PEINYBIHKA CEBEPHA MAKEJOHHWIA

YHHUBEP3HUTET..CB. KMPHI M METO/HI® BOCKOILIE
YHHBEP3UTETCKA INMKOJA 3A JOKTOPCKH

RSt CELIRIT o - R
e, OAPMAUESTCKI QAXYTET - CKORJE
poj: ﬂ
Hatym: __20__roaumua L;T}i.EiEle_r(_:_m_ﬂl-*gLum-bA :
Cronje

o
Papmanesrexn pakyarer Bo Cronje
CoBer na eTyauekaTa nporpama no thapmanmnja

IIPUJABA

34 yHeCTBO Ha roanmng KondepeHunja so Y1 (mectn) cemecTap so aranemcra 2021/2022 roanua

| Crynenr Grepra [Majasury

e 37/a)
bpoj Ha HHaeKC i

Menrop np“‘!’-ﬂ'lﬂ'- Pymenka [leTkoscka

i '|'j'.J.I':.“T LHENVE jﬂKTupm{H CTYaKK 0O oOnacTa tlaap;mau}dja -
Cryaucka nporpama i

Cryaucka noanporpama

prapmaunja
Hone Ha weTpakysaine

Chemometrics approach for optimization of capillary electraphoretic
Tema conditions for the separation of insulin analogues

; g
Toauna Ha 3anMInyEathe 2015/16

Ha JIOKTOPCKM CTYIHM

Gpoj a ocreapedn
| KpeoHTH
— . : b |

3abenewka

Ckonje, Qg M )}?EIzOﬂHHa.
/

Crypent Menrop

Byn. Mous fanges Gp. 9, 1000 Cronje, MN.d, 576
Perybnrka Cesepua Makeaokuja
Tenedon +380 2 3293 293 chawc +389 2 3293 2032 peRTop + 389 2 3293 200
v, Lk ey, mik



CRIGINAL ARTICLES

Faculty of Pharmacy', Ss. Cyril and Methodius University in Skopje, North Macedonia: Department of Inarganic anag
Analylical Chemistry’, Medical and Health Scisnce Centra, University of Debracen, Hungary; Department of Pharmacy®,
Facully of Medicine, University of Prishting *Hasan Prishtina” Frishtina, Kosovo

Chemometrics approach for optimization of capillary electrophoretic
conditions for the separation of insulin analogues

B. Pamam® M, Anpnas?, DL Mepna®*, L. Anastasows, B Perkowsaa

Reveived July 22, 2021, avcepred Angun 21, 2021

Horresponding anther: Dashnor Nebipa, Universiie of Prishiing “Hasan Prishiing”, Facuity of Medicine,
Dreparnment of Pharmacy, 10000 Prishuing, Kesov
dushnen ieljo & eai- peedn

Flharmozie To 1 0027)

dai? 0GR Aph 20251758

Six insulin analogees with high degres of chemical similarity were separated using Capillary Elecirophorasis
[CE). In order fo improve the melhod perdormance, aglimization and develepment the Design of Experiman
(D2E) approach has been used ana this strategy provided related statistical models, This methodolegy deliverad
the information regarding tha influence of main tactors in the methad development and axplained tha interaction
of relevant factors in ferms of shartening the analysis time. The response surface methodology (ASM) design
employing Central Camposite Face Centered (COF) Design analyzed the effect of the most influencing faciors,
nclueding background slectrolyte pH ard concentration, applied vollage and temperature. This study demon-
strated that the approach ot aralyzing the influence of each parameter in the migration bahavior of analyzad
paptidss was capable o assess the best electiophorstic conditions far the separation of ingulin analogues.

L. Introduction important in pharmaceutica! industry selling where method devel-

Pl analysis cn huan insulin and i1s analogues his been usually
performed vsing numercus analytical methedologies and these
peptides has been analyzed in dillerent matrices, including deter-
mination of insalin in body uids for cliniesl and forensic purpnses,
SERTTRIRTERE:
purposes { Thevis et al. 20058 In order i analvae comples rDNA
HES . various iRyt
1Al methash dogies, inciuding irmmanoshemica) methods DWebsi
el al. P Summons et gl 20091 and chiromangaphic methods,
such a8 HPLOC were used. Owning s perfemance HPLC has
besen comimonly used us o method of chacce ler the yuality conirg]
purpogcs ol pharmaceatical formulations conlaining insnlin and s
analegues (Khakza et al 1998, Sawicka ¢t al, 20061 Tn adidition.
HPCUL has been applied as a smandand phirmacopeiz method for
the guality determination of insulin aml its related substances aml
il is routinely wseal in the gualiy coneol seiting, Neverheless,
the comnmun apphcation of HPLC in s Geld pocentially leagds
o subslanlial contamanation of envirenment with organ sulvents
(A el 20006
Lan the ciber b, Ol hes already satoed as 8 suitahle meilnl

eatical Tormulaions Dor guality contral

ancd the analy

derreedd products, such are nsulin and it g

for determination of thesspeutic peptides and preteins, This
methedulogy is particalarly important due o many advaniages
such as high sensitivily, selectivity, low sample consumption, low
amount of buffers needed, shorter analvsis rime and high resolu-
tien (Kunkel et al. 1997; Yomota et al. 1997) These advantages
make CE very suilable method for guality contral of hiclogival
medivines, particularty For qualitative and guaniiaiive asalysis of
pepicle drugs, pssessment of their purity and celaied subslances,

anulysis and the detlermination of eapstiomer.e purity
(8170, Nevertheless, as an analytival ecanique, CE has

Wt
seweral limitaiions, for mstanee in comparisen o HPCL i demon-
surales Jower sensiiivily and muone PALRATIC TS feg e op i 2alicn,
it has lewer robusmess and reproducibilig, These dismlvantages
prumiarily are caused fornm the gdscrption of charged specics o ihe
capillary wall and the presence of Jewle heuling creating variances
in the electrovsmotic flow. These disudvaniages might be very
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opment, and cptimization including ils performance ae critical
sasues [Harns 2010,

To limprove the separation process, CE coupled with chemumetric
oplinizalion can provide a complele profile of separalion. utfering
the wseful information of Gcters inlluencing the separation as well
its their interactions. The principle of DoF is wrrangement of 1he
experiments a1 changed combination of fctoms with the parpose of
guining the masimum informatios with mininad ruas, This p
i wringel by changing all the applivable facoors simdineously,
avcording w a planned set of expesiments which defermine the
effect of each factor and theiv significance (Abeul-Enein and
Abdel-Megied 2009; Orlandin et al. 2014 Homisch el gl 2014).

In order w overcome aforementivied drawbacks of CE. different
rdelling lechnigques have been developed with the oim 1o PO
methud development and optimization, Since lur the developmen
f o CE method meore parameters are required to be optimized, the
use of convenlional lechnique fune-Tactor al & lime} bas proved
b be Lime conswning, and aller fnishing such experinents the
dhatis o not represent the combined effeet of many ficters. The
ik approach helps o beller understand the inleractions between
diflerent lwctors is possible amd the analysis of smaller number of
ditha i5 reyuinad, which helps the provess ol method optimization
and constructions ol stausticel models. The optimization agd
analysis ol response of multivariale svslems could be determined
by RSM (Duita and Basu 204 1), CE permils numerous of these
Factors o be varied within & programmed sequeence. Therchy
the instrument can be programmed W use different background
clectiolyles eperating ol various voltages and temperatures. These
autemated services make the provedure of experimental desizes in
CE methed vptimization particularly alractive (R 12gs el al. 20001)

Liternture duta neveabed thin for the oplimizanen of a chiral e

ratson ol anti-Alzheimes anl antifungal deugs by CE ol factorial
experimental design his been employed (Abdel-Megied e al

I01EL In thus study, the influence of two paruneters {beffer pH
and conceniration of cyclodexirms) wis studied. The “mair cffect™
of varation of cach paraneter was caleulated for electrophoneric
resulution for each drug, In uther study, reported in the refarence

[t
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Tahte 1: Liternture references of CED designs with CE methads

Studivd sualyies .I Influencing Factors .! Number of cxperiments Il.‘iul'twre used | References
T

Vl-alaning, DU-aspartic acid, | Rufler cone.. 5138 con | 1% experiments Mukide 5.0 and Colex, W et al, 20003
| M.-glutamic acad. glyrine, veliage Program

Eraniim-n-bateric acid (GA A | |

Pl e o L e — | S

b sall of Pentosan Poly. Injerticn prossuse, inection e perimnenn | Minitab Ing. Releaswe !iPr-J:h:u.k.. coal 2003y —I
sullane ti v

| d -ty prophan methylester Uvelodesizin concantrutive,
bydmchioeide | Iede), -ty | cromen-grhier

sinc-methylesier bydiochlonide | ConCeni i i buller
CleMe ) aml mictly |- | soncentnition |

13 cxpemnents

Mermrod soflwarg

CElek e a), 205,

-Cxclodestnng (Me- (L)
IT..- WPl cslcium CAO0F ) and PH. il Ter concentoation.
hydrschlemthiazide (T in vialinge
presence of twe major impusines

it salfate. dermnatan Buller concentiaiion pai,

sulfate. and healwronic aeid

| linsiapeagle nm rabprizk:
| benperalure
o il

(Mumani el al 20061 for the optimizition of 4 CYE neth
fou determination of tetracyclines, a fractional faclorial design
appruach has been employed, The estimared ractors were ph,
temperanie and sodium carbonate cuncentalion,

As ned in the Table |, the TESPOASE SUTaCes are appropriole o
b vsed For the aptimization of the CE method development gy
vptimization. This approsch implies that the st influencing
affecting the performance of the fe hnigue sire recogaized,
imethodelogies of this tvpe eifer 3 graphical dNustratise of
the duta over the planned ranges. asd they can be nsed fo cronse
the aptimal performance of (he method. Response surfyces cun be
ubtuined by cipluying various designs such as central VAT R ek
and Box-Hehnken design. In Table | literature revigw infermation
using the aforementioned design approaches in CE i presenced,
Placken-Burman experimental design was used fur et aptj-
migtion and robustness o (he enantioseparation. of dexmede-
imiding and separation of mizolsgine sl 15 relutes! Dnpurilies
TECrait aid Sorib 200 &, Crrlandini or al, 20067).

The structural variations of insulin analogues consigr in small

Taglog

s

-]

VATELON 0 the aming acid RequEnce, conseyuently the CE sopy-
ristion of insulin anilogues represen|s challenging lask. A1 the bl
uf our knowledag, curreatly mo papers sddress (he appiication

ol this methodal fur the oplimication of CF et fer phe
determination of insulin and i analugues, Hence, in this work, we
Presenl an invesligation of the prinvipal faclors aflecting inigratiun
bebavior of insulin and i analogues, Application of TERO s
surtace methudulogy for the optimization of & CE metand with

the aim W improve the separiation of peptides with high degree of

chemical similarite was used.

CoeMficiends [mormalized) IWLR;
| CCF design J faetors - Ingulin ovErviEw

Fig 1 Unalficient mol o e selece Iz1oa |separ,
£ B migration behovies ol six iilen ana
BULE. = comeensiation of BEGE, v = sl

1738-2

| MFesperimmenls

20 enperiments

apphied soliage
B vuncenlisition, vl pe, 20 eaporiments

| Design-Expen® Soliware | (Fayed ot al, 2018

csinlll

|
[saTian

|-fiil1i||dn.,ul'|in| wlal, By 1

Desivn Expen 70 (Fapp et sl 200w 1

___L________.

2. Investigations, resulis and discussion

Capilliary Fine Elettrephoresis (CZE) which s known as a simple
and Tast technigue was employed fur the separation of tnsulin and
its analogues, Applying CZE method the migrancn limes were
influenced by several factors, which were analvzed with g REM
design called CCF Design. For each product a list of experimens,
was perfomed and the selected factor were changed sinultape-
wusly,

The analysis for six insylin Analegues was perfoemed sing this
Eapenimental design. Upon (he completion of CE experimenis
ran in different conditions, the MIgraton time foo gach drug hax
Been calculuted, and the influence of (lesa Faclars on the migration
behivior was studied.

As depicted in Fig. |, using the coeflicient plot (e coeflzoens
related o scaled and centered variables were analyeed. As seon
from the plut, one factor waries from 0t |, in coded wnit. while
the other facters were kept in averages investigile the change
of response, In all cases \he factor wilh mest influence was rhe
voltage: the voltage increase was inversely related 10 the migrarcn
e, The wllage influence was more significan] thun oy oller
lnetor, o the combination of the Bavtors (pH and BGE CLNUCTIEL-
oy, pH and vellage or BUE cune aration und vellage), T i
be esplained by the fact that the ines sing of veltige in CLE respls
& higher field sirengh, which causes increise of Electro Osmane
Flove: (ECIF, Consequently, the migration ume of andlyies will
decrease and their clectrophuretic mubility will increase. Other
influencing facior is PH of BGE, which alse has an importint
eflect on the sepuration time, Changes of the buffer pH affect SEp-
rarion by madifying the charge of the analyte and by changing the

4D Respeowe Contowr of respance IMLRY
| CCF design 3 factors - insulin lispre
Bt N = 4o lfer (e = 50

buffar o) = g0

SHER DRI EEE 1y D201 3 20 3 20 45

“ Ll vz tage by E: -\.‘lgu-n'.__ o=al

Fig, It Ruspimey surfce Plots For insudin [ispye, Bufler sirengih his boen Kepl f-
Iwasenn 20 b 2 S1 s,
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electromsmatic' flow. These ndings sugpest thal the M variation
APPeArs o be the muest effective method uf contmlling a CE sepa-
vation andd consequently analysis time

The contour dingruns of nespunse are shown in Fig. I where buffer
conuenirition as the fctor with the bwesl and non-siznificant
influence in response was kept as u fixed value, From the -
cient plots of each insulin analegue, it was assumed thar (e mast
mlluenzing and significant facrors were the applicd voltage ami
pH wof the bulfer

-'I.L'.'L-u:ln:_- lir The
insulin gl 15 v

rantour dhagriums the migration behavicrs of cach
neh e of ghem-

7y similar dug g iheir
sl similinity. The applied voliuge in the eleriapinre
the Ractaor with the mes significant inlluesee in he fesponse, | he
volfage increase is inversely related 1o the migration e, Similar
elfeet was noted for the pH af the bulfer.

Using the dingrams ahove, is pussible do fod the upting] range of
the st influeatial facters including pH aml Bufler auncentsalion,
1A rerms of analveis time reducion Cunsidening thar, uzing CE for
duetermining proteing and Peplices & lang conditivn time js nedid
W remave the adsorbed molecoles in capillary wall, |he Proper
analysis for this determinion world need 8- 10 g Lh:penling
o cach insulin analogise, the uptimad renge of selevied factors 1o
idchieve these prelernad Wavsls Limne wouhl re- anplicn wullage
2U-25 kWL the buller pH: 8395 for the butfi v LAt 44
mM amimonium aeelale

In Fig. 3, 1he observed v, predivied plut for insulin lispne s
Presented, 1 lisplays the observed verin prodicled values of the
response, This is additiongl proul of the good inedel where the
points fall on the 1:1 line very closely,

In Fig. 4, the representative electropherogram of esch ipsulin
2w in the chosen range aptimil combilions are shown

2 L syl s

all

o Obicrved wi Predicied (MLR)|
CCF design ¥ factars - insalin lspre
iy

| [ — : i E 1 =) vhmn e Bs g |
d | 1
Vemdr Ay e e Dl e |

chuanpl [T
e [insulind, My e s
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VYHHMBEP3UTET ,CB. KHPWJI U METOAUJ* BO CKOILJE
LKOJIA 3A JJOKTOPCKH CTY/1HH
GAPMALIEBTCKH ®AKYITET
Cryaucka nporpama: Tper LHKIYC 38 JOKTOPCKH CTYAHH o1 oOnacra dapmalimja

PELIEH3HJA
Ha CeMHHAPCKH TPyl 01 V cemecTap noji Hac/ios
. XeMOMETPUCKH NPUCTAaN 34 Ol ITHMH3ALIH]a HA SKCTIEPHMCHTAIHH YCIIOBH 33 pas/iBo]yBare Ha
AHAI03H HA MHCYITHH CO IPHMEHA HA METON Hd KanunapHa enexrpoopesa” Ha JOKTOPAHIOT
marucrep no dapyawuja bnepra INajazurs

Co oanyka na CoBeToT Ha JOKTOPCKH CTYIHH Ha dapmanesrckuor gaxyater so Cronje,
onpejieiicHa € PELEH3EHTCKA KOMMCJa 33 OLCHA Ha CEMHHAPCKM TPYL O1 Tpet HMKIIYC HAa
NOKTOPCKH CTYAHH B0 COCTaB! npod. n-p. Pymenka lleTkoscka, npod. a-p Ana llonera
Manoscka u npod. n-p Karepuna bpesopcka.

Mo mpernejoT Ha JAOCTABEHHOT HayyeH Tpyil, Penensentckara KOMHCH]a 10 JIOCTABYBa
ClieIHNOT

H3BEIITAJ

CeMMHApCKMOT TPyI NMod Hacnos ,XeMOMETPHCKH MNpHCTan 3a ONTHMH3AIM]A Ha
eKCIICPHMEHTAIHH YCIOBH 33 Pa3iBOjyBalbe HA AHATO3M HA HHCYTHH CO NPHMEHA HA METOIL Ha
kanunapha enextpodopesa” npercraBypa camoctojuo mizpaboren Tpya. Bo rpyror ce
[pETCTABEHH PE3YITATH O ONTHMH3ALMIA HA METO/L HA KaluIapHa eleKTpodopesa co npuMeHa
A TPHCTANOT HA XEMOMETPMCKH [M3ajH Ha eKcrnepuMeHTH. Merolor ¢ mpuMeHer 3a
[Jﬂ'S,ZI,B{Jj}'HHH-:E H ONpeaciyBadHhC HA MISCT aHano3in HAa HHCYIHH CO BHCOK CTCIICH Ha XemMHCKA
CIIHUYHOCT.

PesyirraruTe NPEeTCTABEHH BO TPYIOT ce 00JaBeHH KAKO CAMOCTOESH Hay4eH TPy
B. Pajaziti, M. Andrédsi, D. Nebija. L. Anastasova. R. Petkovska, Chemometrics approach lor
optimization of capillary electrophoretic conditions for the separation of insulin analogues,
Pharmazie 76 (2021), doi: 10.1691/ph.2021.1738.

Tpy/10T € CTPYKTYPHPaH BO ClieHUTE MOT7aBja: BOBe/l, MATEPH]aIH W METOH, PE3YTATH
W auckycHja W zaknydok. CHCTeMarW3alMjara Ha JENOBMTE BO HACNOBH W NOJAHACNOBH
ofe3be1yBa COONBETHO CleJeibe HA MarepHjara koja e obpaboTeHa BO TPYIOT.

Bo .Bosenor”, NOKTOpPaHTKara HapedyBa I€Ka CHOped OOCTANMHWTE JIMTCPaTYPHH
IOJATOLM, 33 KAPAKTEpPH3alMja HA NMPOTEMHHUTE, KAKO M 3a cenapalvja W ksanTHpuKanmnja Ha
JErPATIAIMCKUTE TIPOH3BOAM HA WMHCYIHHOT Pa3BUEHM CC TOBEKE METOAM €O MpHMEHd Ha
xpoMarorpauia, erexrtpodopesa u KannnapHa enexrpodopesa. Kanniapnara enextpodopesa
(CE) uMa HEeKOJIKY NPeAHOCTH, BEJIYYYBAjKH €IHOCTABHOCT, rolemMa Op3uHa, YYBCTBHTEIHOCT,
norTpeGHa e Maia KOMMUHHA HA NPHMEPOKOT, COOJBETHA € 33 Pa3iABOjYBatbe HA NCNTHIM H



MPOTCHHHAHANHTHYKH Marpuun. MefyTtoa, kanuiapuara enexrtpodopesa Kako aHAIMTH4YKA
TEXHHKA, MMa HEKONKY OrpaHu4yBamea, Ha npumep, so crnopenda co HPCL noxaxyea nomana
CEHAHTHBRHOCT, MM HHOMATTS ])E]ﬁ}'m'lﬂ'l.."]' H |'J‘Cﬂpﬂgl}r"uhﬁH.'II-[[‘P{"I'. DE‘-HL‘T HEAOCTATOLIH [MPBCHCTBEHO
Ce NPEAH3BHKAHH 01 a1CoPNUK|a Ha HACICKTPUIHPAHUTE BHAOBH HA KANWIAPHHOT SHA M nojasd
Ha 3aTONAYBaE€ HA SHAOT HA KANWNAPATa €O WITO Ce NpeaM3BHKYBAAT BapHjaldd  BO
CNeKTPOOCMOTCKHOT MNPOTOK.

Ilpumenara Ha XeMOMETPHCKH TMpHCTan npu onTHMH3auMja Ha CE Meron moke na
00e30edn NpHKas Ha UENOCHHOT NpoMI Ha MpOLECOT Ha cenapauuja, Kako u KOPHCHM
WHpopMaLKi 38 AKTOPUTE KOM BIMjAAT HA PA3IBOjyBAETOA KAKO M HHBHATA MHTEpPAKLM|a.
lopamm Toa KaHAKJATKATA BO ROBEIHMOT f€/1 /1aBa KPATOK OCBPT HA XEMOMETPHCKHOT PHCTAD
npu onTHMisagdja ua CE meTon. BakBHOT npucTan 0BO3MOMKYBE CHCTEMATCKO M MIAHHPaHo
MCIIHTYBaE W PELUABAlLe HA EKCMEPHMEHTATHMTE MPoGIeMH KOM NMPOM3TErYBAaT BO TEKOT HA
[POLECOT HA ONTHMH3ALM|ATA HA AHANHTHYKHTE METONHM H 100HBaE HA CHIYPHH HH(OPMALIHK
MpH aHATH3A HA CII0KEHH CHCTEMH.

AM3a]HHPAETO EeKCIIEPUMEHTH NoApasfHpa CHCTEMATCKO MIAHMPALE M M3BeIa Ha
CRCMICPUMCHTHTE, KAKO W BOBECAYBAH:E HA MATEMATHUKH KPHTEPHYMH 33 MPOLEHKA Ha NoOHeHHTe
CRCOCPUMCHTANHY PesyaTaTH. KOpekTHO NPUMEHETHTE MATEMATHUKH KPHTEPHYMH {paxTopeku
An3ajan) s 00padoTka na A06HEHHTE eKCIEPUMENTANHI PE3YITATH OBO3MONCY BAAT MAKCHMAIHO
HCKOPHCTY BAHRE HA NOAATOUHTE LOOHEHH 04 NIAHHPAHHTE EKCNEPHMEHTH M NABAAT MKHOCT 3a
[TPCABHAYBAILE HA HUBHWTE ONTHMATHH BPEIHOCTH. ONTHMM3ALH]jaTa HA EKCMIEPUMEHTANHNUTE
BPEAHOCTH HA MPETXOAHO YTBPACHHTE 3HAYAJHM EKCIEPHMEHTANHM (GAaKTOpH ce BPUIM O
MPHMEHE Ha COONBETEH (DAKTOPCKM JH3AjH M KOHCTPYMpame Ha AMjarpaM Ha MOBPLIMHATA Ha
OATOBOPOT Ha eKCnepumMenTannuoT cucteM (Responce surface methodology, RSM). Hujarpamort
Ha MOBPLUIMHATA HA OATOBOPOT HA eNeKTPOOPErPaMCKHOT CHCTEM JABA MOMKHOCT 3a VTBPIYBAHE
Hel OITHMATHOTO CKCNEPHMEHTANHO NOjpayje, KAKO M 3a YTBPAYBAWE HA eKCHePHMEHTANHOTO
NOAPaYje HA HCMHTY BAHHTE (akTopy Kaue ce MOWKHH METY{PAKTOPCKH HHTEPAKIIHH.

JeMajku rM npeaBMs OBHe CO3HAHH|A, HA KPAjOT Ol BOBEIHHOT del, JOKTOPaHTKAaTa T'H
HABCILYBA 1€TMTE HA TPYLOT, ONTHMH3ALM])a HA METOJ Ha KANMJIapHa 30HCKA enexkTpoopesa
(CZE) co npumena ua llewrpanen xommosuten CTPAHHYHO UeHTpupad auzaja  (Central
Composite Face Centered, CCF Design) u  xoucrpyupame Ha AMjarpaM Ha NOBPLIMHATA Ha
DATOBODOT HA CKCNEPHMCHTANHMOT cHeTeM (Responce surface methodology, RSM).

Bo nenor Marepujanm u mertoan”, cooasero ce NpHKaKaHH MOTpeOHHTE MaTepujany
3a ONTMMH3ALM]A HA METOOH CO NpHMeHa Ha KanuilapHa 3oHcka enexktpodopesa (CZE) kako u
Au3ajHupannoT LleHTpanes KoMMIo3uTeH CTPaHMYHO LUeHTpupan nu3aju (Central Composite Face
Centered, CCF Design) nusaju. Kopuerenn ce wecr ananoiu ua HHCYMHH CO BHCOK CTEeNeH Ha
wemucka cimyHoeT (Humulin®R (Lilly) and Humalog® (Lilly), Lantus® SoloStar® (Sanofi),
Apidra® SoloStar® (Sanofi). NovoRapid® Penfill® (Novo Nordisk), Levemir® FlexPen®
(Novo Nordisk))

Bo nenor Pesyararu u AHCKYCHja”, jacHo (Tafenapuo u cnukoBHTO) ce HIPHKAKAHH
NOOHEHHTE  pesyaTarH, a AMCKYCHJaTa € BoDeHa pasbHPIHBO M CO JIOrHYen peaocne.
MNpukakano e saujanuero Ha Ipu cxenepumenTannn dakropuw: pH na BGE {background
¢lectrolyte, a solution of a bulfering salt) o excnepumentanen panr on 8-10, konueHTpauuja Ha



nyipep BO CKCTIEPUMETAIEH PaHT 01 40-60 mM # oncer Ha NIPUMEHETHOT HAMOH O] 10-30 kV.

Ilpumenerara METOIONOrH]a HA KOHCTPYHpale Ha anjarpaM  Ha 10BpLIMHATA  HA
Q/ArOBOPOT HA EKCMCPHMEHTAIHHOT CHCTEM ykaiypa feKka BO CHTE Cry4aH, Kdj cuTe
aNAIM3ApaHH  npAMepoun  Qakrop  co HAjroleMo BAMjaHWe € TPHUMEHSTHOT HAIOH,
3roNeMyBaETO Ha HAMOHOT € 00PaTHO MPONOpUHOHATEH CO BPEMETO Ha MHTpaLluja. Bawjannero
Ha HANOHOT € MO3HAYajHO Ol BIM)AHHETO HA Guno KOj JPYT MCIMTYBaH (axTop, HIiH
komBuHaimja Ha daxropu (pH 1 BGE konuenTpaiyja, pH 1 nanos uim BGE konuexTpaumja u
paron). Opa Moxe 1a ce 00jacHH co (axTOT neKa 3rofeMyBakeTo Ha HanoHOT BO CE pezyaTupa
€O MOBMCOKA jauMHA HA MOJIETO. WITO MPEIM3BUKYBA 3TONEMYBAIbE HA ENEeKTPO — OCMOTCKHOT
npotok (EOF). Cnencreeno, BpeMeTo Hi MHTpaLMja Ha AHAIWTHTE CC HaMalyBa H HUBHATA
enekTpodopeTHHlia NOABHKHOCT Ce 3roNeMH. BTop paxrop no samjanue ¢ pH na BGE, koj ucto
TaKa WM BaykHA ekt Bp3 BPCMETO Ha onpojveatse. [Tpomennre na pH na nydepoT BAKjaar Ha
OIBO]VBAFKE CO MIMEHYBAILE HA MOJIHCKOT HA AHATMTOT W CO IPOMEHA 1a €J1eKTPOOCMOTCKH
nporTok. OBHE HAO/H CYTEPHpaaT JACKaA pH BapujanmMjara ce 4MIH 1eKa ¢ Haje(PEeKTHBIHOT MCTO
3a konrponupaibe Ha CE cenapauujara, a co T0a U Ha BPEMETO HA anajuza. Crnopel KOHTYPHHTE
aMjarpaMu, OJIHECYBaHETO Ha MHIpalHjaTa HA CEKOj AHANOr Ha MHCY/IMH € MHOTY CIWHCH
nopajgM HHBHMOT BHCOK CTEeNEH Ha XEMHCKa CAHYHOCT. Kopucrejki 1w mujarpaMute Ha
[OBP/KHHA HA OATOBOP, YTBPIEH € ONTHMATHHOT ONCer Ha (haKTopHTE CO HAJIONEMO BIHjaHHE,
pinyuyeajkn pH B KOHIEHTpalKja Ha nyep, BO OAHOC Ha HAMAIYBALETO Ha BPEMETO HA
ananu3aTa. Bo 3aBHCHOCT 0/1 TOA 3@ KOj HHCYJIHHCKH aHanor cranysa 300p, ONTHMAIHHOT ONCer
Ha M3Bpany (PaKTopH 3a MOCTUTHYBALE HA NPETIOMATAHO BPEME 34 anaiau3a o 8-10 MunyTH ce:
npumener Hanod 20-25 kV, pH na nydep oa 8.5-9,5 3a konuentpanuja na nydep 40 mM
AMOHMYM A11eTaT.

Bo 3akay4amuTe corielyBama, JOKIOpaHTKata [H cyDIIMMHPA  PE3YITATHTE O/l
CHIPOBEIEHUTE MCTPAXKYBathd, HCTAKHYBAJKH [0 3HAUEHETO Ha  [OCTHIHATHTC pe3ynarH
[TpuMeHeTara METO/10J0TH]a Ha ONTHMM3ALM]A He METOJ Ha KalnHIapHa 30HCKA enexkTpodopesa
(CZE) co npumena Ha LleHTpaicH KOMMOIUTEH CTPAHHYHO uentpupan ausajH (Central
Composite Face Centered, CCF Design) u KOHCTpyMpaihe Ha AdjarpaM Ha NOBPIIMHATA HA
0rOBOPOT Ha eKcrepHMeHTanuuoT cuerem (Responce surface methodology, RSM) nokasa jexa
IPUCTANOT HA AHAIM3A HA BIMJAHMETO HA CCKOj NapaMeTap BO MMIPALMCKOTO OAHECYBAILE HA
AMATMIMPAHNTE NENTHIH OBOIMOMKH g Ce NPOLEHAT Haj1obpuTe eneKTPOOPETCKH YCIOBH 3a
QABOJY BAMLE HA aHATIOZIMTE HA HHCYIHH.

3AKJIYYOK

[lo nperiieioT Ha CEMMHAPCKMOT TPyJ MO Hac10B LAEMOMETPHCKH  TIpHCTaN 34
ONTHMM3ALM]A HA EKCTIEPHMEHTATHH YCOBM 33 PA3lBOjyBare Ha aHal03W Ha HHCYIMH CO
IpMMEHa HAa METOI Ha KamuiapHa enekrpodopesa’ Ha JOKTOPAHIOT Baepra [lajazuTi,
PelieH3eHTCKaTa KOMUCH]A KOHCTATHPA JeKa cTaHyRa 300p 3a HayueH TpyI k0] ceondaTHo T
obpaboTysa 3HAMEHETO HA TPHUMEHATA HA XCMOMETPHCKHOT MpHCTAll Tipn OnTHMH3AIM]A HA
METOJ1 Ha KanuiapHa enektpodiopesa 3a pa3iBojyBake Ha aHANO3H HA MHCYJIHH CO BHCOK CTENCH
Ha XeMHCKA C/THYHOCT.



IPEL10T

Bps ocHoBa Ha ropenaeeneHoro, Peuensenrtekara KOMHCH]A MO3HTHEHO To OLEHYBA
JIOCTABCHHOT CEMMHAPCKH TPYA MO HACIOB AEMOMETPHCKH MPHCTAL 3a ONTHMHM3AUMja Ha
CRCNCPHMEHTATHH YCJIOBH 3a Pa3iBOjVBAbE HA aHAIO0MH Ha HHCYIIMH CO IMPHMEHA HA METON Ha
KaltinapHa enexrpodopesa® na aoxropanaot baepra TMajasuta u My npemnara na CoseTor Ha
AOKTOPCKH CTyAHH Ha (apMalerTckHOT dakyrrer npu YKHMM o Ckonje ma ro npudaru u

3AKAIKE HETOBA NIPE3CHTALIH]A.
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