator.

Analysis of variance of the obtained results showed
that polymers and plasticizers significantly affected
the pH (y1, y1’) of medical sponges, namely, the in-
fluence of factors illustrate the following advantages:
A > B > res (Table 4). The type of polymer (factor A)
shows the most significant effect on pH, a number of
advantages have the following form: HPMC-50 > HPC
> MC-15 > medical gelatin (Fig. 2).

The effect of factor B (type of plasticizer) on the pH
of medical sponges can be represented as follows:
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Table 4. Analysis of the results of the study of indicators of medical sponges’ research

()Y

Sourse

Factor A
Factor B
Factor C
Residual
Total

Factor A
Factor B
Factor C
Residual
Total

Factor A
Factor B
Factor C
Residual

Total

Factor A
Factor B
Factor C
Residual
Total

Factor A
Factor B
Factor C
Residual
Total

Factor A
Factor B
Factor C
Residual

Total

Factor A
Factor B
Factor C
Residual
Total

Degrees of
freedom

A W W w

Sum of squares

Mean squares

PH (v, y,)
1.308359 0.43612
0.600859 0.200286
0.207109 0.069036
1.186719 0.197786
3.859297 -
Appearance (y,, y,)
19.625 6.541667
2.125 0.708333
5.125 1.708333
10 1.666667
39.875 -
Water absorption (y, y,’)
3808964 1269655
143805.3 47935.08
615181.8 205060.6
344888.8 57481.46
4913060 -
Time of complete dissolution (y, y,’)
97212957 32404319
109329.6 36443.2
795652.1 265217.4
631644.2 105274
98785047 -
Thickness (y,, y.)
0.34965 0.11655
0.02865 0.00955
0.03265 0.010883
0.1058 0.017633
0.53675 -
Weight loss during drying (y,, y,")
35.77616 11.92539
36.38146 12.12715
10.03441 3.344803
102.1641 17.02735
184.6803 -
Desirability function (D, D’)
0.187065 0.062355
0.002783 0.000928
0.003242 0.001081
0.005522 0.00092
0.19968 -

F

test

12.54457
5.761049
1.985768
5.689139

34.88889
3.777778
9.111111
8.888889

92338.53
3486.188
14913.5
4180.47

14619.38
16.44154
119.6542
47.49495

93.24
7.64
8.706667
14.10667

588.6355
598.5946
165.099
840.4676

935.0306
13.91288
16.20408
13.80137

0,05

4.76
4.76
4.76
4.76

4.76
4.76
4.76
4.76

4.76
4.76
4.76
4.76

4.76
4.76
4.76
4.76

4.76
4.76
4.76
4.76

4.76
4.76
4.76
4.76

4.76
4.76
4.76
4.76
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MC-15 Medical Gelatin

Figure 2.The effect of polymers on the pH of solutions of medical sponges
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Figure 3.The effect of polymers on the appearance of medical sponges

tween-80 > propylene glycol > PEG-400 > glycerin.
Factor C, in this case, is statistically insignificant; the
change in the temperature of preparation of the wa-
ter extract from xenoderm powder does not affect
the pH value of the obtained medical sponges. The
value of res indicates that there is an interaction be-
tween the levels of the studied factors.

The study of the influence of the studied factors
showed, that two of the three studied factors influ-
ence the appearance (y2, y2’) of medical sponges: A

> C>res (Table 4). The ranked number of advantages
of the effect of polymer on the appearance of medical
sponges is as follows: medical gelatin > HPMC-50 >
HPC > MC-15 (Fig. 3).

The influence of the temperature of preparation of
water extract from crushed xenoderm powder (fac-
tor C) on the appearance of the obtained sponges can
be depicted as follows: 40 °C = 50 °C > 20 °C > 30 °C.
That is, the sponges, which used the temperature of
water extract from crushed xenoderm powder pre-
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HPC

MC-15

Figure 4. The effect of polymers on the water absorption of medical sponges
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Figure 5.The effect of polymers on the time of complete dissolution of medical sponges

pared at 40 °C, were the best in appearance - porous,
quite loose, soft and pliable.

The effects of the studied factors on the percentage
of water absorption (y3, y3’) are as follows: A > C >
res > B (Table 4). The highest percentage of water
absorption was observed when using medical gel-
atin (1036.4 %), which is almost three times high-
er than this value for sponges based on HPMC-50
(386.5 %) and HPC (354.6 %), and 10 times more,

48

than in sponges based on MC-15 (102.5 %) (Fig. 4).

The effect of the temperature of preparation of wa-
ter extract from crushed xenoderm powder (factor
C) on water absorption (%) can be represented by
the following ranked number of advantages: 40 °C
(697.80 %) > 30 °C (461.75 %) > 20 °C (380.01 %)
> 50 °C (340.37 %). The leader among plasticizers
in terms of impact on the rate of water absorption is
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Figure 6.The effect of polymers on the thickness of medical sponges
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Figure 7. The effect of plasticizers on weight loss during drying

tween-80, and the ranked number of advantages is
as follows: tween-80 > propylene glycol > PEG- 400
> glycerin.

The influence of factors on the time of complete
dissolution (y, y,’) of medical sponges illustrated as
follows: A > C > res >B (Table 4) (Fig. 5).

A number of advantages of factor A levels are as
follows: medical gelatin > HPC > HPMC-50 > MC-15,
sponges developed on the basis of medical gelatin
retain their framework and do not dissolve within 24
hours, the time of complete dissolution in the sim-

ulation solution - 70 hours (approximately 3 days),
which is an advantage over other studied polymers.

The ranked series of the influence of the tempera-
ture of the water extract from the xenoderm powder
(factor C) on the time of dissolution of the sponges is
as follows: 40 °C > 20 °C > 30 °C > 50 °C. Among the
studied plasticizers (factor B) the ranked number
of advantages has the following look: tween-80 >
propylene glycol > PEG-400 > glycerin.

Analysis of variance showed that the thickness of
the sponges (y., y.') is influenced by all the studied
factors: A> res> C> B (Table 4). However, the influ-
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Figure 8. Desirability function (appearance of sponges (y2), water absorption of sponges (y3), time of

complete dissolution of sponges (y4), thickness of sponges (y5))

ence of factor A (the type of polymer) on the thick-
ness of the sponges is the most significant, the best
value of this indicator is provided by HPMC-50 and
medical gelatin, when using them the thickness of
the sponges is 0.65 and 0.61 cm, respectively. When
using MC-15 and HPC, the thickness is 0.51 and 0.36
cm, respectively (Fig. 6).

The effect of the temperature of the water extract
from the xenoderm powder (factor C) on the thick-
ness of the sponges can be represented by the fol-
lowing advantages: 40 °C (0.58 cm) > 50 °C (0.52
cm) =20 °C (0.52 cm) > 30 °C (0.50 cm). The ranked
range of effects of plasticizers is as follows: tween-80
(0.56 cm) > propylene glycol (0.54 cm) > PEG-400
(0.53 cm) > glycerin (0.48 cm), and therefore can
conclude that the change in temperature and the
type of plasticizer have little effect on the thickness
of the sponges.

The influence of factors on the percentage of
weight loss during drying (y,, y,’) can be illustrated
by the following ranked number of advantages: B >

50

A >res > C (Table 4). Among the studied plasticizers,
the lowest values of the studied factor are provided
by PEG-400 (0.9 %), which has an advantage over
glycerin (1.3 %), tween-80 (2.9 %) and propylene
glycol (3.5 %) (Fig. 7).

For polymers, the ranked range is as follows: med-
ical gelatin (0.79 %) > HPMC-50 (1.90 %) > HPC
(2.30 %) > MC-15 (3.70 %). The effect of factor C can
be illustrated as follows: c,>c,>c,>c,.

The results of the conducted research made it pos-
sible to evaluate the influence of auxiliary substanc-
es and the temperature at which the aqueous extract
of xenoderm is prepared on the pharmaco-techno-
logical indicators of the quality of medical sponges.
Research data demonstrate a few advantages, which
makes it somewhat difficult to choose the optimal ex-
cipients for the next stage of research. Therefore, we
decided to use a generalized indicator - the desirabil-
ity function (table 3). At the same time, the primary
results of the selected indicators were converted
into dimensionless values using the function and the



Pavliuk et al, @apuakevtixn, 36, 1, 2024 | 40-52

generalized indicator D was calculated. The results
obtained using the desirability function are shown in
Table 3 (columns D and D’), the results of variance
analysis are shown in Table 4.

Analysis of variance showed that the influence of
factors on this indicator is as follows: A> C > B > res.
Comparison of the levels of factors A, C and B showed
that the best result of the desirability function was
obtained when using gelatin as a polymer (a, > a, >
a,> a,), propylene glycol as a plasticizer (b, >b, > b,
>b,) and 40 °C as the most optimal temperature of
the water extract from the xenoderm powder (c,>c,
>c,>c,).

Conclusion

Previously developed technology for obtaining
water extract from the xenoderm at different tem-
perature regimes and studied its rheological prop-
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terial and in Vivo Wound Healing Using Basella
Alba Ethanolic Stem Extract Ointment On Rats
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Basella alba; Antimi-
crobial activity; Agar well The present study was undertaken to determine the in vivo wound
diffusion method;Epithe- healing activity and in vitro antibacterial activity of Basella alba stem.
lialisationperiod;burn Wound healing activity was evaluated using burn wound model in rats.
wound model. Wound healing is a complex phenomenon which consists of three stages
that includes inflammatory,proliferative, and remodelling.Traditionally
Basella alba is used for wound healing. There is no specific scientific data
available for the wound healing activity of Basella alba stem. The wound
ARTICLE INFO: healing activity of Ethanolic Stem Extract of Basella alba was evaluated
Received: April 3, 2023 by burn wound models. The parameters studied includes the epitheli-
1rst revision: June 10, 2023 alisation period and rate of wound contraction. It also possess antibac-
2nd revision: August 31, 2023 terial activity. Ethanolic Stem Extractof Basella alba was tested against
Accepted: September, 9, 2023 both gram positive and gram negative bacteria using agar well diffusion
Available on line April 4, 2024: method. From the results, it was concluded that Ethanolic Stem Extract
of Basella alba has significant wound activity and antibacterial activity .

CORRESPONDING

AUTHOR:

G.V.N.Kiranmayi* INTRODUCTION
E-mail: kiranmayi54@gmail.com
7286863529 After injury, tissue healing process is initiated for the restoration of integri-
ty and function of damaged tissue in response to injury®.The inflammatory re-
sponse starts immediately after injury and the cells beneath the dermis begin
to raise collagen production to generate epithelial tissue. The process of wound
healing involves three phases which includeinflammation, proliferation and re-
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modelling. The inflammatory phase is associated with
pain, swelling, heat and redness at the wound site.
During proliferative phase,the wound is reconstituted
with collagen and granular tissue and is followed by
angiogenesis, epithelialisation, and wound contraction.
Angiogenesis is characterised by new blood vessels
formation from endothelial cells. In the formation of
extracellular matrix, collagen and fibronectin are ex-
creted from fibroblast. There upon griping the wound
edges by myofibroblasts would undergoes contraction
using a mechanism similar to that observed in smooth
muscle cells?

According to literature, many plants possess po-
tent wound healing activity?, since they contain
many bioactive compounds, such as polyphenols,
flavonoids and alkaloids

Phenolic compounds, possess potent antifungal,
antiviral and antibacterial activity*. Polyphenols have
special significance in the case of strains resistant to
antibiotics, such as Staphylococcus aureus resistant
to methicillin, Enterococci resistant to glycopeptide
antibiotics, vancomycin and pneumococci resis-
tant to B-lactams and macrolides, and Pseudomo-
nas aeruginosa with its defense mechanism against
phagocytic activity of polymorphonuclear leuco-
cytes®. Phenolic compounds as antioxidants plays an
important role in skin tissue repair mechanisms and
may be used in the treatment of various skin dam-
age, such as wounds and burns. In acute and chronic
wounds, they may accelerate the healing process and
promote proliferation of normal skin cells®.

Among phenolic compounds, flavonoids are isolat-
ed from a wide range of vascular plants, with over
8000 individual compounds known” . They possess
wide variety of activities such as antimicrobial®, an-
ti-oxidant® , anti-cancer!’, anti-inflammatory'! and
wound healing!. Flavonoids are essential bioactive
compounds found in our daily life in the form of
fruits and vegetables.There is a lot of resaerach that
shows the importance of flavonoids as a wound heal-
ing agent. A representative example are the flowers
of Ipomoea carnea which belong to the family Con-
volvulaceae. The bioactive compounds, isolated from
the flowers, such as Kaempferol, Kaempferol-3-0-f3-
D-glucoside confirm the wound healing activities on
all animal models*®. The role of flavonoids in wound
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healing is recently reviwedby Zulkefliet al'*.

Many alkaloids, an important class of bioactive
compounds present in plants, also cause an in-
creased rate of formation of epithelial cells thus
speeding up the re-epithelialization process which is
critical in wound healing. There is also the possibili-
ty that they accelerate angiogenesis.This will in turn
increase blood supply to the newly formed epithelial
cells and thus in effect cause an overall increase in
the rate of wound contraction'.

Basella alba is a medicinal plant which belongs to
the family of Basellaceae.It is also known as Malabar
spinach, Indian spinach, Ceylon spinach and vine
spinach. The stem is succulent with tender leaves.
Both stem and leaves are used in Culinary practice
in Southern parts of India. It is found to be a good
source of calcium, iron, vitamin A and Vitamin C'¢7,
So far much pharmacological work has not been car-
ried out on Basella alba stem. In folkloric medicine
it is used for treating various injuries and wounds.
Since it grows as a weed and found abundantly
in wastelands, we made an attempt to explore its
wound healing efficacy and highlight itsimportance.

In this aspect the aim of present research is to
preliminarily determine the phytochemical constit-
uents and the wound healing activity of Ethanolic
Stem Extract of Basella alba stem. As a part of this
study, effort was made to determine also, the antimi-
crobial activity of Basella alba against gram positive
organism like Staphylococcus aureus,Bacillussubtilis
and gram negative organism like Pseudomonas aeru-
genosa and Escherichia coli.

MATERIALS AND METODS

Collection of Plant

The Basella alba stems were collected near Ped-
dapuram,Andhra Pradesh, India. The plant was au-
thenticated by Dr.T.Raghuram, Taxonomist, Mahara-

ni College, Peddapuram.

Preparation of Ethanolic Basella alba stem
extract

The freshly collected stems of Basella alba were
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washed with water to remove dirt and sand parti-
cles and dried under shade for 40 days.They were
grounded into powder using a mechanical grinder.
The powder was extracted with 95% ethanol for 3
days, followed by hot percolation for 3 hours. Then
it was filtered and distilled at 80°C. Subsequently it
was transferred into the empty china dish and evap-
orated to get an ethanolic extract and kept in anhy-
drous calcium chloride containing desiccators.

Preparation of Ointment

The ethanolic extract Ointment of Basella alba
stem was prepared in two concentrations. One is
10% and the other one is 20%.The 10% ointment of
Basella alba stem consists of 2 grams of stem extract
in 20grams of ointment base.The 20% ointment of
Basella alba stem consists of 4 grams of stem extract
in 20 grams of ointment base. This ointment was
stored in air tight container.

Phytochemical Testing
Qualitative screening

The qualitative phytochemical screening of the ex-
tract was performed to identify the main groups of
chemical constituents (glycosides, alkaloids, tannins,
saponins, terpenoids, carbohydrates, anthraqui-
nones glycosides, flavonoids, and phenols) present
in the extracts using the color reactions?®.

Test for tannins

About 0.1 g of the extract boiled in 2 ml of water/
dimethyl sulfoxide (DMSO) was filtered and mixed
with a few drops of 0.1% of ferric chloride. Then, it
was examined for brownish green or a blue black
coloration.

Test for alkaloids

10 ml of acidified alcohol was added to 0.1 g of the
extract and was boiled and filtered. Then, 0.4 ml of
dilute ammonia and 1ml of chloroform was added to
1 ml of filtrate and shaken gently. 2 ml of acetic acid
was used to extract chloroform layer. This was then
divided into two portions, and Mayer’s reagent was

added to one portion while Dragendroff’s reagent
to another. The formation of a cream (with Mayer’s
reagent) or reddish brown precipitate (with Dragen-
droff’s reagent) was taken as positive for a test for
alkaloids.

Test for glycoside

0.2 g of the test material was extracted with 5 ml
of each dilute sulfuric acid and water by boiling/
warming on a water bath. Then, the acid extract was
filtered and neutralized with 5% solution of sodium
hydroxide. Similarly, in the case of water extract an
equal amount of water instead of sodium hydroxide
was added. Fehling’s solution A and B were added
until both solutions became alkaline and heated
for 2 min using a water bath. If the quantity of red
precipitate from acid extract is higher than that ob-
tained from water extract, the presence of glycoside
is identified.

Test for carbohydrates (Molisch’s test)

The development of purple ring at the interface
between the test material and the acid on the ad-
dition of Molisch’s reagent (a-naphthol dissolved
in ethanol) to the extracts followed by addition of a
few drops of concentrated sulfuric acid indicates the
presence of carbohydrates.

Test for saponins

Development of emulsion on vigorous shaking af-
ter addition of 3 drops of olive oil to froth extracted
by adding 0.1 g of extract to 1 ml of distilled water
indicates the presence of saponins.

Test for flavonoids

Zinc hydrochloride test: Development of red color
after a few minutes of addition of a mixture of zinc
dust and conc. hydrochloric acid to the test solution
was taken as positive for flavonoids.

Test for terpenoids (Salkowski's test)

Development of a reddish brown coloration at the
interface after addition of 0.4 ml of chloroform fol-
lowed by concentrated sulfuric acid to 0.1 g of the
extract indicates the presence of terpenoids.

Test for proteins
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Development of violet color on addition of biuret
reagent (2 ml) to the test solution (2 ml), indicates
the presence of proteins.

Test for phenol

50 mg of the extract was dissolved in 5 ml of dis-
tilled water and a development of a dark green col-
or after addition of a few drops of neutral 5% ferric
chloride solution was regarded as positive for phe-
nolic compounds.

Quantitative phytochemical testing

10 mg of extract is dissolved in 10 mL of metha-
nol to make 1000 g/ml aliquots of extract.

Phenolic contents estimation

Using the Folin-Ciocalteu method'?, the phenolic
content of ethanolic stem extract (1 mg/ml, aliquots)
was determined. 0.5 ml extract was combined with
3 ml Folin-Ciocalteu reagent (1:10 v/v) and allowed
to stand for 5 min. In the mixture tube, 4 ml of sodi-
um carbonate solution (20% w/v) was applied. For
color growth, the tubes were held at 30°C for 15 min.
A spectrophotometer was used to calculate the ab-
sorbance at 765 nm. The Gallic acid equivalent (mg-
GAE/g) dry weight of extract was measured using
a calibration curve . The results were expressed as
Gallic acid equivalent mg/100mg dry weight of the
extract. Fig 1 shows the mean absorbance of various
concentrations of gallic acid and regression equa-
tion used to calculate total phenolic content of the
extract.

Flavanoids content Estimation:

The total flavonoid content ethanolic stem extract
(1 mg/ml, aliquots) was determined using the alu-
minum chloride method?°. 0.6 ml extract, 1.8 ml
methanol, 0.1 ml 10 percent aluminum chloride, 0.1
ml 1 M sodium acetate, and 3 ml distilled water were
added to 0.6 ml extract, 1.8 ml methanol, 0.1 ml 10
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percent aluminum chloride, 0.1 ml 1M sodium ace-
tate, and 3 ml distilled water were added and left at
30°C. After 30 min at 415 nm, the absorbance was
assessed individually. Total flavonoid was calculated
using standard quercetin calibration curve and ex-
pressed as quercetin equivalent mgQE/g dry weight
of the extract. Fig 2 shows the mean absorbance of
various concentrations of Quercetin and regression
equation used to calculate flavonoid content of the
extract.

Alkaloid content estimation

The alkaloid content of the extract was calculated
using the Fazel et al. process, in which an ethanolic
stem extract (1 mg/ml, aliquots) was dissolved in
2N Hydrochloric acid and filtered. 0.1 N NaoH was
applied to the filtrate, 1 ml was transferred to a sep-
arating funnel, and 5 ml of bromo cresol green solu-
tion and 5 ml of phosphate buffer were added. Chlo-
roform was used to remove the mixture after shak-
ing it. At 470 nm, the absorbance was measured. The
concentration of alkaloid content in atropine equiv-
alents was determined using the unit’'s mg/100mg
dry weight of extract?!, and the alkaloid content was
calculated by using calibration curve. Fig 3 shows
the mean absorbance of various concentrations of
Atropine and regression equation used to calculate
alkaloid content of the extract.

Experimental Animals

Rats of either sex weighing about 150-200 grams
were used for the study. Three animals were used
in each groupand totally 12 animals were used.
All the animals are properly caged and main-
tained under standard pellet diet and water ad li-
bitum, placed in a properly air conditioned room
with 12hrs light and dark cycles. The animal ex-
periments were performed based on the Institu-
tional Animal Ethical Committee (IAEC) approv-
al no.V/IAEC /DR.MGR/2053/PoReb1/S/19/
CPCSEA/18.06.22/01.
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Table 1: Preliminary Phytochemical Screening of
Basella alba stem Ethanolic Extract

Table 2 : Quantitative screening of phytochemi-
cals of of Basella alba stem Ethanolic Extract

Compounds EE
Alkaloids +ve
Phenolics +ve

Glycosides +ve

Flavonoids +ve
Saponins +ve

Triterpenoids +ve
Tannins +ve
Carbohydrates +ve
Proteins +ve

+ve -Presence

Wound Healing Activity

Model taken for the evaluation of wound healing
activity, was burn wound model?2.The ethanolic stem
extract of Basella alba stem was used for the study. For
Burn wound model, animals were divided into four
groups each consisting of three animals as follows:
Group I, left untreated and considered as Control,
Group II, which served as standard and was treated
with 5% (w/w) povidone iodine ointment USP (Beta-
dine), Groups Il and IV which were treated with 10%
and 20% (w/w) ointments of ethanolic Basella alba
stem extract, respectively. All the treatments were giv-
en topicallythricea day. In wound healing model sim-
ple oitment base was used as an control.

Burn Wound Model

Partial thickness of burn wounds were inflicted on
overnight in starved animals under lignocaine an-
esthesia by pouring the hot molten wax (2 g) at 80
°C. The wax was poured on the animal shaven area
through a cylinder of 300 mm2 circular opening.
The wax gets to remain on the skin till it gets solidi-
fied. Immediately after the injury and on subsequent
days, the drug or base was applied topically as men-
tioned [22].

Content Basella alba stem
Ethanolic Extract
(mg/g)

Alkaloid content 3.82£0.39

Flavanoid content 442 +0.43

Phenolic content 1.16 £ 0.26

All the values were expressed in mean + SEM, n =3

Percentage wound healing = 100-[final diame-
ter(cm) x 100/ initial diameter (cm)]

Microbial Cultures

Microbial cultures were obtained from Microbes
Speciality Lab.They are aseptically maintained in
our laboratory. The gram positive bacteria areStaph-
ylococcus aureus (ATCCBAA 1026), Bacillus subtilis
(ATCC 11774) . The gram negative bacteria used in
the study were Escherichia coli (ATCC 10536)and
Pseudomonasaurgenosa(ATCC 10662).

Antimicrobial Activity

The antimicrobial screening is based on measur-
ing the diameters of the zones of inhibition around
the cylindrical cups incubated with different con-
centrations of ethanolic Basella alba stem extract.
For this,sabouraud dextrose agar plates (SDA) seed-
ed with microbial cultures were used. The cups of di-
ameter 6mm wereprepared by using sterile borer in
the microorganisms diffused agar medium. The 50uL
ethanolicBasella alba stem extract inconcentration of
100,200mg/ml dissolved in DMSO were filled in the
wells. For antibacterial activity, gentamycin (25pg/
ml) was used as standard drug. All the prepared
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Table 3:Effect of ethanolic extract prepared ointment of Basella alba stem by using oleaginous ointment base for healing in

burn wound model

Post wounding days
Period of
Groups epitheliali-
0 day 3rd day 6th day 9th day 12th day 15th day 18th day | 21stday sation
Control (Oleagi-
nous Ointment 2.65+0.01 | 2.57+0.01 | 2.24+0.02 1.95+0.01 | 1.54+0.02 | 0.89+0.02 | 0.75+0.03 | 0.54+0.01 | 23.69+0.12
base)
Standard (Beta-
dine) 2.67+0.01 | 2.41+0.04 | 1.74%0.02 0.95+0.02 | 0.11*+0.01 13.67+0.38
ine
Ethanolic extract of
Basella alba stem
A 2.02+0.02 | 1.85+0.06 | 1.62+0.025 1.26x0.3 1.00+0.28 0.80+0.04 | 0.28*+0.02 17.66+1.5
(10%w/w oint-
ment)
Ethanolic extract of
Basella alba stem 2.43+0.2 | 2.04+0.04 | 1.53+0.035 | 1.4+0.045 | 0.98+0.04 | 0.25*+0.03 15.33+0.83
(20%w/w ointment

Valuesareexpressed interms ofmean+ SEM;n=3animals ineachgroup;

*p<0.05.Statisticallysignificant differenceincomparison with control group.

plates with extracts and standard were kept in a re-
frigerator at 2 to 8 °C for a period of 2 h for effective
diffusion of test compounds and standards. Later,
they were incubated at 37 °C for 24 h. The assay was
carried out in triplicate. The diameter of the zone of
inhibition was measured and recorded?®®. The control
used in antimicrobial activity is DMSO.

Statistical Analysis

Statistical analysis was carried out by using either
one-way analysis of variance (ANOVA) or unpaired
t-test and then followed by post tests like Dunnett’s
test for multiple comparisons by using Graph Pad
Prism Software .

RESULTS

Preliminary and Quantitative Phytochemical
Screening

The ethanolic extract was dark brown in colour.

The results of preliminary phytochemical analysis of
ethanolic extract of Basella alba stem indicated the
positive result for the secondary metabolites likePh-
enols, alkaloids,flavanoids,Steroids, Triterepenoids
(Table 1).

Wound Healing Activity

When compared to control group, the wound
healing ability of ethanolic extract of Basella alba
stem of different concentrations by using oleagi-
nous ointment base on burn wound models was
significantly greater. Similarly, when compared to
standard drug (povidone iodine ointment) treated
group the ethanolic stem extracts ointment treated
groups showed wound healing on 3rd day onwards
in burn wound models.The results were indicated
in tables 3&4.

Burn Wound Model

The epithelialisation period was greater with 20%
dose of Basella alba stem extract and 100% wound

59



PAPMAKEYTIKH, 36,1, 2024 | 53-63

EPEYNHTIKH EPTAZIA

PHARMAKEFTIK]I, 36,1, 2024 | 53-63

RESEARCH ARTICLE

Table 4:Wound Healing Percentage by Basella alba Ethanolic Stem Extract Oleaginous Ointment Base in

Burn Wound Model
Groups Percentage(%) ofwoundhealing ontheday

3I'd 6th 9”‘day 12th 15th 18th 21$t
day day Day day day Day

Control (Oleaginous Ointment base) 3.01 1547 | 26.41 41.88 66.41 71.69 79.62
9.73 3483 | 64.41 95.88

Standard (Betadine)

Ethanolic extract of Basella alba stem | 841 19.80 37.62 50.49 60.39 86.13

(10%w/w ointment)
16.04 37.03 | 42.38 59.67 89.71

Ethanolic extract of Basella alba stem
(20%w/w ointment

Values are expressed as mean percentage in each group;

Oth day

15th day

Figure 4: Effect of ethanolic extract prepared ointment of Basella alba stem on burn wound healing model
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Table 5: Zone of inhibition of ethanolic extract of Basella alba stem

Control Ethanolic Ethanolic Gentamvein
Type of Name of microor- extract extract 4
bacteria ganism (DMSO)
(100mg/ml) | (200mg/ml) (25ug/ml)
Staphylococcus 7045 11.5:0.5 13.36£0.55 15.240.2
Gram aureus e TR e
positive
bacteria 6.2+0.36
Bacillus subtilis 13.56+0.41 15.53+0.4 19.23+0.25
o 8.1+0.35
Gram Escherichia coli 12.43+0.51 14.56+0.49 22.13+0.15
negative CAES04
. : 45+0.
bacteria | Pseudomonas aeru 8.26+0.31 18.5+0.4 15.140.1
genosa

contraction was observed for ethanolic extract on
(15.33+0.83) days respectively, which were almost
similar to that of povidone iodine ointment treated
group (13.67£0.38) days.The group of rats treated
with ointment prepared with 10% of ethanolic ex-
tractshowed wound contraction on 6th day onwards
and achieved 100% wound healing in (17.66 +1.5)
days, as shown in Table 3&4 and Figure 4.

Antibacterial Activity

The present study was carried out to evaluate
antimicrobial activities of various extracts of Basel-
la alba stem.Thestem extract was prepared using
95%ethanol. The extract of Basella alba stemwas
tested for their antimicrobial efficiency against
gram positive bacteria which includes Staphylococ-
cuaureus,Bacillus subtilis, gram negative bacteria
which includes Escherichia coli, Pseudomonas aeru-
genosaat a dose of 100mg/ml and 200mg/ml. The
standard drugused for comparison was Gentamy-
cin. The ethanolic extract at the dose of 100mg/ml
showed the inhibition zone of Staphylococcus aureus
equal to 11.5+0.5, of Bacillus subtilis13.56+0.41,of
Esericchia coli 12.43+0.51 and of Pseudomonas aeru-
genosa8.26+0.31,Extract of 95% ethanol at a dose of
200mg/ml showed the inhibition zone of Staphylo-
coccus aureus equal to 13.36+0.55, of Bacillus subti-

lis 15.53+ 0.40, of Escherichia coli14.56+0.49 and of
Pseudomonasaerugenosa (18.5+ 0.4).These results,
along with those of the control group and the stan-
dard drug are presented in Table 5 and Figure 5.

DISCUSSION

The preliminary qualitative and quantitative phy-
tochemical screening of the ethanolic extract shows
presence of alkaloids and flavonoids (Table 1 & 2 ).
In the present study, burn wound model was used
to assess the wound healing activity of Basella alba
stem extract on various phases of wound healing.
The main aim of wound healing is to close the wound
without causing discomfort and less pain to the pa-
tient in the short time. After 8days of injury,redness
and swelling was reduced this indicates that the pre-
pared ethanolic extract ointment hastissue debride
effect.

The phytochemical constituents present in Basel-
la alba stem may be responsible for wound-healing
activity of Basella alba stem.The accelerated process
of wound healing may be due to the individual or the
additive effects of the phytoconstituents function.
The increased epithelialisation period observed in
our study may be contributed by the phytoconstit-
uents present in Basella alba stem.Groups treated
with ointment prepared with ethanolic extract ex-
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Bacillus subtilis
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Escherichia coli

Pseudomonas aurgenosa

Figure 5: Zone of inhibition of Ethanolic Extract of Basella alba stem

hibited increasedepithelialisation period and the
phytoconstituemts present helps to increase in col-
lagen and results infibres stabilization?*.

Basella alba

Stemextract exhibited promising and some-
what better wound healing promoting activity
similar to that of the standard povidone iodine
ointment(Betadine).Ethanolic extract prepared
ointment was found to show antibacterial effica-
cy against gram positive and gram negative or-
ganism which include Escherichia coli, Bacillus
subtilis, Staphylococcus aureusandPseudomonas
aerugenosa. The extract has an antibacterial ef-
fect against the selected organisms in this study
suggesting that the wound healing activity of
Basella alba stem extract may be by an antibacte-
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rial activity mechanism.The presence of various
phtochemicals like phenols ,flavonoids and alka-
loids are responsible for the therapeutic poten-
tial exerted by Basella alba stem

CONCLUSION

The present study has demonstrated that the
ethanolic extract of Basella alba stem has prop-
erties that arecapable of promoting increased
wound-healing activity compared to that of place-
bo control.The plant has shown also significant an-
timicrobial activity. It may be due to the presence
of major active constituents present in the plant.
Further studies are required to confirm the main
active constituents responsible for the activity. The
above results could justify the inclusion of the plant
in the wound healing management in folk?. O
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ABSTRACT

One of the main obstacles to the development and delivery of drugs
is poor drug solubility. Lyophilization is one of the common techniques

KEYWORDS: that has been utilized to formulate alternative solid dosage forms that

Olanzapine, oral has the potential to improve drug delivery. In the present work, Olan-

lyophilisates, rapidly zapine was manufactured using this technique to develop convenient

disintegrating tablet, and easy-to-administer rapidly disintegrating tablets as oral lyophili-
freeze drying sates for the treatment of psychotic disorders.

By dispersing the medication in an aqueous solution of mannitol,
MCC, various binders, and glycine, various formulations of Olanzapine
oral lyophilisates were prepared. By assessing the hardness, disinte-
gration time, wetting time, and dissolution time, the effect of manni-
tol, MCC, and various binders on the oral lyophilisates' properties was

ARTICLE INFO: investigated. Furthermore, FTIR, DSC, and SEM were used to further

Received: September 27, 2023 characterize the produced oral lyophilisates.
Revised: November 13,2023 The formed Olanzapine oral lyophilisates resulted in rapid tablet
Accepted: January 11, 2024 disintegration (11.6 to 23.5 sec) and a drug dissolution of 48.7% to
Available on line: April 4, 2024 77.7% within two minutes. The FTIR spectra showed no drug-excip-

ient interactions, while the DSC and SEM results show the crystalline
state of Olanzapine in the pure drug and the physical mixture and there
is clear evidence of transformation to the amorphous state during the
formation of the oral lyophlisates. To conclude, this work succeeded in
production of Olanzapine oral lyophilisates (Formula 7) with rapid dis-
integration, rapid dissolution and with no evidence for drug-excipient
* CORRESPONDING interactions.
AUTHOR:
myasar.alkotaji@uoninevah.edu.iq
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Introduction

Mental illnesses are quite prevalent. In the US,
about 20% of individuals have mental illness in 2019".
Although there are several types of drugs (typical and
atypical antipsychotic medicines) available for the
treatment of mental illnesses, the situation is signifi-
cantly worse, especially in the case of old individuals
for whom simple dose modification and maintenance
is crucial® The Food and Drug Administration has au-
thorized the second-generation atypical neuroleptic
medication, Olanzapine, (Figure 1) for use as a first-
line therapy for the treatment of bipolar disorder-re-
lated mania and schizophrenia.

Nevertheless, olanzapine has inconsistent bioavail-
ability due to its poor water solubility (12-44 pg mL-
1) and slow dissolving rate. Moreover, the drug un-
dergoes substantial first-pass metabolism?. Several
formulation strategies, such as intranasal microemul-
sion, solid dispersion, self-nanoemulsifying drug de-
livery systems, nanosuspensions, and many more,
have been reported to improve Olanzapine's solubil-
ity and bioavailability. In addition, orally disintegrat-
ing tablets (ODTs) represented a feasible approach
that entered the market as a possible treatment for
low compliance of patients on antipsychotic drugs?

Oral fast dissolving dosage forms, sometimes re-
ferred to as fast-dissolving, fast-melting, or orodis-
persible, are innovative dosage forms that include
quick disintegration or dissolution of the system that
enters into a solution or suspension in the mouth
without the need for water®*. The dosage form imme-
diately starts to breakdown as it comes into contact
with saliva, and it is finished within a few seconds af-
ter intake®.

One advantage of manufacturing the medication in
an oral dispersible form is the reduced risk of Olan-
zapine's metabolic side effects, such as weight gain®.
This tendency of avoiding peripheral side effects was
discovered in 2004 by De Haan et al. They demon-
strated that individuals with schizophrenia who con-
verted from regular Olanzapine tablets to the ODTs
form had lost weight®, Olanzapine-related weight
gain appears to be correlated with higher food in-
take because of a post-meal satiety that is delayed.

Myasar Al-kotaji et al, Pharmakeftiki, 36, 1, 2024 | 64-79

At 5-HT-type receptors both within and outside the
brain, olanzapine displays strong binding affinities
for serotonin. In contrast to conventional oral tab-
lets, Olanzapine ODTs produce a more rapid onset of
absorption. It is hypothesized that this shortens the
interaction of olanzapine with the 5-HT2-type recep-
tors in the pylorus as well as the 5-HT3 receptors,
which comparatively preserves saturation feedback
mechanisms and controls or reduce food intake®. An
additional supporting rat study showed that central
Olanzapine administration does not have the same ef-
fects as acute intra-gastric Olanzapine treatment in
terms of hyperglycemia and insulin resistance. This
suggested that peripheral mechanisms rather than
a central role in Olanzapine's metabolic side effects
might be involved’.

A variety of methods, including tablet molding,
spray drying, sublimation, lyophilization, solid dis-
persion, and the inclusion of disintegrants, might be
used to create the ODTs®. But due to the straightfor-
ward and affordable manufacturing process, lyoph-
ilised tablets have been one of the most often used
typel91°,

Lyophilized formulations have the benefit of being
very soluble, light, and porous products. The freeze-
dried dosage forms have great stability, quick recon-
stitution, and good preservation. For the production
of freeze-drying tablets, a porous matrix must be cre-
ated by water sublimation from the previously fro-
zen preparations'’. In addition to the quick disinte-
gration time brought on by water seeping through the
highly porous matrix in which the active ingredient
is trapped or dissolved, the lyophilized ODT will de-
compose into a liquid with a pleasant mouthfeel. Be-
fore lyophilization, the APIis normally dissolved in or
held in suspension of aliquid bulk formulation. When
compared to compressed ODTs, a liquid formulation
is simpler to dose volumetrically than a powder com-
bination, which typically results in improved dosage
accuracy. Also, the prepossessing procedures are sig-
nificantly safer since all of the components are moist
and contained within the bulk formulation!2

The matrix of the lyophilised tablets should have
two components that operate in tandem to ensure
the formation of a good formulation. The first ele-
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Figure 1: Chemical structure of olanzapine

ment that keeps the shape of the tablets and gives
them mechanical strength is the matrix former. Algi-
nate, gelatin, dextrin, and maltodextrin are examples
of water-soluble polymers that frequently make up
the matrix'3. The second component consists of ma-
trix-supporting and disintegration-enhancing com-
ponents like sucrose and mannitol that operate by
adhering to the porous framework made by the wa-
ter-soluble polymer and accelerating the breakdown
of the fast-dissolving tablets!!.

The purpose of this research is to create an oral dis-
integrating tablet (lyophilised) Olanzapine. Different
additives and matrix formers have been tested. Ad-
ditionally, the selected formulations and the already
marketed product were compared.

Materials and Methods
Materials

Al Kindi pharmaceutical company (Iraq), generous-
ly, provided Olanzapine powder, the active medicinal
component. Microcrystalline cellulose (MCC) PH-102
was supplied by JRS pharma, US. Mannitol powder
was purchased from Scharlau, Spain. Schisolazine®
5mg tablet purchased from Wadi El Neel Benta, Egypt.
All other ingredients were of analytical grade.
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Methods
Olanzapine oral lyophilisates preparation

Through the lyophilization technique, ten distinct
formulations of Olanzapine orally disintegrating tab-
lets (5 mg) were developed. Table 1 demonstrates the
different types and concentrations of matrix formers
and binders used. The matrix formers were mannitol
and microcrystalline cellulose!, the latter also acts as
adisintegrant and binder'>. According to their concen-
trations, polyvinylpyrrolidone and poloxamer were
used as stabilizers!®, and hydroxy propyl methyl cel-
lulose was used as viscosity modifier and as binder,
glycine was used as disintegration accelerant'®.

For each formula, 15 ml suspension was prepared.
The stated amounts of each of the matrix formers,
binder polymers, and the bulking agents have been
dispersed in distilled water and stirred with a magnet-
ic stirrer (Fisher Scientific, Korea) for about 30 min.
Then Olanzapine was dispersed in the former solu-
tions, with stirring, to produce 5mg/ 0.5 ml and yield
a total amount of 150 mg for each formulation?”.

The needed quantity of the suspension was placed
into blister packs with a cavity depth of 3 mm and a di-
ameter of 13 mm using a syringe. The blister packs were
then wrapped in aluminum foil and perforated. The for-
mulations were frozen at about -70 C for 2 hr, and ly-
ophilised in a lyophilizer (OLABO, China) for 24 hrsata
temperature of less than -50 and pressure drop of less
than 10 Pa,'. Finally, the resultant formulations were
coded and stored in sealed containers for further differ-
ent evaluation.

Evaluation of Olanzapine oral lyophilisates
Hardness

Atablet's strength is determined by how much pow-
er is required to break it, which is how hard it is. The
force was expressed in Newtons. Using a tablet hard-
ness tester ( YD-1, Lpmie, China), ten of the manu-
factured Olanzapine oral lyophilisates were evaluat-
ed for hardness?™.
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Table 1: The composition of different formulae of Olanzapine lyophilisate

Ingredients F1 F2 F3 F4 F5 Fé6 F7 F8 F9 F10
%(w/v)
Olanzapine 1 1 1 1 1 1 1 1 1 1
Mannitol 50 75 75 90 90 90 50 90 90 90
MCC-PH 102 - 25 10 15 10 10 10
PVP-K30 0.3 0.3 0.3 0.3 0.3 0.3 02 0.6
Poloxamer-188 - - 0.3 0.6
HPMC-K4M 2 -
Glycine 1 1 1 1 1 1 1 1 1
120 4
1104
100
904
= 80 ]
S |
s 704
[} 4
Z 60
P |
8 504
c 4
T 401
« |
T 304
20
104
0
F5 F7 Schisolazine®

Figure 2: Comparison of hardness of the tablets from the successful formulations F5, F7, and

Schisolazine® 5mg marketed tablets

Weight variation

Using an electronic balance (Adam Equipment, PW
124, UK), 20 of the prepared Olanzapine oral lyoph-
ilisates were weighed. Both the average weight and
weight variation were computed?’.

Drug content

From the optimized formulations, ten Olanzap-

ine oral lyophilizate tablets were randomly chosen,
crushed, and mixed. An amount equivalent to 5 mg of
Olanzapine was weighed, mixed with 50 ml of 0.1N
HCI solution?!, and then filtered via a 0.45 microm-
eter filter. Using a UV-visible spectrophotometer
(Labomed UVD-3000, USA) and 0.1N HCI as a blank,
1ml of the solution was obtained, diluted to 10 ml
with 0.1N HCI, and then tested for drug concentra-
tion at 258 nm. The measurement was carried out
three times?2.
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Figure 3: The successful formulations of Olanzapine oral lyophilizates; (A) F5, and (B) F7

In vitro disintegration test

The in vitro disintegration test for uncoated tablets
was carried out in accordance with USP 33-NF 282%. The
disintegration time was evaluated using the disintegra-
tion instrument (BJ-2 Huanyu, China) with distilled wa-
ter 900 ml as amedium [20] held at 37+ 0.5°C using six
randomly selected Olanzapine oral lyophilisates. The
findings were calculated as average values (n = 6)%.

Wetting time and water absorption ratio

The commercially available tablets (Schisolazine®)
and those from the best formulations were careful-
ly placed on a circular piece of tissue paper with a di-
ameter of 10 cm, which was immersed in a petri dish
with a 5 ml aqueous solution of orange dye (1% w/v).
The amount of time it takes water to reach the sur-
face of the tablet is known as the wetting time. To cal-
culate the water absorption ratio, R, the pill's weight
before and after soaking was measured in the same
way as previously.

R=100 (Wa-Wb/Wb) ....(1)
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Wb = Weight of tablet before absorption of water
Wa = Weight of tablet after water absorption®’.

Dissolution test

The USP dissolution apparatus type II (Copely, UK)
was used to determine the dissolution profile of Olan-
zapine oral lyophilisates, with a paddle rotation speed
of 50 rpm. At 37.5°C, the test was conducted using
900 ml of 0.1N HCL. After 1, 2, 4, 6, 8, 10, 15, 20, 25,
and 30 min, 5 ml sample of the best formulations and
that of the commercial Olanzapine oral lyophilisates
were withdrawn and filtered. Fresh medium was add-
ed to compensate the amount for each sample that
was removed. Utilizing a UV-visible spectrophotom-
eter (Labomed UVD-3000, USA), the concentration
of the medication that had been released was deter-
mined at 258 nm. The measurement was carried out
three times?*.

Differential scanning calorimetry

Thermal properties of olanzapine, physical mixture,
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Table 2: Evaluation parameters for lyophilized orally disintegrating tablets

Water
weight Disinte- , absorption | 2 min drug
Formulas | Friability I(Lll\tll)r;dness variation gration ::/:gzgc)d ratio (%) | release
(%) Drug content | time (sec)” after 10 (%) ©
(%) sec?

F1 No tablets - - - -
F2 No tablets - - -
F3 Fragile 3.33+1.15 | 1.07+0.008 10+0.00 |- -

tablet
F4 Fragile 4.9240.031 60.2640.09 | - -

tablets
F5 Gol;)ld 5.8+1.05 1.79+0.020 11.6+2.08 14.5+0.707 | 46.5%+2 48.65+1.35

tavlets 103.72%%2.20

Fragile
F6 tablets 1.30+0.001 7+1 - -

0,

F7 g}";’l‘z s 14.33+2.68 | 20.017 101.27%2191 | p3 5015 | 3948485 | 5.3%20.54 | 77.67+0.37
F8 Fragile 6.4340.025 224818 |- -

tablets
F9 No tablets - - - -
F10 No tablets - - -
Schisola-
zine® 5mg 76.43+30.5 1.443+0.75 23.43+2.9 52.4+4.4 82.1%+4.5 | 96.55+1.3
tablet 97.12%+1.54

@Data are expressed as mean+S.D, n =10, ® Data are expressed as mean+S.D, n =20, ¢ Data are expressed as mean *S.D, n
=6, “Data are expressed as mean +S.D, n =3

and the lyophilized tablet formulations were investi-
gated using differential scanning calorimetry (DSC)
(Q2000 TA Instruments, New Castle, DE, USA). Sam-
ples weighing 5-20 mg were sealed in aluminum pans
and heated atarate of 10 °C/min under nitrogen purg-
ing throughout a temperature ranging from 20 to 200
°C for DSC analysis?.

Scanning electron microscopy

Samples of the pure drug (olanzapine), physical

mixture, and the lyophilized tablet formulations were
investigated for their crystals’ shape, morphology, and
topography using a scanning electron microscope
(SEM) (Thermo Scientific Apreo, FEI Company, Hills-
boro, Oregon, USA). Samples were gold-coated using a
sputter coater (Quorum Technology Q150TS, Ashford,
Kent, UK) before scanning. The sputtering gas used
was argon, the chamber was under a pressure of 10-2
mbar, and the applied voltage was 1 kV with a plasma
current of 18 mA for a total of 120 sec. The scanning
by SEM was performed and photomicrographs were
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F3 75% mannitol, 25% MCC
F4 90% mannitol
F5 90% mannitol, 10% MCC
F6 90% mannitol, 15% MCC
F7 50% mannitol
F8 90% mannitol, 10% MCC

o
1

Hh

F3 F4 F5

T
F6 F7 F8 Schisolazine®

Figure 4: Disintegration time of the different formulations of olanzapine oral lyophilisates

taken at an acceleration voltage of 3 kV2°,
Fourier transform infrared spectroscopy (FTIR)

The test was performed for the pure drug, the
drug-excipient physical mixtures including Olanzap-
ine with mannitol, MCC, PVP, HPMC, and glycine in
aratio of 1:90, 1:10, 1:0.3,1:2, and 1:1 respectively,
and for the succeeded formulations, to determine any
possible interaction. It was carried out using an FTIR
spectrophotometer (Bruker-FTIR, Germany), with a
resolution of 4 cm and a scanning range of 400-4000
cm-1%.

Statistical analysis

The experimental results were analyzed using the
one-way Analysis of Variance (ANOVA) test using Or-
igin software (version 8.0, OriginLab), and a p-value
of less than 0.05 was considered significant (n = 3).

Results and discussion

Hardness

The hardness of all the produced tablets are ex-
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pressed in Table 2 and Fig. 2. The hardness ranges
from 3.33+1.15 to 14.33+2.68 Newton. There is a sta-
tistical significance difference in hardness among F3,
F5and F7 (p<0.05).

The general hardness is low, as one might anticipate.
This is because there is no compression process used
in the creation of lyophilised tablets; instead, they are
made using a lyophilization procedure. However, tab-
lets should be hard enough to be removed from the
blister and being handled without any breakage. Nev-
ertheless, there is no possibility for attrition during
the transportation or handling, this is mainly due to
the complete filling of the lyophilised tablets inside
the blister and there is no extra space for tablets inside
the blister as shown Fig. 3. As demonstrated in Ta-
ble 2 only F3, F5 and F7 succeeded in producing tab-
lets that can be handled. Other formulae were failed.
The marketed oral dispersible product (Schisola-
zine)® differs from the made formulations, it exhib-
ited high hardness (p<0.05), which is due to their dif-
ferent technique used during production. Remarkably,
F7 showed higher hardness than F3 and F5 (p<0.05)
and this may be explained by the existence of HPMC,
which act as binding agent as illustrated in Fig. 12°.
Comparing the formulations that contain different
concentrations of mannitol (F1, F2, F4 and F5) reveals
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Figure 5: Comparison of the disintegration time of the succeeded tablets from the formulations F5, F7,

and Schisolazine® 5mg tablet

that using mannitol alone cannot produce tablets with
good mechanical properties without addition of suit-
able binding agent.

Weight variation

Weight variation of the resulting tablets is illustrat-
ed in Table 2, and it is in the range of 1.07%+0.008 to
6.43%4=0.025. Indeed, according to USP requirement
the acceptable weight variation for tablet weighing
less than 130 mgis + 10%. According to the results all
the variations were within narrow limit and this indi-
cates good uniformity of tablet production.

In vitro Disintegration test

There was a statistically significant difference in the
disintegration time of F4 when compared to other for-
mulations (p<0.05), as shown in Fig. 4. The disinte-
gration time of the tablets from various formulations
was in the range of 7+1 sec to 60.26+0.09 sec, Fig. 4
demonstrated the significant difference in disintegra-
tion of F5 when compared with F7 and the investigat-
ed marketed product.

It is necessary to mention that not all the formu-
lations were capable to produce lyophilised tablets.
As demonstrated in Table 2, some of the formula-
tions were failed including F9 and F10, which were
prepared using poloxamer-188 as stabilizer. Indeed,
Poloxamer-188 was used as stabilizer in preparation
of meloxicam lyophylisate, however, the used concen-
tration was higher than the concentrations we used
in this study®.Nonetheless, the disintegration time
of the prepared formulations that were successful in
producing tablets might be ordered in an ascending
manner as follows: F6<F3<F5<F8< marketed prod-
uct < F7 <F4 as shown in Fig. 4.

As shown in Fig. 5, there is a remarkable statisti-
cal difference between the disintegration times of the
successful tablets from formulations F5, F7, and the
marketed product (p<0.05). F5 demonstrated fast
disintegration (11.6£2.08 sec) in comparison to F7
(23.5%1.5sec) and Schisolazine® (23.43+2.936 sec).
This may be due to the presence of high percentage
of mannitol as bulking agent in addition to the use
of MCC?. However, the disintegration time for all of
the successful formulations are in compliance with
the specifications of USP, which revealed that orally
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Figure 7: Comparison of water absorption ratio of the successful tablets from the formulations F5, F7,

and Schisolazine® 5mg tablet

disintegrating tablets should be disintegrated with-
in 30 seconds®. In addition, the results are in compli-
ance with the European pharmacopeia requirement
for orodispersible tablets disintegration time, which
should be less than 3 min?.

On the other hand, when comparing the formula-
tions which contain the same amount of mannitol (F4
with F5 and F6), there were statistically significant
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differences (p<0.05) in the disintegration time and
this could be attributed to the concentration of mi-
crocrystalline cellulose (MCC), which were used at 0,
10 and 15 % in F4, F5 and F6, respectively. Evident-
ly, the speed of disintegration accelerated with high-
er MCC concentration as MCC act as a disintegrant
and drain water into tablets and this lead to rapid
disintegration?®.
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Figure 8: Percentage of drug release from F5, F7 Olanzapine oral lyophilisates and from the marketed
product.

Table 3: The endothermic peaks of the investigated samples measured by DSC

Samples Endothermic peak
Olanzapine alone 196°C
Mannitol alone 170.6°C
Physical mixture of Olanzapine with mannitol 196°C and
171°C
F5 167.48°C
F7 169.24°C

Wetting time and water absorption ratio

Wetting time for the succeeded formulations F5
and F7 was 14.5+0.707 sec and 39+8.485 sec, re-
spectively. However, the marketed tablets exhibit-
ed longer wetting time (52.4+4.468 sec) and there
was a statistical difference among them (p<0.05)
as demonstrated in Fig. 6. The water absorption
ratio for F5, and F7 was 46.5+2% and 5.3+0.54%
respectively, and for the marketed tablets it was

82.1+4.52% (p<0.05) Fig.7.

The results of wetting time and water absorption ra-
tio were directly related to the disintegration time as
shown in Table 2, Fig. 6, and they were a function of
the disintegration mechanism?. Microcrystalline cel-
lulose in F5 has a good capillary ability, and itis a kind
of porous granules with wicking property, in addition
to that presence of PVP that has porous structure, and
mannitol with its hydrophilic properties, enhance wa-
ter penetration®.
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Figure 9: DSC Thermogram of Olanzapine (A), Mannitol (B), Olanzapine and mannitol (C), F5 (D) and
F7 (E).

The water absorption are presented in Table 2.
When comparing the formulation that contains MCC
(F5) with that without MCC (F7), there was a statis-
tical significant difference between them (p<0.05),
as illustrated in Fig. 7, which may be due to the com-
bined effect of MCC that has a good wicking and ab-
sorbing capacity, and mannitol that has good wet-
ting property and aqueous solubility in F53°.
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Dissolution test

The dissolution profiles of the produced tablets
of formulations F5, F7, as well as the commercial
product are illustrated in Fig. 8 . According to Ta-
ble 2, the drug release at 2-minutes for F5 and F7
was 48.65+1.35 and 77.67+0.37 min, respectively
and for the marketed product it was 96.55+1.35 %.

In contrast to F7, where the matrix former was man-
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Figure 10: Scanning electron micrographs of Olanzapine alone (A), Physical mixture of Olanzapine with
mannitol (B), the successful formulation F5 (C) and the successful formulation F7 (D)

nitol alone, F5, which is prepared with the mannitol
and MCC, showed a slower Olanzapine dissolution
profile as shown in Fig. 8. This is inconsistent with
the results of the disintegration test, wetting time and
water absorption ratio. The adsorption of such poorly
soluble drug (Olanzapine) on MCC fiber may prolong
its release and explain these contradiction®'. Howev-
er, it is interesting to note that the addition of MCC
in F5 formulation did not have a significant effect on

the dissolution rate when compared with that in F7
(p>0.05). Accordingly, F7 exhibited better dissolution
profile than F5.

Differential scanning calorimetry
The DSC spectra of Olanzapine alone, mannitol
alone, Olanzapine with mannitol as a physical mixture,

the succeeded formulations, F5 and F7, are shown in
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Figure (11): FTIR spectra of Olanzapine (A), Olanzapine and mannitol (B), Olanzapine and
MCC (C), Olanzapine and PVP (D), Olanzapine and HPMC (E), Olanzapine and glycine (F),
Formula 5 (G)
and Formula 7 (H)
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Fig. 9 as A,B,C,D and E, respectively. The DSC scan of
the pure Olanzapine sample presented a single, sharp
endothermic peak at 196.32°C, which was similar to
the melting point of the pure drug and this confirmed
both the purity and high crystallinity of the drug®?.

As illustrated in table 3, the DSC scan for the physi-
cal combination of mannitol and Olanzapine displayed
a small endothermic peak associated with Olanzapine
at 196°C and a sharp peakat 171°C, which is very near
to the melting point of mannitol stated at 168.5°C33.
However, in F5 and F7, a boarder one peak was ap-
peared in both while the peak of Olanzapine disap-
peared suggesting that Olanzapine might be changed
(upon lyophilization) to an amorphous state.

Scanning Electron Microscopy

The images of scanning electron micrographs of
Olanzapine alone, a physical mixture of Olanzapine
and mannitol, and the successful prepared Olanzap-
ine oral lyophilisates (F5 and F7 formulations) are il-
lustrated in Fig 10.

The results demonstrated that Olanzapine crystals
were very clear in the pure drug and the physical mix-
ture, however, the micrograph of Olanzapine oral ly-
ophilisates F5 displays a matrix in which Olanzapine
crystals are embedded or dispersed in comparison to
no-crystals were seen with the lyophilisate formula
coded F7325,

Fourier transform infrared spectroscopy

The obtained FTIR spectra of Olanzapine alone, and
its physical mixture with mannitol, MCC, PVP, HPMC,
and glycine, and of the successful formulations (F5,
and F7) are shown in Fig. 11. FTIR analysis of Olanzap-
ine alone showed the following characteristic peaks:
3216 cm-1 corresponding to the secondary amine,
3061 cm-1 belong to aromatic C-H group, 2931cm-1
for the aliphatic C-H, 2792 cm-1 for C=N group, 2465
cm-1 for C=C aromatic and 744 cm-1 related to C-S
aromatic.

These characteristic peaks appear also in the physi-

cal blending of the drug with other ingredients, and in
the successful formulations, F5 and F7 which shows
there is no proof of an interaction between the Olan-
zapine drug and the excipients?®?’,

Conclusion

It is clear that rapid Olanzapine disintegration and
dissolution were made possible by developing Olan-
zapine oral lyophilisates by lyophilization technology
and employing mannitol as matrix formers. However,
not all the formulations were able to produce lyoph-
ilised tablets; for example, mannitol by itself cannot
create tablets with high mechanical qualities with-
out the inclusion of an appropriate binding agent.
High-hardness tablets are made with the binding
agent HPMC, while tablets with a quicker rate of disin-
tegration are made with the diluent MCC. The F7 Olan-
zapine oral lyophilisate with mannitol (50%), PVP
(0.2%), and HPMC (2%), was considered successful
formulation. F7 exhibited the best mechanical prop-
erties, fast disintegration times and fast drug releases.

It is possible to conclude that this method repre-
sents a promising manufacturing process for the for-
mulation of Olanzapine orodispersible tablets, which
are rapidly dissolve inside the mouth without the
need for water, improving patient compliance and
lowering the anticipated side effects associated with
the conventional tablet dosage form.
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