BEZMIALEM VAKIF UNIiVERSITESI
SAGLIK BIiLIMLERI ENSTITUSU

TASARIMLA KALITE (QUALITY by DESIGN (QbD)) YAKLASIMIYLA
PLGA NANOPARTIKULLERININ ENDUSTRIYEL URETIMINE YONELIK
METOT GELISTIRILMESI

YUKSEK LiSANS TEZIi

Esma Nur DEVELI

Biyoteknoloji Anabilim Dah

Biyoteknoloji Program

Tez Damsmani: Dr. Ogr. Uyesi Fatemeh BAHADORI

TEMMUZ 2020



BEZMIALEM VAKIF UNiVERSITESI
SAGLIK BiLIMLERI ENSTITUSU

TASARIMLA KALITE (QUALITY by DESIGN (QbD)) YAKLASIMIYLA
PLGA NANOPARTIKULLERININ ENDUSTRIYEL URETIMINE YONELIK
METOT GELISTIRILMESI

YUKSEK LiSANS TEZI

Esma Nur DEVELI
(185309002)

Biyoteknoloji Anabilim Dah

Biyoteknoloji Program

Tez Damsmani: Dr. Ogr. Uyesi Fatemeh BAHADORI

TEMMUZ 2020



Bezmialem Vakif Universitesi, Saglik Bilimleri Enstitiisii’niin 185309002 numarali
Yiksek Lisans Ogrencisi Esma Nur DEVELI, ilgili yonetmeliklerin belirledigi
gerekli tiim sartlar1 yerine getirdikten sonra hazirladizi “TASARIMLA KALITE
(QUALITY by DESIGN (QbD)) YAKLASIMIYLA PLGA
NANOPARTIKULLERININ ENDUSTRIYEL URETIMINE YONELIiK METOT
GELISTIRILMESI” bashikli tezini asagida imzalar1 olan jiiri oniinde basari ile
sunmustur.

Tez Damsmam :  Dr. Ogr. Uyesi Fatemeh BAHADORI  ......................

Bezmialem Vakif Universitesi

Juri Uyeleri : Do¢. Dr. Fahri AKBAS e,
Bezmialem Vakif Universitesi

Dog. Dr. Melda ALTIKATOGLU
YAPAOZ
Yildiz Teknik Universitesi

Teslim Tarihi
Savunma Tarihi ' 9 Temmuz 2020



Aileme,



ONSOZz

Yiiksek lisans tezi olarak sundugum bu ¢alismada,

Akademik hayatimm en biiylik sansi olarak nitelendirdigim, mesleki ve insani
degerleri ile 6rnek edindigim c¢ok degerli damsmanim, Dr. Ogr. Uyesi Fatemeh
BAHADORI’ye tecriibeleri ile bana her zaman yol gosterdigi ve cesaretlendirdigi
i¢in sonsuz tesekkiirlerimi sunuyorum.

Tez c¢alismam siiresince laboratuvar olanaklarina erisim imkani tanityan
Biyoteknoloji Ana Bilim Dali bagkan1 Dog. Dr. Binnur TEMEL ve tiim biyoteknoloji
calisanlarina;

Calismamin Tasarimla Kalite boliimiinde katkida bulunan, desteklerini higbir zaman
esirgemeyen degerli Zahra ESKANDARI’ye ;

Microfluidizer ile ilgili tecriibelerini paylasan ve ¢alismalarimda katkida bulunan
degerli Erkan MANKAN’a ;

Egitim hayatim boyunca maddi manevi desteklerini esirgemeyen ve bana her zaman
inanan aileme tesekkiir ederim.

Bu calisma Bezmialem Vakif Universitesi Bilimsel Arastirma Projeleri Komisyonu
Baskanligi tarafindan 9.2019/14 numarali proje ile desteklenmistir.

Haziran 2020 Esma Nur DEVELI
(Molekuler Biyolog)



BEYAN

Bu tez caligmasinin kendi c¢alismam oldugunu, tezin planlanmasindan yazimina
kadar biitiin safhalarda etik dis1 davranisimin olmadigini, bu tezdeki bitun bilgileri
akademik ve etik kurallar icinde elde ettigimi, bu tez caligmasiyla elde edilmeyen
biitiin bilgi ve yorumlara kaynak gosterdigimi ve bu kaynaklar1 da kaynaklar listesine
aldigimi, yine bu tezin c¢alisilmasi ve yazimi sirasinda patent ve telif haklari ihlal
edici bir davranisimin olmadigini beyan ederim.

Esma Nur DEVELI

Imza



ICINDEKILER

Sayfa

ONSOZ ...ttt sttt s sttt en st iv
BEY AN Lttt %
ICINDEKILER .......c.oooviiiieeeeeeeeee ettt nen s Vi
KISALTMALAR ..ottt viii
SEMBOLLER ...ttt sttt sttt et sneenneenee e IX
TABLO LISTESI .....coooiiiiiiiiiiiiii st ix
SEKIL LISTEST .......coviiiiiiieiceeeeee sttt st Xi
O ZE T XVi
SUMMARY ettt ettt et e b e s be et e ase e teeneeabe e beenteareesaeeneeereenes XVii
1. GIRIS VE AMAGC ..ottt 1
2. GENEL BILGILER ..........c.oiiiiiiiiiee et 4
2.1 NanOteKNOLOJi. .. cuveeeit e 4
2.2 Nano lag Tasima SiStemMIeTi. ... ..ouuineninie e, 4
2.2. L LIPOZOM . ..t 6
2.2.2 DENAIIMEL ... et 7
223 MISBL. ..o 9

2.3 Hedefli Kanser TedaviSi..........ouvuiuiuiiiiii e, 10
2.3.1 Pasif hedeflendirme. ..o 10
2.3.2 Aktif hedeflendirme....... ... 12

2.4 Polimerik Nanotagty1cilar...........oooiiiii i, 14
2.5 Poli(laktik-ko-glikolik asit) (PLGA)........ccovviiiiiiiiieie e 15
2.6 Tasarimla Kalite Yaklagimi (Quality by Design)..............coooiiiii. 16
2.6.1 Merkezi kompozit tasarim (CCD).........coviiiiiiiiiiii e 17
2.6.2 Box-Behnken deney tasarimi...........coevoeiuiiiiiiiiiiiiiiiiiee 18
2.6.3 Plackett-Burman deney tasarimi...............coeeuviriirineaniiniinieaneannn, 19

2.7 Nanotastyicilarm Endiistriyel Uretimi................ccooooieiieeiiiiieaieeann, 20

2. 7.1 POt OIGEK. ...t 20
2.7.2 EndUstriyel OIGekK. ... ..o 20
2.7.3 Yasanan SOTUNIAT. ...........c.ooiutiint it i e 20

2.8 Basing Homojenizatorleri............oouiiiiiiiiiii e 21
2.8 1 MICIOFIUIAIZEN ... 21
2.8.2 Microfluidizer modelleri..........ooiii i 24
2.8.3 Microfluidizer ile microfluidics farki...........ccoccveeviiiieeiiii e, 25

Vi



3. GEREC VE YONTEM ...c.coiiiiiiiciiiete ettt 26

I R €T T o TP P OPPR 26
3. L1 CHNAZIAT ... 26
3.1.2 KIMYASAIIAT .....cvveieeieciie et 26

B2 YONIEBM ..o e 26
3.2.1 Tasarimla kalite (QbD) yaklagimiyla CCD deneysel matrisinin

OIUSTUIUIMAST. ... 26
3.2.2 Geleneksel YONtem .. ... ..o 29

3.2.2.1 Geleneksel yontem ile PLGA nanopartikiillerinin hazirlanmasi........ 30
3.2.2.2 Geleneksel yontem ile hazirlanan PLGA nanopartikiillerinin stabilite

TESTIEIT. 30
323 MICrOfIUIAIZEr . ... 30

3.2.3.1 Microfluidizer cihazinda islenecek olan PLGA nanopartikiillerinin

hazirlanmast. ... ..o 30

3.2.3.2 Microfluidizer cihazinda islem.....................ccooiiiiii .. 32
3.2.3.3 Microfluidizer sonrast PLGA nanopartikillerinin stabilite testleri.....33

3.2.4 QbD yaklasimi ile optimize sayilarin belirlenmesi..........cccovvcvenieiiinennnnn 34

4. BULGULAR ve TARTISMA ... ...ttt 35

4.1 Geleneksel Yontemle Hazirlanan PLGA Nanopartikiillerinin Boyut

N Te) 118 01 F: 3 D 35
4.1.1 1.glin boyut SONUCIATT. ...\t 35
4.1.2 15.glin boyut sonuglart..............oooiiiiiiii 46
4.1.3 60. gln bOYUt SONUGLATT ....veiviiiiiiiiiiieiisie e 57

4.2 Geleneksel Yéntemle Hazirlanan PLGA Nanopartikiillerinin Zeta Olgiimleri 68

4.3 Microfluidizer Sonras1 PLGA Nanopartikiillerinin Boyut Olgtimleri ............. 80
4.3.1 1. glnboyut BlcUmIeri.... ..o 80
4.3.2 15.gun boyut OlgUmIeri...... ... 91
4.3.3 60. gUN boyut SIGUMIETT ..o 102

4.4 Microfluidizer Sonrast PLGA Nanopartikiillerinin Zeta Olgiimleri............ 112

4.5 Deneysel Tasarim.........ouuineiiii e 124
4.5.1 Tasarim modeli ve veri analizi............c.oooiiiiiiiiiiiiiiiiiiiii e, 124
4.5.2 Optimizasyon ¢aligmalari...........cccecviiiiiiiiiicii e 129
4.5.3 Modelin validasyonu. ...........oooiiiiiiii e, 135

5.SONUC ve ONERILER............ccccooviiiiiiiieiieeeeteeessee e, 137
KAYNAKLAR Lttt bbb sneenne s 139
ERLER ... et ettt et ne e teaneenne s 146
(0 Y7€) 00117 I 15T 157

vii



KISALTMALAR

CCD
DI
DoE
FDA
mL
nm
Pdl
PLGA
QbD
T80

: Central Composite Design

: Desirability index

: Design of Experiment

: Food and Drug Administration
: Mililitre

- Nanometre

: Polydispersity index

: Poli laktik ko glikolik asit

> Quality by Design

: Tween 80

viii



SEMBOLLER

psi

: Basing birimi



TABLO LIiSTESI

Tablo 2.1 :
Tablo 2.2
Tablo 2.3
Tablo 3.1
Tablo 3.2
Tablo 4.1 :

Tablo 4.2
Tablo 4.3
Tablo A.1:

TabloB.1:

Sayfa

Uc diizeyli ve (¢ faktorlii bir Box-Behnken tasarimi...................... 18

: 11 faktor 12 deney iceren Plackett-Burman tasarimi....................... 19

D PartiklUl DOYULU. ..., 24

: CCD tasariminda secilen degiskenler......................o.o, 27

: CCD deneysel MatriSi......uvuuirientitiet et ettt eeeeenaenn 27
A)2,38 ve 46 numarali formiilasyonlar i¢in, B)12,26 ve 30 numarali

formiilasyonlar igin gecis sayisi ve Z-Ave karsilagtirmasi............... 123

: CCD deneysel MatriSi.....couvuuiueitiieineiiiii e, 127

2Optimize degerler. ..o 129

Geleneksel yontemle hazirlanan formiilasyonlarin 1-3-5-7-15 ve 60.gun
boyut ve zeta SonuGlart............ooeiiiii i 147
Microfluidizer sonras1 1-7-15-30 ve 60.giin boyut ve zeta sonuglar1...149



SEKIL LISTESI

Sayfa
Sekil 2.1 : Farkli tipteki nanotasiyicilarin sematik gOSterimi.. .....ccoevvvvvviveeiivensiinens 5
SeKil 2.2 2 Dendrimer YaAPISI. ...ccueeiuieiiiieiriiiesieesieer et 7
Sekil 2.3 : Dendrimerlerin ve diger dendritik polimerlerin sentezi i¢in ana sentez
VOLLATT. ..o e 8
Sekil 2.4 : PEG takili lipozom (sol) ve PEG takilmis fosfolipit misel yapisi (sag)...9
Sekil 2.5 : Tumor vaskilatoriinin anatomik ve patofizyolojik anormalliklerini
kullanarak nanopartikillerin EPR etkisi ile pasif hedeflenmesi...........11
Sekil 2.6 : Pasif ve aktif hedeflendirme. ..., 12
Sekil 2.7 : Nanotasiyicilarin hedeflendirilmesi...............cooiiiiiii i, 13
Sekil 2.8 : ilag tasima sistemlerinde kullanilan polimerlerin dogal-sentetik ve
biyobozunurluklarina gore siniflandirilmasi..........................oc.ee 14
Sekil 2.9 : Kopolimerin hidrolizine dayali olarak PLGA nin biyolojik olarak
parcalanabilirligi. ... 16
Sekil 2.10 : Merkezi kompozit tasariminin grafiksel gosterimi......................... 17
Sekil 2.11 : Microfluidizer ¢calisma prensibi.............coooviiiiiiiiiiiiiii e, 22
Sekil 2.12 : Microfluidizer islemcisinin kalbi olan fiks geometri etkilesim odasi....23
Sekil 2.13 : Microfluidizer LM20...... ... 25
Sekil 3.1 : PLGA nanopartikullerinin geleneksel lab 6lcekli Gretim prosesi.........29
Sekil 3.2 : Rotor-stator mikseri yardimiyla 6n karigim hazirlanmasi.................. 31
Sekil 3.3 : Microfluidizer LM20 cihazi, cihazin kalbi olan 6zel etkilesim odast.....32
Sekil 3.4 : Coklu manyetik karistirici ile aseton buharlastirma islemi..................... 33
Sekil 4.1 : PLGA83-lowT80 nin a) siddetce dagilimi (intensity), b) sayica dagilimi

Sekil 4.2
Sekil 4.3
Sekil 4.4
Sekil 4.5
Sekil 4.6
Sekil 4.7
Sekil 4.8

Sekil 4.9

(number) ve ¢) hacimce dagilimi (volume)....................oooeiean. 36

: PLGA83-highT80’nin a) siddetce dagilimi (intensity), b) sayica dagilimi

(number) ve c) hacimce dagilimi (volume)..............coeiiiiininnnnn 37

: PLGA100-lowT80’nin a) siddetce dagilimi (intensity), b) sayica

dagilimi (number) ve ¢) hacimce dagilimi(volume)........................ 38

: PLGA100-highT80’nin a) siddetce dagilimi (intensity), b) sayica

dagilimi (number) ve ¢) hacimce dagilimi (volume) .......................39

: PLGA125-1owT80 nin a) siddetce dagilimi (intensity), b) saylca

dagilimi1 (number) ve ¢) hacimce dagilimi (volume) ....................... 40

: PLGA125-highT80 nin a) siddetce dagilimi (intensity), b) sayica

dagilimi1 (number) ve c¢) hacimce dagilimi (volume)....................... 41

: PLGA150-1owT80’nin a) siddetce dagilimi (intensity), b) sayica

dagilimi1 (number) ve ¢) hacimce dagilimi (volume)....................... 42

: PLGA150-highT80’nin a) siddetce dagilimi (intensity), b) sayica

dagilimi (number) ve ¢) hacimce dagilimi (volume)...................... 43

: PLGA167-lowT80 nin a) siddetce dagilimi (intensity), b) sayica

dagilimi (number) ve c) hacimce dagilimi (volume)..................... 44

Xi



Sekil 4.10 :
Sekil 4.11 :
Sekil 4.12 :
Sekil 4.13 :
Sekil 4.14 :
Sekil 4.15 :
Sekil 4.16 :
Sekil 4.17 :
Sekil 4.18 :
Sekil 4.19 :
Sekil 4.20 :
Sekil 4.21 :
Sekil 4.22 :
Sekil 4.23 :
Sekil 4.24 :
Sekil 4.25 :
Sekil 4.26 :
Sekil 4.27 :
Sekil 4.28 :
Sekil 4.29 :
Sekil 4.30 :
Sekil 4.31 :
Sekil 4.32 :

Sekil 4.33 :

PLGA167-highT80 nin a) siddetge dagilimi (intensity), b) sayica

dagilimi (number) ve c¢) hacimce dagilimi (volume)........................ 45
PLGA83-lowT80 nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume)......................ooonil, 46
PLGA83-highT80 nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume).................oooeiviinininn, 48
PLGA100-lowT80 nin a) siddet¢ce dagilimi (intensity), b) sayica
dagilimi (number) ve c¢) hacimce dagilimi (volume) ...................... 49
PLGA100-highT80 nin a) siddetce dagilimi (intensity), b) sayica
dagilimi (number) ve c¢) hacimce dagilimi (volume)........................ 50
PLGA125-1owT80 nin a) siddetce dagilimi (intensity), b) sayica
dagilimi (number) ve ¢) hacimce dagilimi (volume)....................... 51
PLGA125-highT80 nin a) siddetce dagilimi (intensity), b) sayica
dagilimi (number) ve ¢) hacimce dagilimi (volume)....................... 52
PLGA150-lowT80 nin a) siddetce dagilimi (intensity), b) sayica
dagilimi1 (number) ve ¢) hacimce dagilimi (volume)....................... 53
PLGA150-highT80 nin a) siddetge dagilimi (intensity), b) sayica
dagilimi1 (number) ve ¢) hacimce dagilimi (volume)....................... 54
PLGA167-lowT80 nin a) siddetce dagilimi (intensity), b) sayica
dagilimi (number) ve ¢) hacimce dagilimi (volume)....................... 55
PLGA167-highT80 nin a) siddetge dagilimi (intensity), b) sayica
dagilim1 (number) ve c¢) hacimce dagilimi (volume)....................... 56
PLGA83-lowT80 nin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve c) hacimce dagilimi (volume)................cooevveninnnnnn.. 57
PLGA83-highT80 nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve c) hacimce dagilimi (volume)...............cceeeeveninnnnnn.. 59
PLGA100-lowT80 nin a) siddetce dagilimi (intensity), b) sayica
dagilimi1 (number) ve ¢) hacimce dagilimi (volume)....................... 60
PLGA100-highT80 nin a) siddet¢e dagilimi (intensity), b) sayica
dagilimi1 (number) ve ¢) hacimce dagilimi (volume)....................... 61
PLGA125-1owT80 nin a) siddetce dagilimi (intensity), b) sayica
dagilimi1 (number) ve ¢) hacimce dagilimi (volume)....................... 62
PLGA125-highT80 nin a) siddetge dagilimi (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume)....................... 63
PLGA150-lowT80 nin a) siddetce dagilimi (intensity), b) sayica

dagilimi (number) ve c¢) hacimce dagilimi (volume)....................... 64
PLGA150-highT80’nin a) siddet¢e dagilimi (intensity), b) sayica
dagilimi (number) ve c¢) hacimce dagilimi (volume)....................... 65
PLGA167-lowT80 nin a) siddetce dagilimi (intensity), b) sayica
dagilimi (number) ve c¢) hacimce dagilimi (volume)....................... 66
PLGA167-highT80’nin a) siddet¢e dagilimi (intensity), b) sayica
dagilimi (number) ve ¢) hacimce dagilimi (volume)....................... 67
PLGAB83-lowT80’nin zeta dl¢lim sonuglari a) 1.giin, b) 15.gilin ve c)

xii



Sekil 4.34 :
Sekil 4.35 :
Sekil 4.36 :
Sekil 4.37 :
Sekil 4.38 :
Sekil 4.39 :
Sekil 4.40 :

Sekil 4.41 :
Sekil 4.42 :

Sekil 4.43 :
Sekil 4.44 :
Sekil 4.45 :
Sekil 4.46 :

Sekil 4.47 :

Sekil 4.48

Sekil 4.49 :
Sekil 4.50 :
Sekil 4.51 :
Sekil 4.52 :
Sekil 4.53 :
Sekil 4.54 :
Sekil 4.55 :
Sekil 4.56 :
Sekil 4.57 :

Sekil 4.58 :

PLGA100-highT80’nin zeta 6lgiim sonuglari a) 1.glin, b) 15.gin ve c)

B0.GUN . e 72
PLGA125-1owT80 nin zeta dl¢iim sonuglari a) 1.giin, b) 15.giin ve ¢)
B0.00N . e 73
PLGA125-highT80’nin zeta 6lglim sonuglari a) 1.giin, b) 15.giin ve ¢)
B0.00N . e e 74
PLGA150-lowT80’nin zeta 6lglim sonuglari a) 1.glin, b) 15.gun ve c)
B0.00N . e 75
PLGA150-highT80’nin zeta 6l¢iim sonuglar1 a) 1.giin, b) 15.glin ve c)
B0.00N . e 76
PLGAL167-lowT80’nin zeta 6lglim sonuglari a) 1.glin, b) 15.gun ve c)
B0.00N . e e 77
PLGAL167-highT80’nin zeta 6lgliim sonuglari a) 1.glin, b) 15.gin ve c)
B0. 00N, e 78
a) 1. Formulasyonun 3.gin b) 10.formilasyonun 5.gin gorseli..........79
PLGA-17’nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume)....................ooooeieen. 80
PLGA-29’un a) siddetce dagilimi (intensity), b) sayica dagilim1
(number) ve c) hacimce dagilimi (volume)................cooevvininnnnnn.. 82
PLGA-1’in a) siddetce dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume)...............ooooiiii 83
PLGA-24"in a) siddetce dagilimi (intensity), b) sayica dagilim1
(number) ve c) hacimce dagilimi (volume)................cooevveninnnnnn.. 84
PLGA-47’nin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve c) hacimce dagilimi (volume)..............coveiiiininnnnn. 85
PLGA-54"1in a) siddetce dagilimi (intensity), b) sayica dagilim1
(number) ve ¢) hacimce dagilimi (volume)....................oooeiean. 86

: PLGA-14’{in a) siddet¢e dagilimi (intensity), b) sayica dagilimi

(number) ve c¢) hacimce dagilimi (volume)..................cooieiean. 87
PLGA-7’nin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume)....................oooiiain 88
PLGA-28’in a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve c) hacimce dagilimi (volume)..............ooovvviniinininnn.n 89
PLGA-55’in a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).............cooooiiiiiiiiiiiii e, 90
PLGA-17’nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume)...............oooeiiiiiiniininn, 91
PLGA-29’un a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume)...............cooovviiiiiiii, 93
PLGA-1’in a) siddetge dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume)............cooooiiiiiiiiiiii 94
PLGA-24’{in a) siddetce dagilimi (intensity), b) sayica dagilim1
(number) ve ¢) hacimce dagilimi (volume)...............ccoovviiinnnn... 95
PLGA-47’nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume)...............ccoovvviinnnn... 96
PLGA-54’lin a) siddetce dagilimi (intensity), b) sayica dagilim1
(number) ve ¢) hacimce dagilimi (volume)...................ooooeeen... 97
PLGA-14’lin a) siddet¢ce dagilimi (intensity), b) sayica dagilim1
(number) ve ¢) hacimce dagilimi (volume)...............ccooovviinnn... 98

Xiii



Sekil 4.59 :
Sekil 4.60 :
Sekil 4.61 :
Sekil 4.62 :
Sekil 4.63 :
Sekil 4.64 :
Sekil 4.65 :
Sekil 4.66 :
Sekil 4.67 :
Sekil 4.68 :
Sekil 4.69 :
Sekil 4.70 :
Sekil 4.71 :
Sekil 4.72 :
Sekil 4.73 :
Sekil 4.74 :
Sekil 4.75 :
Sekil 4.76 :
Sekil 4.77 :
Sekil 4.78 :
Sekil 4.79 :
Sekil 4.80 :
Sekil 4.81 :

Sekil 4.82 :
Sekil 4.83 :

Sekil 4.84

Sekil 4.85 :

Sekil 4.86 :

Sekil 4.87

PLGA-7’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)

ve ¢) hacimce dagilimi (volume).............oooviiiiiiiiiiiiie e, 99
PLGA-28’in a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume)............c.ooeviiiiiiiiiiiiii i, 100
PLGA-55’in a) siddetge dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume)............c.oovviiiiiiiiiiiiiii i, 101
PLGA-17’nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve c) hacimce dagilimi (volume).................coeeeinnn.n 102
PLGA-29’un a) siddet¢e dagilimi (intensity), b) sayica dagilim1
(number) ve ¢) hacimce dagilimi (volume)................ocooveiiinennn. 104
PLGA-24’lin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilim1 (volume)................ooovveiiinnnnn. 105
PLGA-47’nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume)....................cooiein. 106
PLGA-54"1in a) siddetce dagilimi (intensity), b) sayica dagilim1
(number) ve c¢) hacimce dagilimi (volume)....................oooeenie. 107

PLGA-14"in a) siddetce dagilimi (intensity), b) sayica dagilim1
(number) ve c) hacimce dagilimi (volume)................ccovvveninnnn... 108
PLGA-7’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume)..............oooooiiiiiiii 109
PLGA-28’in a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume)..............ooiiiiiiiiiiii 110
PLGA-55’in a) siddetge dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume)...........c.oveiiiiniiiiieiiienena, 111
PLGA-17’nin zeta 6l¢im sonuglari a) 15.gin, b) 30.giin ve ¢)60.gun.112
PLGA-29’un zeta 6lgtim sonuglar1 a) 15.gin, b) 30.giin ve ¢) 60.giin.114
PLGA-1’in zeta 6l¢iim sonuglart a) 15.giin, b) 30.gun ve ¢) 60.giin...115
PLGA-24’lin zeta 6lgtim sonuglar1 &) 15.giin, b) 30.giin ve ¢) 60.giin.116
PLGA-47’nin zeta 6l¢lim sonuglari a) 15.giin,b) 30.gun ve c) 60.gun.117
PLGA-54"1in zeta 6lgtim sonuglar1 &) 15.giin, b) 30.giin ve ¢) 60.giin.118
PLGA-14’{in zeta 6l¢iim sonuglart @) 15.g(in, b) 30.giin ve ¢) 60.giin.119
PLGA-7’nin zeta 6l¢iim sonuglar1 a) 15.giin, b) 30.giin ve c) 60.gun..120
PLGA-28’in zeta 6l¢iim sonuglart @) 15.gun, b) 30.gin ve c¢) 60.gln..121
PLGA-55’in zeta 6l¢iim sonuglart a) 15.gun, b) 30.gin ve c¢) 60.gln..122
6 numarali formiilasyonun 30.giin goriintiisii (kiif olusumu)............ 123
40 numarali formiilasyonun 21.giin goriintiisii (agregat olusumu)......123
PLGA miktari, T80 miktar1 ve basincin zeta potansiyel iizerindeki

etkilerini gosteren tepki yuzey grafikleri...........................ooll 130
: PLGA miktar1, T80 miktar1 ve basincin PdI tUzerindeki

etkilerini gosteren tepki yuzey grafikleri...........................ooll 130

PLGA miktar1, T80 miktar1 ve basincin Z-Ave Uzerindeki

etkilerini gosteren tepki yuzey grafikleri...........................ool. 131

Zeta potential degerinin parametreler tizerine etkisini gosteren kontur

grafikleri. .. ... 132

:PdI degerinin parametreler iizerine etkisini gosteren kontur grafikleri.133

Xiv



Sekil 4.88 : Z-Ave degerinin parametreler iizerine etkisini gosteren kontur
grafikIleri. .. ..o

XV



TASARIMLA KALITE YAKLASIMIYLA PLGA
NANOPARTIKULLERININ ENDUSTRIYEL URETIMINE YONELIK
METOT GELISTIRILMESI

OZET

Nanopartikillerin endiistriyel iiretimine yonelik var olan bilgi ve arastirma eksikligi
bu tasiyicilarin farmasotik pazarina girigini engelleyen biiyiikk bir etkendir. FDA
tarafindan altin standart olarak kabul edilen, biyouyumlu ve biyobozunurluk
avantajlartyla 6ne ¢ikan PLGA nanopartikillerinin konvansiyonel olarak birgok
liretim yontemi olmasina karsin bu yontemler endiistriyel 6l¢ekte iiretime uygun
degildir. Kullanilan en yaygin yontemlerden olan emiilsiyon olusturma-¢0zicu
buharlagtirma islemi, siringa ile organik fazi su fazina yavasca damlatma
basamagindan dolay1 biiyilik 6lgekler igin uygun bir yontem olmaktan ¢ikar. Yuksek
basing homojenizatdrii prensibi ile ¢alisan Microfluidizer teknolojisi ‘kendiliginden
duzenlenen (self assembly)’ sistemlerin endiistriyel tiretimi i¢in uygun cihazlardir.
Microfluidizer, dogrusal hacimsel 6lgeklendirme sayesinde pilot liretimde gelistirme
asamalarindan tasarruf saglar ve scale-up garantisini sunar. Microfluidizer teknolojisi
dar partikiil boyut dagilimi sonuglar iireterek daha fazla stabilite, daha uzun raf émrii
ve verimli ham madde kullanimi saglar. Bu calismada formiilasyon parametreleri
tasarimla kalite yaklagimi ile optimize edilirken PLGA nanopartikiilleri
Microfluidizer cihaz1 yardimiyla pilot 6l¢ekte tiretilmistir. FDA tarafindan baglatilan,
Tasarimla Kalite, dnceden belirlenen hedeflere dayanan ve iirlinlin ilk safthasindan
ticarilestirildigi son sathasina kadar kontroliinii saglayan bir yaklagimdir. Tasarimla
kalitenin temelini deneysel tasarimlar olusturmaktadir. Merkezi kompozit tasarim ile
cihaz ve formulasyon faktorleri belirlenip 60 formulasyon igin deneysel matriks
olusturulmustur. Faktdr ve tepkilerle ilgili polinom denklemleri olusturulduktan
sonra Minitab 17 yazilimi ile PLGA nano ilag tasima sistemi ortalama partikil
biiyiikliigii, zeta potansiyeli ve PdI agisindan optimize edilmistir. Istenen limitler
ortalama partikiil biiytikliigii, zeta potansiyel ve PdI i¢in minumum standart sapmalar
olarak belirlenmistir. Bu cevaplar sayesinde optimize PLGA miktar1, T80 miktart,
basing seviyesi ve gegis seviyeleri belirlenmistir. Modelin validasyonu igin
endistride sikga kullanilan istenirlik endeksinden yararlanilmigtir. Kompozit
istenirlik degeri 0,955 olarak elde edilip bdylece modelin ve optimize edilmis
degerlerin hedefe iyi bir sekilde ulastigi gosterilmistir. Enjekte edilebilir (200
nm’den az), kararli (zeta potansiyel -20 mv’den yiiksek) ve dar bir Pdl degeri
(0,2’den az) ile PLGA nanopartikiilleri elde edilmistir.

Anahtar kelimeler : Microfluidizer, tasarimla kalite, pilot 6l¢ek, PLGA, merkezi
kompozit tasarim

XVi



DEVELOPMENT OF A METHOD FOR INDUSTRIAL PRODUCTION OF
PLGA NANOPARTICLES WITH QUALITY BY DESIGN (QbD)
APPROACH

SUMMARY

The lack of knowledge and research for the industrial production of nanoparticles is a
major factor preventing these carriers from entering the pharmaceutical market.
Although PLGA nanoparticles, which are accepted as the gold standard by the FDA,
which are biocompatible and prominent with their biodegradability advantages, have
many conventional production methods, these methods are not suitable for industrial
scale production. The emulsion-solvent evaporation process, which is one of the
most common methods used, is not a suitable method for large scales due to the step
of slowly dropping the organic phase into the water phase with the syringe.
Microfluidizer technology working with the principle of high pressure homogenizer
IS suitable devices for the industrial production of ‘self-assembly’ systems.
Microfluidizer saves development phases in pilot production and offers scale-up
guarantee thanks to linear volumetric scaling. Microfluidizer technology produces
narrow particle size distribution results, providing greater stability, longer shelf life
and efficient raw material utilization. In this study, while the formulation parameters
were optimized by quality by design approach, PLGA nanoparticles were produced
on a pilot scale with the help of Microfluidizer device. Launched by the FDA,
Quality by Design is an approach based on predetermined goals and providing
control from the first stage of the product to the final stage when it is
commercialized. Statistical experiment designs (Design of Experiments, DoE) form
the basis of the QbD approach. With the central composite design, device and
formulation factors were determined and an experimental matrix was created for 60
formulations. After the polynomial equations related to the factors and responses
were created, the PLGA nano drug delivery system was optimized in terms of
average particle size, zeta potential and Pdl with the Minitab 17 software. The
desired limits are determined as mean particle size, zeta potential and minimum
standard deviations for Pdl. Thanks to these answers, optimized PLGA amount, T80
amount, pressure level and transition levels were determined. For the validation of
the model, the desirability index, which is frequently used in the industry, was used.
The composite desirability value was obtained as 0.955, thus it was shown that the
model and the optimized values reached the target well. PLGA nanoparticles were
obtained with injectable (less than 200 nm), stable (zeta potential-greater than 20 mv)
and a narrow PdlI value (less than 0.2).

Keywords: Microfluidizer, quality by design, pilot scale, PLGA, central composite
design
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1. GIRIS VE AMAC

Son yillarda biyoteknolojideki gelismeler sayesinde ilag tasariminda ilerlemeler
saglanmistir. Hedefli kanser tedavisi saglikli hiicreleri en az sekilde etkileyerek,
kanser hiicrelerini hedeflemek icin tasarlanmis ilaglar1 kullanan bir tedavi
yontemidir. Hedeflendirilmis ¢esitli nano ilag tastyicilar kanser tedavisi i¢in dnem
tagimaktadir. Nano ilag tasima sistemlerine ornek olarak lipozomlar, miseller,
dendrimerler ve polimerik nanopartikiiller verilebilir. Bu ¢alisma da ise bir polimerik
nanopartikiil olan PLGA  nanopartikiilleri  se¢ilmistir. ~ Nanotasiyicilarin
nanopresipitasyon, diyaliz, salting-out, siiper kritik sivi teknolojisi gibi ¢esitli sentez
yontemleri bulunmaktadir. Fakat bu yontemler endistriyel Gretime uygun
olmadiklar1 i¢in laboratuvar Olceginde iiretilen nanotasiyicilardan elde edilen
sonuglar ila¢ endistrisine aktarilamamaktadir. Dolayisiyla laboratuvarda elde edilen
verilerin ~ klinik  arastirmalarda  kullanilmasinda  sorunlar  ¢ikmaktadir.
Laboratuvarlarda elde edilen her sonucun scale-up calismasiin yapilmasi, pilot
Olcekte tiretilmesi ve elde edilen sonucglarin biiyiikk Olgeklere aktarilmasinin
arastirilmasi biiyiik onem tagimaktadir. PLGA, basta FDA tarafindan altin standart
olarak tanimlanmasinin yaninda biyouyumlu ve biyobozunur oldugu i¢in siklikla
tercih edilen bir polimerdir [1]. PLGA nanopartikiilii tiretilmesi asamasinda en sik
kullanilan yontemlerden biri emiilsiyon olusturma-¢oziicli buharlastirma yontemidir.
Bu yontemde PLGA organik bir ¢ozelti igerisinde ¢oziiniip yavasga siirfaktan igeren
su fazinin i¢ine damlatilir ardindan oda sicakliginda organik ¢6ziiciiniin buharlagmasi
saglanir. Geleneksel yonteme ait olan bu asamalar endiistriyel iiretim i¢in uygun
degildir. Bir yiiksek basing homojenizatorii olan Microfluidizer cihaz1 ile yavas
yavas damlatma basamagmin ortadan kaldirilma imkani arastirilmaktadir. FDA
tarafindan onayli olan bu partikiiller stabilite sorunu yasadigindan, ticari olarak satig1
organik ¢ozicl icinde gerceklesmektedir. Oysaki gelisen teknolojiyle endstrinin
kullanimina sunulan yeni cihazlar bu sorunun ¢dziimii olabilir. Son yillarda nano ilag
tagiyict sistemlerin iiretimi i¢in tasarlanan Microfluidizer cihazinin PLGA
nanopartikiillerinin endiistriyel {iretiminde olas1 basar1 ve verimi bu projenin kapsami

icine girmektedir.



Microfluidizer teknolojisi 40000 psi’ye kadar basing, dar partikiil boyut dagilimi
olusturma ve uzun siireli stabilite saglama gibi bircok avantaj sunmaktadir.
Microfluidizer aracilig1 ile yavasca damlatma basamagi sorunu ortadan kaldirilmistir
ve bir diger sorun olan organik ¢oziiciiniin oda sicakliginda ugurulmasi igin bu tez
caligmasinda yapilan optimizasyon sonucu elde edilen formiilasyonun endiistride
kullanilan exproof kazanlar1 ile ¢0ziici buharlasgtirma sorunu da ortadan

kaldirilabilir.

Mikron boyutundaki partikiiller i¢in biiytlik 6l¢ekli iiretim yontemleri olmasina kargin
bircok nanopartikil icin endustriyel Uretime yonelik yontemlerde sorunlar
bulunmaktadir [2, 3]. Polimerik nanopartikiillerin hazirlanmasi i¢in kullanilan iiretim
metotlarinin Slgeklendirilmesine iliskin bilgi eksikligi, bu ilag tasiyici sistemlerin

farmasotik pazarina girigini engelleyen bir etkendir.

Uriin gelistirme siirecinde 6l¢eklendirme asamasi oldukc¢a &nemlidir. Ciinkii ¢ogu
zaman kiiclik 6l¢ekte gdoriinmeyen sinirlamalarin ¢ogu biiyiik Olgekte 6nemli hale
gelir ve hatta s6z konusu Grlintn endistriyel Uretime déniismemesine yol agabilir.
Uriin genellikle ilk gelistirme ¢aligmalarmdan daha biiyiik ancak endiistriyel
tiretimden daha kiiciik olan pilot Olgekte hazirlanir. Temel diisiince iiretimi
olabildigince iyilestirmek ve endiistriyel {iretime gegmeden Once calisma
parametrelerini optimize etmektir. Bu tez ¢alismasi scale-up garantisi sunan
Microfluidizer teknolojisi ve ¢alisma parametrelerini optimize eden tasarimla kalite

(QbD) yaklasimui ile endiistriyel {iretime 151k tutmaktadir.

Tasarimla kalite yaklagimi geleneksel deneysel yontemlerin aksine az sayida deney
ile dogru sonuca ulasmayi saglayan bir yontemdir [4]. QbD, Birlesik Devletler Ilag
ve Gida Dairesi (United States Food and Drug Administration, FDA) tarafindan
baslatilan bir girisimdir. ilag¢ sektdriinde iiriin gelistirme safhasinda fazla deneyler;
zaman, is giicii ve maddi kayba yol agmaktadir. Bu nedenle amaca ve dogru bir
sekilde sonuca ulasmaya hizmet eden uygun QbD modelinin segilmesi oldukca
onemlidir. Uygun deney tasarimlarinin segilmesi ile kritik faktorler ve uygun
seviyeleri, az sayida deney ile belirlenebilir. Ayrica proses ve formulasyonun
optimizasyonu amaci ile bu kritik faktorler ile kritik kalite 6zellikleri arasindaki

iligkiyi en iyi sekilde agiklayan matematiksel modeller olusturulabilir [5-9].



Merkezi kompozit tasarim (CCD) matematiksel olarak bir cevabi tahmin etmek veya
bir prosesi kesin olarak optimize etmek gerektiginde kullanilan ideal bir modeldir
[6].

Sunulan bu tez ¢alismasinin amact PLGA nanopartikiillerini  Microfluidizer
teknolojisi ile pilot Olgekte gelistirmek, iiretilen nanopartikiillerin kritik kalite
Ozellikleri olan Z-Ave, zeta potansiyel ve PdI iizerine nano formiilasyon ve islem
parametrelerinin  etkisini CCD modeli kullanarak QbD  yaklasimi ile

degerlendirmektir.



2. GENEL BILGILER

2.1 Nanoteknoloji

Nanoteknolojinin arkasindaki fikir ve kavramlar 1959 yilinda iinlii fizik¢i Richard
Feynman tarafindan baslatilmistir [10]. Eski yunanca da ciice anlaminda gelen nano
on eki metrenin milyarda birini tarif etmektedir. Nanoteknoloji; mihendislik,
biyoloji, fizik ve kimyadan tiiretilen gesitli cihazlari kapsayan ¢ok disiplinli bir
alandir [11]. Nanoteknoloji, ilag verme yoluyla hastaliklar1 tedavi etme bigimini
potansiyel olarak degistiren ve gelismekte olan bir alandir. Bununla birlikte, bu alani
Klinik olarak uygun tedavilere uygulamakta 6nemli zorluklar devam etmektedir.
Nanotastyicilarin viicutla etkilesimini kontrol etmek i¢in yeni yontemlerin tasarimi
ve kontrolii ayrica viicudun belirli bolgelerine hedefleme yontemleri elen alinmasi
gereken zorluklardir [12]. Son yillarda nanoilag tagima sistemlerindeki ilerlemenin,
Ongoriilebilir gelecek icin ila¢g endistrilerinin  bakis acisin1  degistirmesi
beklenmektedir. Nanoteknoloji diinya ¢apinda 6nemli bir 6ncelik haline gelmistir.
Boyutu 100 nm’den kiiclik olarak Tretilen ¢ok sayida nanopartikiil tiiketici
tirtinlerinde giderek daha fazla kullanilmaktadir [13].

2.2 Nanoila¢ Tasima Sistemleri

Geleneksel kematerapotik —stratejiler kanser tedavisine yardimci olsalar da
biyoyararlanimlar yiiksek degildir [14]. Bu nedenle geleneksel kemoterapiden dogan
toksik etkileri azaltirken ilaglarin farmasotik etkisini optimize edebilecek bir ilag
dagitim sistemine gerek vardir. Kanser ila¢ dagitiminda nanoteknolojinin
kullanilmasmin kanser igin yeni bir tedavi sekli yaratmasi beklenmektedir.
Nanoteknoloji, kanser terapisinde lipozomlar, miseller, dendrimerler, karbon nano
tlpler, polimer-ilag konjugatlari ve nanopartikiiller gibi farkli nanotasiyicilarin
kullanimi agisindan kritik bir role sahiptir. Nanotastyicilar, ilaci retikiiloendotelyal
sisteminden kagirarak etken maddeyi bozulmaya karsi koruyabilir boylece yiiksek

kan dolagimi profili saglanabilir. Ayrica hedeflenen hiicre i¢i boliimlerde ilacin



toksisitesini ve diger yan etkilerini azaltir. Son yillarda, ¢oklu kemoterapotik
ajanlarla yiiklenen g¢esitli nanotasiyict tipleri gelismis antikanser aktivitesi

gOstermistir [15].

Sekil 2.1: Farkl: tipteki nanotasiyicilarin sematik gosterimi.

Farkl1 tlirlerdeki kemoterapétik ilaglar nanotasiyicilara yiiklenebilir. Lipitten yapilan
lipozom, ¢oklu antikanser ilaclarin birlikte verilmesi icin giiclii bir arag olarak
kullanilabilir. Dendrimerler, ¢ekirdek ve ¢ekirdek etrafindaki dallanmalar igeren ve
yiizey gruplarindan olusan polimerik ilag¢ tasiyici sistemlerdir. Polimerik miseller,
farkli tiplerde hidrofobik ilaclarin tasinabilecegi hidrofobik bir ¢ekirdege sahip nano
kolloidal partikillerdir. Karbon nanotiipler, ¢oklu antikanser ilaglart vermek igin
tastyici olarak kullanilabilir. Polimer-ilag konjugatlarinda ilaglar, biyobozunur bir
baglayic1 ile kovalent olarak baglanir ve etkili bir ilag dagitim araci olarak
kullanilabilir.  Nanopartikiiller, c¢oklu ilaclarin tasinabilecegi mikron alt1
biylkliginde kolloidal partikiillerdir.  Polimerik nanopartikiller, manyetik
nanopartikiiller ve kati-lipid nanopartikiiller gibi farkli nanopartikiillerin 6rnekleri

gosterilmektedir [16].



2.2.1 Lipozom

Lipozomlar iki katmanli membran yapisina sahip amfifilik fosfolipidlerden olusan
kiresel lipit vezikiller (kesecikli) olarak tanimlanir. Fosfolipitler suya eklendiginde
hidrofilik bas kism1 suya dogru yonelirken hidrofobik kuyruk kismi sudan uzaklasma
egilimi gosterir ve vezikiil yapr olusur. Lipozomlar igerdikleri hidrofilik ve
hidrofobik bdlgeler sayesinde suda ve yagda eriyen molekiilleri tasiyabilir.
Coziintirliik, biyoyararlanim, yarilanma omrii, ilaglarin yan etkilerinde karsilagilan
problemler lipozomlar sayesinde biiylik Ol¢iide asilmistir. Boyutlari, hidrofobik ve
hidrofilik karakterleri ve biyouyumluluklar1 nedeniyle lipozomlar ilag tagima
sistemleri i¢in umut vaat eden sistemlerdir. Lipozomlar ilaglarin toksisite ve yan
etkilerini azaltmak amaciyla kullanilmaktadir. Ayrica lipozomlarin tiimorli
dokularda vaskiiler permeabiliteyi arttirma 6zelligi kanser hastaliklarinda kullanilir
[17].

Lipozom ozellikleri, lipid bilesimi, biiyiikliigii, yiizey yiikii ve hazirlama yontemine
gore biiyilik olclide degisir. Lipozomlar biiyiikliiklerine ve katman sayilarina gore ii¢
ayr1 gruba ayrilir. Tek katmanl kiiciik vezikiiller (SUV), tek bir lipit katman ile
cevrilidir ve 25-50 nm vezikiil ¢apina sahiptir. Biiylik tek tabakali vezikiiller (LUV),
SUV’lara benzer heterojen bir vezikiiler gruptur ve tek bir lipit tabakasiyla cevrilidir.
LUV’larin vezikiil ¢apt 100 nm’den biiyiiktiir. Cok katmanli vezikiiller (MLV),
birbirlerinden bir sulu ¢ozelti tabakasi ile ayrilan birkag lipit tabakasindan olusur.
MLV lerin vezikiil ¢apt 50-100 nm’dir [18]. Ayrica, ¢ift katmanli bilesenlerin se¢imi
bilayer tabakanin yiikiinii belirler. Ornegin dipalmitoylphos-phatidylcholine gibi
uzun agil zincirlere sahip doymus fosfolipidler sert, gecirgen olmayan iki katmanl
yapt olustururken, dogal kaynaklardan (yumurta ve soya fosfatidil-kolin gibi)
doymamis fosfatidilkolinler ¢ok daha fazla gecirgen ve daha az stabil bir yapi
olusturur. Pozitif veya negatif yiiklii lipidlerin eklenmesi lipozomlara yiizey yiiki
saglamaktadir.

Lipozomlarla iligkili ilaglar, cozeltideki ilaglara kiyasla belirgin bir sekilde
farmakokinetik ozellikleri degistirmistir. Bunlar ayn1 zamanda sistemik toksisiteyi
azaltmada ve kapsiillenmis ilacin hedef organizmaya girdikten sonra erken

bozulmasini 6nleme de etkilidir [19].



Lipozom yiizeylerine PEG tiniteleri takilarak kanda dolasim siireleri uzatilabilir.
Ayrica, lipozomlar hedefe 6zgii ila¢ tedavisini arttirmak amaciyla antikorlara veya

ligandlara konjuge edilebilir [20].

2.2.2 Dendrimer

Dendrimer, yunanca aga¢ anlamina gelen dendron sdzciigiinden tiiretilmistir. Ilk
olarak 1980’lerin basinda kesfedilen dendrimerler, bir i¢ c¢ekirdegin etrafinda
dallanma gosteren makromolekiiler bilesiklerdir [21]. Yeryiiziinde dendritik yapilar
oldukca yaygin goriilmektedir. Agaglarin dal ve kokleri, néronlarin dallanmis
yapilar1 ve kar kristalleri 6rnek olarak verilebilir.

Dendrimerler, g¢ekirdek, c¢ekirdek etrafinda dallanmalar ve dallanmalarin ucundaki
yuzey gruplarindan olusur. Yiizey gruplart fonksiyonel grup olarak da
adlandirilmaktadir. Cekirdek noktasindan baslayarak dis yiizeye giden dallanma
noktalar1 sayisi jenerasyon sayisini (G) belirtir. Dallanma noktasi ile dendrimer
biiyiimesi lineer bir artis gdstermektedir. Ornegin 4 baglanma noktas1 olan bir
dendrimer dordincl jenerasyondur (G4) [22]. Dendrimerlerin molekiler ortam ile
etkilesimi agirlikli olarak terminal gruplan tarafindan kontrol edilir. Bir dendrimerin
terminal grubunu degistirerek i¢ ve dis ylizey hidrofilik veya hidrofobik hale
getirilebilir. Tlag molekiilleri dendrimerlerin hem iglerine hem de yiizey gruplarina

tutturulabilir.

Decorations/End-points/

Branching point

Focal point

L : Y, o
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1 J
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Sekil 2.2: Dendrimer yapis1 [23].



Dendrimerler 1raksak (igten disa) ve yakinsak (distan ige) yontem ile
sentezlenmektedir. Iraksak yontem de dendrimer, ¢ekirdek molekiiliinden disa dogru
buyiir. Cekirdek, bir aktif iki hareketsiz grup iceren monomer ile etkilesime girer,
olusan yeni molekiil daha ¢ok sayida monomer ile etkilesime girer, bu stire¢ bircok
kez tekrarlanir ve dendrimerler olusur. PAMAM (polyamidoamin) bu yontemle ilk
sentezlenen dendrimerdir. Biiylik miktarda dendrimer iiretilecegi zaman 1raksak
yontem tercih edilebilir. Yontemin, yan reaksiyon goriilmesi ve bu reaksiyonlarin
tamamlanmamasi ile ortaya ¢ikan yapisal bozukluklar gibi dezavantajlar1 vardir. bu
sorunun 6niine gecmek igin fazla miktarda reaktif kullanmak gerekir fakat bu durum
da olusan firiiniin saflastirilmasini zorlastirmaktadir. Bu yontemin eksikliklerine
cevap olarak yakinsak yontem gelistirilmistir. Yakinsak yontem de iraksak yontemin
aksine en son molekiilden baslanir ve ige dogru biiyiime saglanir. Cekirdek molekiilii
ile dendronlar arasindaki sterik problemlerden 6tiirii biiyiik molekiillii polimerlerin

sentezinde yakinsak yontem tercih edilmez [24].

Divergent Synthesis
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Sekil 2.3 : Dendrimerlerin ve diger dendritik polimerlerin sentezi i¢in ana sentez

yollari.

Iraksak (divergent) yontem, dendrimer merkezden ylizeye dogru radyal olarak biiytir.
Yakinsak (convergent) yontem, dendronlar yiizeyden odak noktasina dogru

sentezlenir ve son adimda birlestirilir [25].



2.2.3 Misel

Miseller morfolojik olarak hidrofobik bir ¢ekirdek ve hidrofilik zincirlerden olusur.
Miseller sadece hidrofobik molekiilleri c¢ekirdek tasir. Polimerler diisiik
konsantrasyonlarda tek zincirli yap1 gosterirler. Bu durumda oldukg¢a kararsizdirlar,
kararli yapiya ulasmak i¢in katlanarak lamel olusturmak isterler. Misellerin ilk
olustugu en diisiik konsantrasyona kritik misel konsantrasyonu (CMC) denir.

Kritik misel konsantrasyonu (CMC) kritik bir degere ulastiginda polimer
zincirlerinin hidrofobik kism1 sudan kagarak birlesmeye baslar. Hidrofilik baslar ise
su ile maksimum diizeyde etkilesime girebilecegi dis yiizeyde bulunur. Bu durum
suya konuldugunda kendiliginden bir araya gelen self-assembly sistemlere érnektir.
Nanotasiyict ilag sistemleri, polimerik nanopartikilleri (nanokire, nanokapsil,
dendrimer ve polimerik misel), lipid nanopartikiilleri (kati1 lipid nanopartikiilleri,
lipozom, yag asidi miselleri) lipopolimerik nanopartikiiller(PEG’li fosfolipit

lipozomlar, PEG’li lipozomlar), karbon nanotupler ve nanokristalleri icerir [26], [27].
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Sekil 2.4 : PEG takili lipozom (sol) ve PEG takilmis fosfolipit misel yapisi (sag)
[28].

PEG takilmis lipozom iki tabakali fosfolipitten (lamelar) olusur ve hidrofilik
cekirdege sahiptir. Yalnizca PEG ve fosfolipit zinciri bir araya geldiginde polimerik
miseli olusturmaktadir. Misel tek tabakali ve ¢ekirdeginde sadece hidrofobik
molekiiller tastyan bir yapidir [29].

Polimerik misellerin ¢ok sayida avantaj1 vardir. hidrofilik bir yiizeye sahip olduklari
icin kanda uzun slre kalabilirler ve bu sayede hedef bdlgedeki etken madde

konsantrasyonunu yukseltirler.



Nanometre boyutunda olduklar1 ic¢in viicutta EPR etkisi yardimiyla zayif
damarlanmalarin oldugu bolgede birikebilirler. Spesifik bir ligand yardimiyla hedef
bolgeye aktif olarak hedeflendirme saglanabilir. iiretim prosesleri basit ve

tekrarlanabilir oldugu i¢in biiyiik miktarlarda hazirlanabilir [30], [31], [32].

2.3 Hedefli Kanser Tedavisi

Geleneksel kanser tedavisinde kemoterapik ajanlar normal doku ve organlara yan
etki gostermektedir. Bunun nedeni antikanser ajanlarinin tiimorli hiicreler icin segici
olmamasidir[33]. Normal kilcal damarlar diizenli bir yap1 gosterirken tiimor
endotelyal hiicreleri diizenli olmayan, bozulmus ve genis bosluklu bir yap1
gostermektedir[34]. Tiimor hiicreleri genis bir limene ve 6zellikle Anjiyotensin II’ye
karst bozulmus reseptor fonksiyonuna sahiptirler[35]. Makromolekiillii ilaglarin
saglikli dokuya gore tiimorlii dokuya gegislerinin daha kolay olmasi; nitrik oksit,
bradikinin ve prostaglandinler gibi vaskiiler permeabilite artirict faktorlerinin
sayisinin  artmasi  sayesindedir[36]. Ayrica bu Ozellikler nanoboyuttaki
makromolekiiler ilaglarin tiimorlii dokulara secgici olarak gonderilmesini saglar.
Tiimorlii dokuda lenfatik sivi akist saglikli dokuya gore daha az olmasi, ilacin
timorli dokuda kalis etkisini arttirir ve uzatilmis bir etki saglar; bu etkiye artirilmis
gecis ve alikonma etkisi (EPR etkisi) denir[37]. Ilag ya da ilag tasiyici sistem etki

gosterilmesi istenen hedef dokuya pasif veya aktif olarak iki sekilde gonderilebilir.

2.3.1 Pasif Hedeflendirme

EPR etkisi ile ila¢ hedefleme pasif hedeflendirme olarak adlandirilir. EPR etkisini,
1986 yilinda Matsumura ve Maeda tanimlamistir [38]. Maeda ve arkadaslari,
nanoboyutta bir antikanser ilaci tasarlayan ve EPR etkisi ile tiimor dokusunu segicCi
sekilde hedef alan ilk gruptur [38].

EPR etkisi genel olarak genis anjiyogenez, kusurlu vaskiiler yapi1 ve tiimorlerin
bozulmus lenf drenajina dayanur.

Tiimdrli bolgedeki kan damarlarinin ¢eperini olusturan endotelyal hiicreleri arasi
bosluklar, saglikli hiicrelere nazaran daha biiyiiktiir.

Endotelyal hiicreleri arasindaki bu farktan yararlanarak ilag tasima sisteminin pasif

bir sekilde tiimdr bolgesine sizmasi saglanmaktadir.
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EPR etkisi, hem nanoteknoloji alanindaki gelismelere hem de tlimor vaskiler
biyolojisinin anlagilmasindaki ilerlemelere koprii gorevi gordiigli i¢in antikanser
ajanlarinin tasariminda ‘altin standart’ olarak kabul edilmektedir [39]. EPR etkisi
yaklasimi, ilag biyoyararlanimi ve etkinligini etkili bir sekilde arttirabilir.

Normal bir damar yapisinda Nanotastyicilarin hedefleme etkisi kan dolasiminda
kaldiklarinda elde edilir ancak timor bdlgesinde nanotastyicilar sizan damarlardan
ekstravazyon yaparlar. Hedef bolgelere varista Nanotasiyicilar ilact timor
hiicrelerinin yakinlarinda serbest birakir. Tiimorlerden lenfatik drenajin olmayisi
nanotastyicilarin tutulmasini saglar ve sonug¢ olarak ilag timor bolgesinde yiiksek
konsantrasyonda birikir [40]. EPR etkisinden yararlanmak i¢in nanotasiyicilarin
bagisiklik sistemi gozetiminden kaginmasi ve uzun silire dolasimda olmasi
gerekmektedir. Ote yandan bdbrekler 10 nm’den kiigiik partikiilleri filtreleyebilir ve
karaciger 100 nm’den biiyiik partikiilleri yakalayabilir. Bu nedenle ideal nanotastyici
boyutu 10 ile 100 nm arasindadir [37].

Tumor

Passive targeting by
EPR effect

Blood vessel

S s o
CRVOG >
AQRIOT

s er
SoCy

Ineffective lymphatic
drainage

Sekil 2.5 : TUmor vaskilatorinin anatomik ve patofizyolojik anormalliklerini

kullanarak nanopartikillerin EPR etkisi ile pasif hedeflenmesi [41] .

Pasif hedefleme sayesinde bir ilag ya da ilag tasiyici sistem hedef dokunun fizyolojik

yapisindan yararlanarak istenilen bolgede biriktirilir [42].
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Sekil 2.6: Pasif ve aktif hedeflendirme [43].

Bazi tiimorlerde damar gegirgenlikleri farkli oldugu icin EPR etkisi ile tasinim
gerceklesmeyebilir bu sebepten dolayir nanotastyicinin aktif hedeflendirilmesi ortaya

cikmustir.

2.3.2 Aktif Hedeflendirme

Ligand aracili hedefleme olarak adlandirilan aktif hedefleme, hedef doku veya
hiicrenin ozelliklerine gore yapilir. Nanopartikiiller hedeflendirilirken fiziksel
(magnetik alan, 1s1, ultrason), kimyasal (pH, reaktif oksijen turleri) ya da hiicreye
spesifik baglanma gibi hedefleme stratejileri kullanilir [44]. Aktif hedefleme, ilag
tasiyic1 sistemle hedef hiicreler arasindaki ligand- reseptor etkilesimi olarak
tanimlanir [45]. Timorlii dokunun besin ihtiyact saglikli dokuya gore daha fazladir.
Bu durum tiimorlii hiicrelerdeki farkli reseptdrlerin sayisimi arttirir.  Timorli
bolgedeki saglikli ve kanserli hiicreleri ayirt edebilen nanotasiyicilarin tasarimi
biiyiilk 6nem tagimaktadir. Aktif hedefleme ile nanotasiyicilar, tiimorlii bolgelerde
saglikli hlcrelere gore daha fazla bulunan reseptorleri tantyacak spesifik hedefleyici
ligandlarla kaplanir. Bu sayede antikanser ajanin sitotoksik etkisi artar ayrica saglikli
dokuya olan yan etkiler azalir. Nanotasiyic1 iizerinde yapilan bu degisiklik aktif

hedeflemeyi saglar [46].
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Aktif olarak hedeflenen nanopartikiil tagiyicilarin tasariminda nanopartikiil mimarisi,
ligand konjugasyon kimyas1 ve mevcut ligand tiirleri rol oynar. Uygulama yolu veya
nanopartikiillerin kan dolasimi boyunca yolculugu sirasinda proteinlerin spesifik
olmayan sckilde baglanmasi gibi diger faktorlerin nanopartikiillerin hedefleme
yetenegini etkiledigi gosterilmistir [47], [48].

Aktif hedeflemenin temel mekanizmast ligandin hedef substrati tarafindan
taninmasidir. Ligandlara 6rnek olarak antikorlar, proteinler, peptitler, niikleik asitler,

sekerler ve vitaminler gibi kiicik molekdller verilebilir [49].

A. Passive targeting

1 Small molecule
o Nanocarner
i (& S T T — Ty
(@ Endothelial cell °>?- e
(% Tumor cell fg\,@‘ﬁl,@
L= -

B. Active targeting

« Ligand
Receptor
ﬁo Targeted nanocarriers o
(& Endothelial cell 1’3@“"9 ,

%) Tumor cell

Eg AZE ﬁ
) i.i

1 BT . T 2 -

Sekil 2.7 : Nanotastyicilarin hedeflendirilmesi. A.Nanotastyicilarin pasif
hedeflendirilmesi (1) Nanotasiyicilar tiimorlere segici olarak, tiimdrleri gevreleyen
sizdiran damar yoluyla ulasir. (2) Tiimor dokusunda tutulma boyutunun etkisinin
sematik gosterimi. Tek basina ilaglar kiiglik boyutlarindan dolay: timaor kan
damarlarinin iginde ve disinda serbest¢e dagilir ve bu durum tiimérlii dokudaki etkili
konsantrasyonu azaltir ancak ilag yiiklii nanotasiyicilar, biiyiik boyutlari sayesinde
tekrar kan dolasimina yayilamaz ve birikir (EPR etkisi). B. Aktif hedefleme
stratejileri. Nanotasiyicilarin ylizeyine asilanan ligandlar, (1) kanser hiicreleri veya

(2) anjiyojenik endotelyal hiicreler tarafindan eksprese edilen reseptorlere baglanir
[50].
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2.4 Polimerik Nanotasiyicilar

Polimerik nanotasiyicilar olusturulurken ilag molekiilleri, partikiil i¢ine hapsedilebilir
veya kapsillenebilir, yuzeyde fiziksel olarak adsorbe edilebilir veya partikilin

yiizeyine kimyasal olarak baglanabilir [51].

llag tasima sistemlerinde kullanilan biyobozunur malzemeler dogal veya sentetik
kokenlidir. Biyolojik olarak uyumlu bilesenlere ayrilabilen ve pargalanabilen

polimerler ilag tasima sistemlerinde daha ¢ok tercih edilmektedir [1].

Polimerler Polimer Gruplar Numuneler

Albumin, Kolajen, Jelatin, Sigir ve insan

Proteinies Serum Albuminleri (BSA ve HSA)

Dogal ve biyolojik

olarak parcalanabilenler Seliiloz, dekstran, kitozan, Kondroitin

Polisakkari o = : : : X
olisakkaritier siilfat, aljinat Nisasta, hiyaluronik asit

Poliamidler Poliamino asit, polipeptid

Poli(laktik asit)
Poli(glikolik asit)

Sentetik ve biyolojik olarak
parcalanabilenler

Polyesterler

Poli(laktik-ko-glikolik asit)*
Poli(kaprolakton)
Poli(dioksanon)
Poli(hidroksibutirat)

Polianhidridler

Polifosfat, polifosfonat,

Poliortoesterler

Polifosfoesterler polifosfit

Silikon elastomerler
Poli(etilen-ko-vinil asetat)
Poliakrilatlar

Sentetik ve biyolojik olarak

parcalanamayanlar Poli(metil metakrilat)

Sekil 2.8 : Ilac tasima sistemlerinde kullanilan polimerlerin dogal-sentetik ve

biyobozunurluklarina gére siiflandiriimasi [52], [53].

Biyobozunur polimerler, biyolojik olarak uyumlu, toksikolojik olarak giivenli yan

urinler Gretmek igin in vivo veya enzimatik-enzimatik olmayan yollarda
parcalanmaktadir. Kontrollii ilag dagitiminda veya yardime1 madde olarak kullanilan
biyobozunur polimerlerin sayist son on yilda olduk¢a artmistir. Biyouyumluluk
acikca bir oneme sahiptir fakat biyouyumlulugun bir materyalin kendine 6zgii bir
Ozelligi olmadigmi ancak biyolojik ortama ve spesifik ilag-polimer-doku
etkilesimleriyle ilgili mevcut tolere edilebilirlige bagli oldugunu belirtmek gerekir

[54].
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Biyobozunur bir polimer olan PCL (poli-e-kaprolakton), fizyolojik kosullarda ester
baglarinin hidrolizi ile bozunur ve bu nedenle ila¢ dagitiminda biiylik ilgi
gormektedir. PCL nanopargaciklart ¢ogunlukla nanopresipitasyon, c¢ozlcl yer

degistirme ve ¢oziicii buharlastirma yoluyla hazirlanmaktadir [55].

2.5 Poli(laktik-ko-glikolik asit) (PLGA)

PLGA fiziksel olarak guclu ve yiuksek oranda biyouyumlu bir polimerdir. PLGA;
ilaglar, proteinler, DNA, RNA, peptitler gibi ¢esitli makromolekiiller i¢in tagiyici
araclar olarak incelenmektedir [56]. PLGA, uzun klinik tecrlbesi, uygun bozunma
ozellikleri ve siirekli ilag verme olanaklar1 sayesinde mevcut biyobozunur polimerler
arasinda en popiiler olanidir. Calismalar PLGA ’nin bozunmasinin cerrahi prosediirler
olmadan implantasyon yoluyla istenen dozlarda siirekli ila¢ salimi igin
kullanilabilecegini gdstermistir. Ayrica ilag tipine bagli olarak istenen dozaj ve salim
araligina ulagsmak i¢in polimer molekiil agirligi, laktitin glikolide orani ve ilag
konsantrasyonu gibi ilgili parametreleri kontrol ederek polimer-ila¢ matrisinin genel
fiziksel ozelliklerini ayarlamak mimkunddr [57], [58]. Daha iyi kontrolli ilag
dagitim sistemi tasarlamak icin PLGA’nin fiziksel, kimyasal ve biyolojik
Ozelliklerini anlamak sarttir.

Polimerler biyolojik olarak parcalanabilmelerine ve dogal veya sentetik yapida
olmalarma gore siiflandirilirlar. PLGA sentetik ve biyolojik olarak pargalanabilir
bir polimerdir. FDA tarafindan altin standart olarak tanimlanmigtir. Tasarim ve
performans agisindan ilag tasima sistemleri i¢in mevcut en iyi tanimlanmis
biyomateryaldir [59].

Sentetik bir kopolimer olan Poli(laktik asit-ko-glikolik asit), laktik asit ve glikolik
asit monomerlerinin kopolimerizasyonu ile olusur. PLGA hidrolize ugradiginda
parcalanma drlnleri olan laktik asit ve glikolik asit toksik etki gostermediginden
PLGA biyopargalanabilir bir polimerdir. PLA'da metil yan gruplarin varligi onu
PGA'dan daha hidrofobik hale getirir ve bu nedenle laktit bakimindan zengin PLGA
kopolimerleri daha az hidrofiliktir, daha az su emer ve daha yavas bozunur [59].
Metil grubu laktik asite sterik olarak engel olusturur ve bu sayede glikolik asite gore

daha dayanikli bir yapiya sahiptir [60].
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PLGA istenilen sekil ve boyutta islenebilir ve neredeyse her biiyiikliikteki
molekdlleri kapsulleyebilir. Klorlu ¢oziciler, tetrahidrofuran, aseton veya etil asetat

dahil ¢ok c¢esitli ¢oziiciilerde ¢oziinebilmektedir [61], [62].

PLGA D.L Lactic Acid Glycole Aced

Sekil 2.9 : Kopolimerin hidrolizine dayali olarak PLGA nin biyolojik olarak
parcalanabilirligi [59] .

PLGA, sulu ortamda ester baglar1 lizerinden hidrolize ugrayarak laktik asit ve
glikolik asite pargalanir. Krebs dongiisii ile karbondioksit ve su seklinde idrarla atilir
[63].

lag tasima sistemleri basta olmak iizere doku miihendisligi uygulamalar1 ve
biyomedikal uygulamalar1 gibi bir¢ok alanda kullanilmaktadir. PLGA 06zellikle ticari
kullanimda ve arastirmada kiigiik molekiillii ilaglarin, proteinlerin ve diger
makromolekiillerin  kontrollii verilmesine yonelik cihazlarin = gelistirilmesinde

kapsamli bir sekilde aragtirtlmigtir [59].

2.6 Tasarimla Kalite Yaklasimi (Quality by Design)

QbD, FDA tarafindan baslatilan, 6nceden belirlenmis hedeflere dayanan ve iiriiniin
ilk asamasindan ticarilestrildigi son asamasina kadar kontroliinii saglayan bir
farmasotik gelistirme yaklagimidir [64]. QbD yaklagiminin temelini istatiksel deney
tasarimlar1 (Design of Experiments, DoE) olusturur. Son yillarda ila¢ formiilasyonu
gelistirilmesinde DoE olduk¢a sik kullanilmaktadir. DoE’ nin temeli, Onceden
planlanmis bir deneyin faktorlerinin es zamanli olarak degistirilmesi ve bu
degistirilen faktorlere karsi elde edilen veriler arasinda bagint1 kuran bir model elde
edilmesidir [65].

QbD yaklasimi, konvansiyonel deney tasarimlarina goére oldukca avantajlidir.
Konvansiyonel tasarimlarin aksine QbD yaklasiminda daha az deney sayis1 ile dogru

sonuca varilabilir, deneye etki eden faktorlerin etkilesim etkileri incelenebilir.
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Uriin gelistirme siiresi ve maliyeti olduk¢a azalir. QbD, tasarim ile iiriin ve prosesin
optimizasyonunu miimkiin kilmaktadir. Literatiirde ¢ok sayida deney tasarimi
bulunmaktadir, deney amacina gore yaklasim se¢imi yapilmaktadir. Plackett
Burman, Box-Behnken ve merkezi kompozit tasarimi (CCD) buna 6rnek olarak
verilebilir.

Optimizasyon tasarimlari

Basit dogrusal ve etkilesim modellerinin siire¢ hakkinda canli bir goriintii saglamak
icin yeterli olmadigi zamanlar olabilir. Bu durumda kullanilabilecek en basit

denklem ikinci dereceden modeldir.

_ 2 2
Y =b,+bx, +b,x, +b X" +b,,X," +b,XX, +&

(2.1)
Bu denklem tiim faktorler i¢cin dogrusal terimleri, kare terimleri ve tiim faktor
ciftlerinin degerlerini icermektedir. Tepki ylizeyi tasarimlari (response surface
designs) genellikle ikinci dereceden modeller de kullanilmaktadir. Bu tasarim, her
girdi (input) faktorii i¢in {i¢ seviyeye sahip tam faktoriyel tasarimdir.
Merkezi kompozit tasarimlar ve Box-Behnken tasarimla tepki ylizey modellemesinde
kullanilan en yaygin iki tasarimdir. Bu tip tasarimlarda faktorler ii¢ veya bes farkli

seviyeyi alir ancak bu degerlerin biitiin kombinasyonlar1 tasarimda goériillmemektedir
[66].

2.6.1 Merkezi kompozit tasarim (CCD)

Merkezi kompozit tasarimlar, tam bir kuadratik modele uyabilecek 6zel bir tepki
ylizey tasarimu tiirtiidiir [67]. CCD, bir grup yildiz veya eksenel nokta ile biiyiitilmiis
merkez noktalar1 olan gomiilii bir faktoriyel veya kesirli faktoriyel tasarim
icermektedir. Eksenel noktalarin kullanilmasi, degiskenler icin ikinci dereceden bir

polinomun katsayilarini belirlemenin etkili bir yoludur[68].

+

Factorial design Axial points Central composite design
with center point

Sekil 2.10: Merkezi kompozit tasariminin grafiksel gosterimi.
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2.6.2 Box-Behnken deney tasarimi

Bu deney tasarimi 1980 yilinda Box ve Behnken tarafindan ortaya koyulmustur. Az
sayida faktor oldugunda tercih edilen Box-Behnken tasarimi cevap degiskenlerinin
optimize edilmesini saglar [69].

Bu deney tasariminda faktorler tic dereceye gore duzenlenmektedir; her bir deney
i¢in iki u¢ deger (diisiik ve yiiksek) ve orta deger bulunmaktadir [70]. Bu tasarimda,
tim faktorler ayn1 anda diisiik ve ayni anda yiiksek degerde bulunamaz [71]. CCD
gibi Box-Behnken tasarimi da tepki yiizeyi tasariminin tam kuadratik modeline uyum
saglayabilir [72].

Tablo 2.1 : Ug diizeyli ve g faktorlii bir Box-Behnken tasarimi. 1 rakami faktdrlerin
yuksek duzeylerini, -1 rakami faktorlerin diisiik diizeylerini, sifir rakamu ise faktorler

icin orta duizeyi ifade etmektedir.

Deney X1 X2 X3
1 -1 -1 0
2 +1 -1 0
3 -1 +1 0
4 +1 +1 0
5 -1 0 -1
6 +1 0 -1
7 -1 0 +1
8 +1 0 +1
9 0 -1 -1
10 0 +1 -1
11 0 -1 +1
12 0 +1 +1
13 0 0 0
14 0 0 0
15 0 0 0
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2.6.3 Plackett-Burman deney tasarimi

Plackett-Burman tasarimi, 1946 yilinda R.L. Plackett ve J.P. Burman tarafindan
gelistirilmistir. Tasarim parametrelerinin sistem durumu Uzerindeki etkilerini
incelemek icin kullanilabilecek kalite kontrol siirecini iyilestimek i¢in tasarlanmistir.
Bu tasarimin karakteristik 6zelligi 4’iin katlar1 olmasidir (k=1,2,..n ile 4k gdzlem).
Incelenen maksimum parametre sayisi ise toplam deney sayisindan bir eksiktir
(Tablo 2.6.1). Tim serbestlik dereceleri ana etkiler tarafindan kullanildigi igin
doymus bir tasarimdir [73]. Doymus tasarimlarin ana avantaji belirli bir faktor igin
etki hesaplarken gereken gozlem sayisinin minumum olmasidir.

PB tasariminin dezavantaji, ortiisme modelinin ¢ok daha karmasik olmasidir, her bir
ana etki, s6z konusu etkiyi icermeyen her iki yonlii etkilesimle Ortlismektedir. Bu
nedenle uyum eksikliginin degerlendirilmesi zordur ve birinci dereceden etkiler
etkilesim etkileriyle karistirilabilir [74]. Bundan dolay1 PB, parametrelerin etkili-
etkisiz seklinde simiflandirildigi baslangic safthasindaki ¢alismalar i¢in daha
elveriglidir [75].

Tablo 2.2 : 11 faktor 12 deney iceren Plackett-Burman tasarimi. +1 rakami

faktorlerin yiksek dizeyini, -1 rakami ise diisiik diizeyini ifade etmektedir [75].

DENEY X1 X2 X3 X4 X5 X6 X7 X8 X9 Xi10 X1i1

1 +1 -1 +1 -1 -1 -1 +1 +1 +1 -1 +1
2 +1  +1 -1 +1 -1 -1 -1 +1 41 +1 -1
3 -1 +1 +1 -1 +1 -1 -1 -1 +1 +1 +1
4 +1 -1 +1 +1 -1 +1 -1 -1 -1 +1 +1
5 +1 +1 -1 +1 +1 -1 +1 -1 -1 -1 +1
6 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1 -1
7 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1
8 -1 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1
9 -1 -1 -1 +1 +1 +1 -1 +1 +1 -1 +1
10 +1 -1 -1 -1 +1 +1 +1 -1 +1 +1 -1
11 -1 +1 -1 -1 -1 +1 +1 +1 -1 +1  +1
12 -1 -1 -1 -1 -1 -1 -1 101 -1 -1
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2.7 Nanotagiyicilarin Endiistriyel Uretimi
2.7.1 Pilot 6lgek

Pilot 6lgekli bir proses olustururken amag; laboratuvar 6lgekte optimize edilmis tiim
parametreleri, tiirtin kalitesi, verimliligi gibi etkenleri koruyarak pilot Olgege
aktarmaktir. Pilot Olgek calisma sonuglari, biiyiik oOlgekli {iretim stratejisini
belirleyerek endustriyel retime rehberlik etmektedir [76]. Pilot Olgekli Gretim
sayesinde iiriin gelistirme sirasinda karsilasilabilecek hatalar kiigiik 6lgekte tespit
edilerek zaman ve ekipman kaybinin 6niine gecilmektedir. ilag gelistirilmesi iiretimi
esnasinda akis1 etkileyen en Onemli etken parametrelerdir. Proses boyunca pilot
Uretimden endiistriyel biiyiik oOlgekli tiretime kadar parametrelerin degisiklige

ugramamasi veya kabul edilen limitler dahilinde degisiklige ugramasi gerekmektedir.

2.7.2 Endustriyel 6lcek

Partikiil veya nanopartikiillerden olusan ila¢ tasiyicilarin farmasétik pazarina
sokulmasinda 6n kosul, biiyliik olcekli (large-scale) bir Uretim yonteminin var
olmasidir. Yontem, uygun maliyetli olmasinin disinda diizenleyici otoriteler
tarafindan kabul edilmek i¢in kalifiye ve dogrulanmig (validated) olmalidir [77].

Laboratuvardan endiistriyel sinifa gecis klinik olarak onaylanmis formiilasyonlar i¢in
oldukca 6nemlidir. Bununla birlikte bu ge¢is asamasi laboratuvar formiilasyonlarinin
seri lretime gecmesinde Onem arz eden parametreleri olusturmak icin bir dlgek

blyitme stratejisi ile kontrol edilmelidir [78].

2.7.3 Yasanan sorunlar

Mikropartikiiler i¢in biiyiik Olgekli iiretim yontemlerine olusturulmasina ragmen
birgok nanopartikiil i¢in bilyiik 6l¢ekli iiretim yontemlerin de sorunlar bulunmaktadir
[2, 3]. Her ne kadar polimerik nanopargaciklar umut verici ve popiiler kolloidal ilag
dagitim sistemlerinden olsa da hazirlanmalar1 i¢in kullanilan teknolojilerin
Olceklendirilmesine iliskin bilgi eksikligi nedeniyle ila¢ pazarina girislerinin

engellenmesi olas1 bir durumdur. Bu konu ile ilgili ¢alismalar oldukga kisitlidir [79].
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Uriin gelistirme asamasinda laboratuvar ve pilot uygulamalari esnasinda goriinmeyen
sorunlarin ¢ogu endiistriyel liretimde dnemli hale gelmektedir. Bu yilizden endiistriyel
iiretime gegcmeden dnce parametreler ve 6n hazirlik bilgilerinin olabildigince saglam
ve optimize olmasi bliylik 6nem tagimaktadir.

Laboratuvarlarda nanopartikiill olusturmak igin siklikla kullanilan emiilsiyon
olusturma-¢oziicli buharlastirma yontemi kiiglik hacimler i¢in sorun teskil etmezken
blyik olcekli Uretime gegildiginde siringa ile organik fazin su fazina damlatilmasi
isleminden dolay1 ideal bir yontem olmaktan ¢ikar. Endiistriyel iiretime yonelik
metot gelistirilirken bu tiir sorunlar goz 6niinde bulundurulmali ve hiz, ekipman ve
maliyet konular1 dikkate alinmalidir.

Laboratuvar dlgeginden pilot ve biiylik dlcekli iiretime gegerken miktarin yani sira
laboratuvar olgegi ile karsilastirilabilir uzun siireli stabiliteye sahip olmak da

onemlidir[77].

2.8. Basin¢ Homojenizatorleri

Yuksek basingli homojenizatorler, heterojen bir sivi iiriinii yiiksek basing ile dar bir
bosluktan  gegirerek  partikiillerin  yiiksek hiz ile homojenizasyonlarini
gerceklestirmektedir. Endiistriyel tiretimde uzun yillardir yer alan yiiksek basing
homojenizatorleri gida, icecek, kimya, kozmetik, ila¢ ve biyoteknoloji alanlarinda
kullanilmaktadir [80].

Dogru secilmis bir yliksek basing homojenizatorii liriin kalitesi, malzeme ve maliyet

konularinda avantaj saglamaktadir.

2.8.1 Microfluidizer

Microfluidizer® Arthur D.Little Co. tarafindan tasarlanan, sonrasinda Microfluidics
Corp. tarafindan devralinan bir homojenlestirme teknolojisidir [81]. Biyoaktif
bilesiklerin verilmesi icin en etkili araglar olan emiilsiyonlar, farmasoétik, kozmetik
ve gida gibi endiistriler i¢in biiyiik 6nem tasimaktadir. Bu endiistrilerde asilmasi
gereken en 6nemli adim miimkiin olan en verimli sekilde kararli (stabil) emiilsiyonlar
olusturmaktir. Mikroakiskanlastirma (Microfluidization) mekanizmas1 stabil
nanotasiyici sistemler olusturmak i¢in ¢ok Onemlidir. Microfluidizer teknolojisi,
nanoemdlsiyon, polimer nanopartikulleri, lipozom, nanoenkapsulasyon, hicre

parcalanmasi ve dar pargacik dagilimi uygulamalarinda siklikla kullanilmaktadir.
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Mikroakiskanlagtirma teknolojisini iistlin kilan kombinasyon; sabit basing
pompalama sistemi ve 6zel sabit geometrili etkilesim odasidir.

Cahisma Prensibi

Microfluidizer teknolojisi ile polimer nanopartikiilleri gelistirmek igin Oncelikle
formilasyon belirlenmelidir. Su ve organik fazi olarak ikiye ayrilan formiilasyon da
su fazi; su ve ylizey aktif madde (Tween80, PVA..) igerirken organik faz; suyla
karismayan solvent(etil asetat, aseton..), polimer (PLGA..) ve aktif madde
icermektedir. Organik faz su fazina eklenir ve rotorstator mikseri yardimiyla
karistirtlir. Hazirlanan bu 6n karigim giris haznesinden sisteme girer ve iirlinii sabit
bir geometri etkilesim odasindan 30.000 psi’ye kadar yiiksek kesme hizlar1 ve darbe
kuvvetleri ile iten sabit basing pompalama sistemine cekilir.

Iki béliime ayrilan basing akiminin ince bir delikten gecirilmesi ve etkilesim odasinin
kalbindeki akislarin birbirine yonlendirilmesi prensibi ile c¢alismaktadir [82].
Mikroakiskanlastirici, akis kanalini mikro kanallardan carpma alanina dogru
yonlendirmek i¢in yliksek basing kullanir bu sayede ince bir emiilsiyon saglayan ¢ok
yiiksek bir kesme hareketi olusur. Etkilesim odasinda kavitasyon, kesme ve darbe ile
birlestiginde emiilsiyon damlacik boyutunu azaltir [83]. Tiim malzemeler ayn1 isleme
tabi tutulur bdylece tutarli ve giivenilir sonuglar elde edilir [84, 85]. Microfluidizer
parametrelerinden biri olan gecis sayisi, farkli sayilarda farkli boyutlara sebep olur,

gecis sayisi arttikga partikiil boyutu kiigiilmektedir [85, 86].

Giris C"'fﬁ
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?
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276 MPa
(40.000 psi)'a kadar

Sekil 2.11 : Microfluidizer ¢aligma prensibi.
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Sekil 2.12 : Microfluidizer islemcisinin kalbi olan fiks geometri etkilesim odasi
a)distan goriiniimii b)i¢ dizayn1 (‘Y ya da ‘Z’ tipinde-tek ya da ¢oklu kanallara
sahip-farkli delik boyutlarr).

Microfluidizer’in Avantajlari

Microfluidizer cihazlart {irlin akisina sabit bir hizda istenen basinci saglayan
yogunlastirict bir pompaya sahiptir. Pompa, sabit geometrili mikro kanallar yardimi
ile diriinii sabit bir basingta calistirir. Uriiniin tamami ayn1 prosesten gectigi igin
uniform iirtin olusmaktadir.

Kontrollii partikiil boyutu kiiciiltme islemi microfluidizer cihazinin en O6nemli
avantajlart arasindadir. Partikiil boyutu, farmasoétikler, kimyasallar ve gida {irtinleri
tiretiminde renk, tat, akiskanlik, kimyasal reaksiyon ve yogunluk gibi bir¢ok 6zelligi
etkilemektedir.

Partikiil boyutu kiigiiltme islemi sirasinda iirlin sicakliginin  yiikselmesini
siirlayarak sicaklik kontrolii saglamaktadir.

Microfluidizer teknolojisi kuguk laboratuvar Orneklerinden pilot ve (retim
hacimlerine kadar tekrarlanabilir ve tutarli sonuglar saglayarak Ol¢eklendirme
garantisi sunmaktadir [87-89].

Gelistirilmis proses verimliligi sayesinde zaman ve para tasarrufu saglamaktadir
ayrica ortam gerekmedigi i¢in kontaminasyon riski en aza indirilmis olur [90].
Microfluidizer teknolojisi miimkiin olan en dar pargacik boyutu dagilim sonuglarin
tiretir dogal olarak bu daha fazla stabilite, daha uzun raf dmrii ve hammaddelerin
daha verimli kullanimini ile sonug¢lanmaktadir [91, 92].

Yapilan arastirmalar, mikroakiskanlastirma ile iretilen pargaciklarin boyutunun,

artan basing, gecis sayisi ve yiizey aktif madde konsantrasyonlari ile azaldigini
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gostermistir  [93-96]. .Geleneksel homojenizatérler tarafindan {iretilenlerden

neredeyse %50 daha kiigiik partikiil boyutu elde etmeyi saglar [90].

Tablo 2.3 : Partikll boyutu [97].

Geleneksel Microfluidizer

homojenizatdr proses

Pass 1 268 nm 113 nm
Pass 2 228 nm 95 nm
Pass 3 183 nm 72 nm

2.8.2 Microfluidizer modelleri

Microfluidizer modelleri karakteristik batch boyutu, akis hizlari, basing araliklar1 ve
motor tiplerine gore farklilik gostermektedir. Arastirma numunelerini isleyebilen
tezgah {Ustii laboratuvar modellerinin yani1 sira daha biiyiik partikiil boyutlarimni
isleyebilen pilot ve iiretim Olgekli makineler de bulunmaktadir. LM10, LM20,
M110P, LV1, M110Y ve HC serisi olmak iizere alt1 farkli laboratuvar 6lcekli tezgah
usti modeli ve M110 EH30 ve M-700 serisi adinda pilot/iiretim cihazlari
bulunmaktadir. Bu tez calismasinda LM20 tip yiliksek basing homojenizatorii

kullanildig: i¢in bu model ayrintili olarak ele alinacaktir.

LM20 Kucuk Hacimler icin Elektrikli Laboratuvar Tipi Microfluidizer

LM20 Microfluidizer, emiilsiyon, dispersiyon, lipozom, hiicre parcalanmasi ve ince
parcacik dagilimi uygulamalari i¢in ideal bir yiiksek basing homojenizatoriidiir.
30.000 psi (2068 bar) basing araliginda caligsmaktadir. Minumum numune hacmi 14
ml’dir. Bu sayede proses sirasinda pahali veya smirh ilag, ekipman bulunabilirligi
durumunda ila¢ miktarini en aza indirmektedir.

Diger Microfluidizer cihazlar1 gibi; numunenin tamamini ayni basinca maruz
birakarak uniform pargacik olusmasini ve boyut azalmasini saglamaktadir, scale-up
garantisi sunmaktadir, islem sirasinda sicaklik artigini sinirlayarak numunenin 1s1

denatlirasyonunu en aza indirmektedir.
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Sekil 2.13 : Microfluidizer LM20.

2.8.3 Microfluidizer ile microfluidics farki

Microfluidics (Microfluidizer-yiiksek basing homojenizatorleri) ile Microfluidics
(akigkan yatakli mikro kanallar) arasinda yalnizca isim benzerligi bulunmaktadir.
Microfluidizer yiiksek basing homojenizatdrlerinin kalbi olan etkilesim odasinin
(interaction chamber) patentini, diinyada ilk olarak Microfluidics firmas1 almistir.
Mikroakiskanlar ise, sivilarin mikro kanallar yoluyla davranislarini inceleyen bir
bilim ve akigkanlarin aktigi bolmeler igeren minyatiir cihazlar tiretme teknolojisidir.
Mikrogipli mikroakiskan bir kanala genellikle ‘¢ip lizerinde laboratuvar (lab on
chip)’ denir [98]. Cip tizerinde laboratuvar cihazlarinin gelistirilmesi sayesinde tim
biyolojik veya kimyasal laboratuvarlar tek bir yonga da entegre edilebilmektedir
[99].
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3. GEREC VE YONTEM
3.1 Gereg

3.1.1 Cihazlar

PLGA miktar1 tayininde hassas terazi (Precisa) kullanilmigtir. Distile su ve Tween 80
ile hazirlanan su fazinin homojenlestirilmesinde manyetik karistirict (Stuart), PLGA
ve aseton ile hazirlanan organik fazin homojenlestirilmesinde ise ultrasonikator
(Bandelin Sonorex) kullanilmistir. Su ve organik fazin karigtirilarak 6n karisim
hazirlanmasinda rotor stator mikserinden (Tops SR 30) yararlanilmistir. Rotor stator
ile hazirlanmis 6n karisimlarin islenmesinde Microfluidizer LM20 (Microfluidics)
kullanilmistir. Nanopartikiillerin boyutlarinin 6l¢iilmesinde Zetasizer Nano ZS cihazi
(Malvern Instruments), makro kuvetler (Isolab, UV-Transparent disposable cuvettes)
ve zetasizer kivetler (Malvern Instruments, disposable capillary cells DTS1070)
kullanilmistir. Nanopartikiil hazirlama ve 6l¢iim ¢alismalarinda otomatik pipetlerden

(Thermo, Eppendorf) yararlanilmistir.
3.1.2 Kimyasallar

Poli (D,L-laktik-ko-glikolik) asit (PLGA) (50:50, mol wt 30,000-60,00); Sigma-
Aldrich  USA’den, Tween 80 ve aseton; Merck, Darmstadt, Almanya’dan,

tedarik edilmistir. Distile su Sartarius Stedim Biotech sisteminden kullanilmustir.
3.2. Yontem

3.2.1 Tasarimla Kalite (QbD) yaklasimiyla CCD deneysel matrisinin

olusturulmasi

Geleneksel deney yontemlerinin bir seferde tek deneysel faktoriin degistirilmesi ve
diger faktorlerin sabit tutulmasi kaynakli fazla sayida deneye yol acan dezavantajlar
bulunmaktadir [4]. DOE bu sorunu ortadan kaldirarak daha az deney ile daha dogru
sonuglar saglamaktadir. DoE sayesinde verilerin ekstrapolasyonu ve sonuglarin
cizilmesi ile siirecin optimizasyonu miimkiin olmaktadir [74] . Bu c¢alisma da

matematiksel olarak bir cevabi tahmin etme ve bir islemi optimize etmeye yarayan
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Merkezi Kompozit Tasarim (Central Composite Design (CCD)) adi verilen model
kullanilmistir [6].

PLGA ilag tasima sistemi, tepki yiizeyi metodolojisi (response surface methodology)
ile optimize edilmistir. Yapilan 6n deneyler ve literatiire dayanarak dort faktor
secilmistir (PLGA miktari, Tween80 miktari, Microfluidizer basing seviyesi ve
Microfluidizer gecis sayist (pass number)). Bir merkezi kompozit tasarim
kullanilarak 5 farkli seviyede (-a, —1, 0, +1, + a) 4 faktor ¢alisilacaktir. Tasarimin
donebilirlik (rotatability) ve dikgenlik (orthogonality) degerlerini korumak amaciyla
a degeri 1.681 secilecektir. 18 merkez noktasi, 18 eksen noktasi ve 24 kiip noktasi ile

60 deney yapilacaktir.

Tablo 3.1 : CCD tasariminda segilen degiskenler.

Faktor Seviye (Level)
X1: PLGA miktar1 (mg) 83 100 | 125 | 150 | 167
Xs: T80 miktar1 (ml) 0.5 ‘ 1.8 36 | 55 6.8
X3! Basing seviyesi (Pressure level) (K) (psi) 10 13 18 | 22 25
X4: Gegis sayisi (Pass number) 1 3 | 5
Tablo 3.2 : CCD deneysel matrisi.
Formulasyon PLGA T80 PRESS (k) Pass

1 100 1,8 22 1

2 125 3,6 25 5

3 125 3,6 18 1

4 150 55 22 1

5 125 6,8 18 3

6 83 3,6 18 1

7 150 55 13 1

8 100 1,8 13 5

9 125 0,5 18 3

10 100 55 13 1

11 150 55 13 3

12 125 3,6 18 1

13 167 3,6 18 1

14 150 1,8 13 5

15 150 1,8 13 1

16 100 1,8 13 1

27



Tablo 3.2 : CCD deneysel matrisi (devami).

Formiulasyon PLGA T80 PRESS (k) Pass
17 83 3,6 18 3
18 125 3,6 18 5
19 125 3,6 18 1
20 125 3,6 18 1
21 100 18 22 3
22 125 3,6 10 3
23 125 3,6 10 5
24 100 55 22 1
25 150 18 22 1
26 125 3,6 18 3
27 125 3,6 18 3
28 167 3,6 18 3
29 83 3,6 18 5
30 125 3,6 18 5
31 125 6,8 18 1
32 100 1,8 13 3
33 100 55 13 5
34 125 3,6 18 3
35 150 55 13 5
36 150 1,8 22 3
37 150 1,8 22 5
38 125 3,6 25 3
39 125 3,6 18 3
40 125 3,6 18 5
41 100 55 22 3
42 125 3,6 18 5
43 150 18 13 3
44 100 55 13 3
45 125 3,6 18 1
46 125 3,6 25 1
a7 125 0,5 18 1
48 150 55 22 5
49 125 0,5 18 5
50 125 3,6 18 5
51 125 3,6 18 3
52 100 55 22 5
53 125 3,6 18 3
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Tablo 3.2 : CCD deneysel matrisi (devami).

Formiulasyon PLGA T80 PRESS (k) Pass
54 125 6,8 18 5
55 167 3,6 18 5
56 100 18 22 5
58 125 3,6 18 5
59 150 55 22 3
60 125 3,6 18 1

3.2.2 Geleneksel yontem

Bu tez ¢alismasinda laboratuvarda siklikla kullanilan emiilsiyon olusturma ¢oziicii

buharlastirma yontemi geleneksel yontem olarak adlandirilmistir.

Emiilsiyon olusturma ¢6ziicli buharlastirma yonteminde su fazi ve organik faz olarak
iki ayr1 faz hazirlanir. Su fazi; distile su ve T80’den, organik faz; PLGA ve

asetondan olusmaktadir.

Organik faz, su fazina siringa yardimiyla yavasca damlatilir. Bu islem manyetik
karistirict tizerinde devam etmektedir. Siringa isleminden sonra formilasyon 24 saat

boyunca manyetik karistiricida bekletilir ve asetonunun u¢gmasi saglanir.

PLGA ve aseton

Evaporation

of
ﬁ acetone

[ ™
ol

e

Sekil 3.1 : PLGA nanopartikillerinin geleneksel lab 6lgekli Gretim prosesi.

T80 ve su 6
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3.2.2.1 Geleneksel yontem ile PLGA nanopartikiillerinin hazirlanmasi

T80 ana stok hazirlanmasi : Laboratuvar 6lgek icin 1 ml T80 + 19 ml distile su
olarak hazirlanan T80 ana stok ¢6zeltisi pilot 6lgek uygulamasi i¢in 12,5 ml T80 +
237,5 ml distile su olacak sekilde hazirlandi.

CCD tasariminda belirlenen PLGA miktarlarinin her biri 12,5 ml asetonda

cozduruldu.

CCD tasariminda belirlenen T80 miktarlarinin en diisiik ve en yiiksek degerleri ile 10

adet formiilasyon hazirlandi.

PLGA83-lowT80 i¢in; 83 mg PLGA 12,5 ml asetonda ¢Ozduruldi. 47,5 ml distile su
ve 0,5 ml T80 igeren su fazinin igine hazirlanan organik faz siringa yardimiyla

yavas¢a damlatildi.

PLGAB83-highT80 icin; 83 mg PLGA 12,5 ml asetonda ¢ézduruldi. 47,5 ml distile su
ve 6,8 ml T80 iceren su fazinin igine hazirlanan organik faz siringa yardimiyla

yavag¢a damlatildi.

PLGA100-PLGA125-PLGA150-PLGA167 formiilasyonlari i¢in de yukarida

aciklandigi gibi en diisiik ve en yiliksek T80 miktarlari ile formiilasyon hazirlanmistir.

Hazirlanan formiilasyonlar 1 gece manyetik karistiric: tizerinde bekletilerek

asetonlarinin ugmasi saglanmstir.

3.2.2.2 Geleneksel yontem ile hazirlanan PLGA nanopartikiillerinin stabilite

testleri

Geleneksel yontem ile hazirlanan 10 nanopartikiiliin boyutlar1 ve zeta potential

degerleri 1-3-5-7-15 ve 45. giinlerde 3 tekrarli olarak yapilmustir.
3.2.3 Microfluidizer

3.2.3.1 Microfluidizer cihazinda islenecek olan PLGA nanopartikiillerinin

hazirlanmasi

237,5 ml distile su igerisine 12,5 ml T80 eklendikten sonra manyetik karistirici da

homojenlesmesi saglanarak T80 ana stok hazirlandi.

Geleneksel yontemdeki miktarlarla ayni olacak sekilde su ve organik faz Tablo 3.4
CCD deneysel matris degerlerine gore 60 formiilasyon i¢in hazirlandi. Microfluidizer

cihazinda islenmek tizere falkonlara koyuldu.
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Sekil 3.2 : Rotor-stator mikseri yardimiyla 6n karigim hazirlanmasi.

Beherlere 47,5 ml distile su koyulduktan sonra her formilasyonun ilgili T80
miktarinca eklenmigstir. Rotor-stator mikseri altinda onceden hazirlanmis olan

organik faz pipet yardimiyla yavas¢a eklenmistir.
Ornek formiilasyon hazirlanmasi
1 numarali formiilasyonun 6rnek olarak hazirlanmasi asagidaki gibidir.

Formilasyon 1 - PLGA 100 - T80 1,8

Rotor-stator mikseri altinda 47,5 ml distile suya 1,8 ml T80 eklenir. Ardindan 100
mg PLGA icgeren 12,5 ml organik faz pipet yardimiyla su fazina eklenir.

31



3.2.3.2 Microfluidizer cihazinda islem

CCD tasariminda belirlenen degerlerle hazirlanmis olan 6n karisimlar Microfluidizer
cithazinin giris haznesinden (inlet reservoir) sisteme girer ve her biri segilen basing
degerine ( 10000-13000-18000-22000 ve 25000 psi) gore yiiksek kesme hizlar1 ve
darbe kuvvetleri ile iten sabit basing pompalama sistemine (high pressure pump)
cekilir. Basing akimi iki yola ayrilir ve ince bir delikten gecgerek etkilesim odasinin
kalbindeki akislar birbirine yonlendirilir. Etkilesim odasindaki (fixed-geomety
interaction chamber) kesme ve darbe hareketleri ile hazirlanan emiilsiyonun
damlacik boyutu azalir. CCD tasariminda belirlenen gecis sayilarina uygun olarak
her bir formiilasyon kendi gegis sayis1 kadar cihaza tekrar tekrar koyulur. Gegis

say1s1 3 olarak belirlenmis bir formiilasyon i¢in bu proses 3 kere tekrarlanmaktadir.

Microfluidizer cihazinin parametreleri olan basing ve gecis sayist her bir

formiilasyon i¢in farkli degerler olarak belirlenmistir.
1 numarali formiilasyonun Microfluidizer cihazi i¢in parametreleri agagidaki gibidir.
Formilasyon 1 - press (k) 22 - pass 1

Hazirlanan 6n karisim 22000 psi basingta 1 gecis sayisi ile Microfluidizer cihazinda

islenmistir.

Sekil 3.3 : Microfluidizer LM20 cihazi, cihazin kalbi olan 6zel etkilesim odas1 (sag).
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Microfluidizer ile islenmis formiilasyonlar 1 gece manyetik karistirict lizerinde

bekletilerek asetonlarinin tamamen ugmasi saglanmistir.

Sekil 3.4: Coklu manyetik karistirici ile aseton buharlastirma islemi.

3.2.3.3 Microfluidizer sonrasi PLGA nanopartikillerinin stabilite testleri

DLS Dinamik 151k sa¢ilimi (DLS) yonteminde c¢ozelti igindeki kiigiik
pargaciklardan sacilan 15181in siddeti Olgiilmektedir. DLS, bir siispansiyondaki
partikiillerin ortalama boyut ve boyut dagilimi hakkinda bilgi veren bir tekniktir
[100].

DLS ile microfludizer ile islenmis 60 nanopartikiiliin boyutlar1 1-7-15-30 ve 60.

giinlerde Ol¢iilmiistiir. Her 6l¢timde 2 tekrar yapilmistir.

Zeta Potential: Elektrokinetik potansiyel olarak adlandirilan Zeta Potential, elektrik
alan1 altinda hareket eden bir kolloid partikiiliin kayma/kesme (slipping/shear)
duzlemindeki potansiyelidir [101].
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Zetasizer Nano, Malvern Zetasizer yaziliminda yerlesik olan Helmhotz-
Smoluchowski denklemi kullanilarak zeta potansiyeline doniistiiriilen pargaciklarin

elektroforetik hareketliligini olger [77].

Malvern Zetasizer Nano ZS kullanilarak zeta potansiyel degerleri 15-21-30 ve 60.

Gunlerde 3 tekrarli olarak olgiilmiistiir.
3.2.4 QbD ile optimize sayilarin belirlenmesi

Incelenen faktorler ile yanitlar arasinda iletisim kuran denkleme model ismi verilir.
Burada sonug, deneysel faktorlere dayanan bir islev olarak ifade edilebilir. Lineer
model, etkilesim model ve kuadratik model olmak {lizere ii¢ farkli model
bulunmaktadir [66]. Bu tez c¢alismasinda kuadratik (ikinci dereceden) model
kullanilmistir. Deney tasarimi ve istatistiksel analiz i¢cin Minitab 17 (Minitab Inc .;
State College, PA, ABD) yazilimi kullanilmistir. Tepki, her faktoriin (6rnegin gecis
sayis1) li¢ seviyesinden birini temsil eden ii¢ kuadratik polinom denklemi ile

belirlenmistir.

Yi=Bo+ P1X1 + B2Xa + PraXeXa + P11XF + B22X3 (3.2)

Y1, her bir gecis sayis1 (pass) diizeyine (yani, 1, 3 ve 5) verilen cevaptir; X1 ve X2,
faktorlerin ana etkileridir; X1X2, faktorlerin etkilesimli etkileridir; X? ve X3,
faktorlerin ikinci dereceden etkileridir. PO sabittir ve 1 ve P2 faktorlerin

katsayilaridir.

Bagimsiz degiskenlerin cevaplar iizerindeki etkisini degerlendirmek i¢in varyans
analizi (ANOVA) yapilmistir, bu islem sirasinda P=0,05 istatiksel olarak anlamli
kabul edilmistir. Model uygunlugunu degerlendirmek icin dnceden belirlenmis ve

ayarlanan korelasyon katsayis1 (R2) hesaplanmistir.

Faktorler ve tepkilerle ilgili polinom denklemleri olusturulduktan sonra, formiilasyon
ve islem i¢in gelistirilen matematik modeli kullanilmis ve PLGA nano ila¢ tasima
sisteminin ortalama partikiil biiyiikliigii (Y1), zeta potansiyeli (Y2) ve PDI (Y3)
acisindan optimize edilmistir. Bu cevaplar sayesinde PLGA miktari, T80 miktari,

basing seviyesi ve gecis seviyeleri belirlenmistir.
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4.BULGULAR VE TARTISMA

4.1 Geleneksel Yontemle Hazirlanan PLGA nanopartikiillerinin boyut sonuc¢lari

Tablo 3.4 de belirtildigi gibi PLGA 83-100-125-150 ve 167 mg ile T80 miktarinin en
disiik degeri olan 0,5 ml ve en yiiksek degeri olan 6,8 ml hazirlanan 10
formilasyonun, 1-3-5-7-15 ve 60. gin DLS boyut ol¢imleri 3 tekrarli olarak
yapilmigtir. 1-15 ve 60. glnler Zetasizer Nano ZSP cihaz raporu seklinde

verilecektir, diger giinler EK A’ da gosterilmistir.

4.1.1 Geleneksel yontemle hazirlanan PLGA nanopartikiillerinin 1.giin boyut

olctimleri

Geleneksel yontemle hazirlanan PLGA nanopartikillerinin 1.gin size (intensity-

number-volume) sonuglari asagidaki sekillerdeki gibidir.

Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 114.8 Peak 1: 122.9 98.9 38.78
Pdi: 0.151 Peak 2: 5087 1.1 554.6
Intercept: 0.968 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity

P11} SRR s vyeinie e e o rim mioinie sy s ey

-
o

Intensity (Percent)
=)
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0.1 1 10 100 1000 10000
a) Size (d.nm)
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b)

Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 114.8 Peak 1: 82.03 100.0 23.25
Pdl: 0.151 Peak 2: 0.000 0.0 0.000
Intercept: 0.968 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
B eshca s ey T - y ............... ;

Azo ................ ............... | ............ “v‘[lkvl: ...............
E ot z z 0 z 5
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810 ................ e R l‘.Jn‘\ ............... .
13 . . ] B . .
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0.1 1 10 100 1000 10000

Size (d.nm)

c)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 114.8 Peak 1: 105.1 98.0 38.05
Pdl: 0.151 Peak 2: 5268 20 7311
Intercept: 0.968 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

20

...............................................................................

-
v

-
o

Volume (Percent)

v«

0.1 1 10 100 1000 10000
Size (d.nm)

Sekil 4.1: PLGA83-lowT80 nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 134.1 Peak 1: 1425 100.0 36.14
Pdi: 0.044 Peak2:  0.000 0.0 0.000
Intercept: 0.972 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Size (d.nm)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 134.1 Peak 1: 109.7 100.0 29.10
Pdl: 0.044 Peak 2:  0.000 0.0 0.000
Intercept: 0.972 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

z
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g ‘
z
“ \ :
0
0.1 1 10 100 1000 10000
Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 134.1 Peak 1: 1332 100.0 39.65
Pdl: 0.044 Peak 2: 0.000 0.0 0.000
Intercept: 0.972 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Sekil 4.2: PLGA83-highT80’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 136.7 Peak 1: 153.7 100.0 54.18
Pdl: 0.100 Peak 2: 0.000 0.0 0.000
Intercept: 0.959 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
D+t e .
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E : 3
5 2 :
0 ;i ! ¢
0.1 1 10 100 1000 10000
Size (d.nm)
Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 136.7 Peak 1: 92.29 100.0 31.76
Pdi: 0.100 Peak 2: 0.000 0.0 0.000
Intercept: 0.959 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
- — R — R —— R — .
z
g 20
5
5
5
£ 10
=
0
0.1 1 10 100 1000 10000
Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 136.7 Peak 1: 134.6 100.0 57.28
Pdi: 0.100 Peak 2: 0.000 0.0 0.000
Intercept: 0.959 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)

1000 10000

Size (d.nm)

Sekil 4.3: PLGA100-lowT80’nin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 131.7 Peak 1: 134.2 947 45.24
Pdl: 0.218 Peak 2: 4547 53 852.1
Intercept: 0.964 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity

Intensity (Percent)

00.1 1 10 100 1000 10000
Size (d.nm)
b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 131.7 Peak 1: 87.11 100.0 25.92

Pdl: 0.218 Peak 2: 0.000 0.0 0.000

Intercept: 0.964 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)

00,1 1 10 100 1000 10000
Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):

Z-Average (d.nm): 131.7 Peak 1: 115.6 913 4521

Pdl: 0.218 Peak 2: 4915 8.7 925.3

Intercept: 0.964 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)

Size (d.nm)

Sekil 4.4: PLGA100-highT80’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 130.7 Peak 1: 147.0 100.0 52.14
Pdl: 0.096 Peak 2: 0.000 0.0 0.000
Intercept: 0.953 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Size (d.nm)
b)
Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 130.7 Peak1:  87.27 100.0 29.42
Pdl: 0.096 Peak 2: 0.000 0.0 0.000
Intercept: 0.953 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 130.7 Peak1: 1262 100.0 54.16
Pdl: 0.096 Peak 2: 0.000 0.0 0.000
Intercept: 0.953 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)

01 1 10 100 1000 10000
Size (d.nm)

Sekil 4.5: PLGA125-lowT80’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 158.7 Peak 1: 181.8 100.0 71.36
Pdl: 0.114 Peak 2: 0.000 0.0 0.000
Intercept: 0.958 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Size (d.nm)
Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 158.7 Peak 1: 112.0 100.0 39.28
Pdl: 0.114 Peak2:  0.000 0.0 0.000
Intercept: 0.958 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
H
g
<
b3
€
H
0.1 1 10 100 1000 10000
Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 158.7 Peak 1: 169.0 100.0 77.27
Pdl: 0.114 Peak2:  0.000 0.0 0.000
Intercept: 0.958 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.6: PLGA125-highT80 nin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 143.8 Peak 1: 156.2 100.0 47.43
Pdl: 0.059 Peak 2: 0.000 0.0 0.000
Intercept: 0.941 Peak 3:  0.000 0.0 0.000

Result quality Good

Size Distribution by Intensity
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Size (d.nm)
b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 143.8 Peak 1: 108.5 100.0 33.67

Pdi: 0.059 Peak2:  0.000 0.0 0.000

Intercept: 0.941 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):

Z-Average (d.nm): 143.8 Peak 1: 144.2 100.0 51.50

Pdl: 0.059 Peak 2:  0.000 0.0 0.000

Intercept: 0.941 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Volume

Volume (Percent)
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Sekil 4.7: PLGA150-lowT80’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Resuits
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 127.3 Peak 1: 129.7 96.0 4147
Pdl: 0.213 Peak 2: 4817 4.0 715.8
Intercept: 0.961 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 127.3 Peak 1:  86.76 100.0 24.98
Pdl: 0.213 Peak2:  0.000 0.0 0.000
Intercept: 0.961 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 127.3 Peak 1: 1123 92.8 41.49
Pdl: 0.213 Peak 2: 5093 72 825.0
Intercept: 0.961 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.8: PLGA150-highT80 nin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 141.2 Peak 1: 155.1 100.0 4527
Pdl: 0.158 Peak 2:  0.000 0.0 0.000
Intercept: 0.952 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 141.2 Peak 1: 112.2 100.0 33.15
Pdl: 0.158 Peak2:  0.000 0.0 0.000
Intercept: 0.952 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 141.2 Peak 1: 144.6 100.0 49.22
Pdl: 0.158 Peak 2: 0.000 0.0 0.000
Intercept: 0.952 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.9 : PLGA167-lowT80’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve c) hacimce dagilimi (volume).

1000 10000
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 140.7 Peak 1: 153.7 100.0 47.97
Pdl: 0.108 Peak 2: 0.000 0.0 0.000
Intercept: 0.952 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 140.7 Peak 1: 108.0 100.0 3213
Pdl: 0.108 Peak 2: 0.000 0.0 0.000
Intercept: 0.952 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 140.7 Peak 1: 1415 100.0 51.21
Pdl: 0.108 Peak 2: 0.000 0.0 0.000
Intercept: 0.952 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
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Sekil 4.10 : PLGA167-highT80’nin a) siddetge dagilim1 (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume).
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4.1.2 Geleneksel yontemle hazirlanan PLGA nanopartikiillerinin 15.giin boyut

olctimleri

CCD deneysel matrisindeki degerlere uygun olarak en diisiik ve en yiiksek T80

miktarlar ile geleneksel yontemle hazirlanan PLGA nanopartikiillerinin 15.giin size

(intensity-number-volume) sonuglart asagidaki sekillerdeki gibidir.

a)

Results

Size (d.n...

% Intensity: St Dev (d.n...

Z-Average (d.nm): 119.3 Peak 1:  129.0 100.0 34.68
Pdl: 0.087 Peak2:  0.000 0.0 0.000
Intercept: 0.950 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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b)

Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 119.3 Peak 1:  94.80 100.0 25.37
Pdl: 0.087 Peak 2: 0.000 0.0 0.000
Intercept: 0.950 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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c)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 119.3 Peak 1: 116.3 100.0 36.44
Pdl: 0.087 Peak 2:  0.000 0.0 0.000
Intercept: 0.950 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.11: PLGA83-lowT80’nin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 131.5 Peak 1: 142.2 100.0 40.06
Pdi: 0.058 Peak 2: 0.000 0.0 0.000
Intercept: 0.954 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 131.5 Peak 1: 102.2 100.0 29.39
Pdl: 0.058 Peak 2: 0.000 0.0 0.000
Intercept: 0.954 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)
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Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):

Z-Average (d.nm): 131.5 Peak 1: 129.8 100.0 43.14
Pdl: 0.058 Peak 2:  0.000 0.0 0.000
Intercept: 0.954 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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Sekil 4.12: PLGA83-highT80’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 138.0 Peak 1: 1449 100.0 31.12
Pdl: 0.045 Peak 2: 0.000 0.0 0.000
Intercept: 0.949 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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Size Distribution by Intensity

b)

Results

Z-Average (d.nm):
Pdl:
Intercept: 0.949

1 10 100
Size (d.nm)
Size (d.n...
138.0 Peak 1: 120.5
0.045 Peak 2: 0.000
Peak3:  0.000

Result quality Refer to quality report

% Number: St Dev (d....
100.0 28.45
0.0 0.000
0.0 0.000

Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 138.0 Peak 1: 138.9 100.0 35.36
Pdl: 0.045 Peak2:  0.000 0.0 0.000
Intercept: 0.949 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)

Size (d.nm)

Sekil 4.13: PLGA100-lowT80’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve c) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 124.6 Peak 1: 1384 100.0 45.87
Pdi: 0.100 Peak 2: 0.000 0.0 0.000
Intercept: 0.948 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 124.6 Peak 1: 89.20 100.0 27.44
Pdl: 0.100 Peak 2: 0.000 0.0 0.000
Intercept: 0.948 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)
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Size (d.nm)
Results

Size (d.nm): % Volume: St Dev (d.nm):

Z-Average (d.nm): 124.6 Peak 1: 120.2 100.0 46.98

Pdl: 0.100 Peak2:  0.000 0.0 0.000

Intercept: 0.948 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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Sekil 4.14 : PLGA100-highT80’nin a) siddetge dagilim1 (intensity), b) sayica

100

Size (d.nm)
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dagilimi (number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 142.1 Peak 1: 159.9 100.0 52.78
Pdi: 0.101 Peak 2: 0.000 0.0 0.000
Intercept: 0.950 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 142.1 Peak 1: 103.9 100.0 34.56
Pdi: 0.101 Peak 2: 0.000 0.0 0.000
Intercept: 0.950 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 142.1 Peak 1: 145.5 100.0 56.96
Pdi: 0.101 Peak 2:  0.000 0.0 0.000
Intercept: 0.950 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
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Sekil 4.15 : PLGA125-l1owT80’nin a) siddetge dagilimi (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 155.1 Peak 1: 163.8 100.0 42.30
Pdl: 0.171 Peak2:  0.000 0.0 0.000
Intercept: 0.948 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 155.1 Peak 1: 1291 100.0 35.19

Pdi: 0.171 Peak 2: 0.000 0.0 0.000

Intercept: 0.948 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)

5 :
0.1 1 10 100 1000 10000
Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 155.1 Peak 1: 158.0 100.0 47.04
Pdl: 0.171 Peak 2:  0.000 0.0 0.000
Intercept: 0.948 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
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Sekil 4.16 : PLGA125-highT80 nin a) siddetge dagilimi (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume).
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b)

Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 141.9 Peak 1: 155.6 100.0 41.32
Pdi: 0.140 Peak 2:  0.000 0.0 0.000
Intercept: 0.933 Peak 3:  0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 141.9 Peak 1: 119.6 100.0 32.90
Pdl: 0.140 Peak 2: 0.000 0.0 0.000
Intercept: 0.933 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 141.9 Peak 1: 147.7 100.0 45.54
Pdl: 0.140 Peak 2: 0.000 0.0 0.000
Intercept: 0.933 Peak 3:  0.000 0.0 0.000

Result quality Good

Volume (Percent)

Size Distribution by Volume

100
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Sekil 4.17 : PLGA150-lowT80’nin a) siddetge dagilimi (intensity), b) sayica

1000

10000

dagilimi1 (number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 132.0 Peak 1: 146.6 100.0 46.01
Pdl: 0.083 Peak 2: 0.000 0.0 0.000
Intercept: 0.945 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 132.0 Peak 1: 97.63 100.0 30.47
Pdi: 0.083 Peak 2: 0.000 0.0 0.000
Intercept: 0.945 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 132.0 Peak 1: 131.3 100.0 49.00
Pdl: 0.083 Peak 2:  0.000 0.0 0.000
Intercept: 0.945 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
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Sekil 4.18 : PLGA150-highT80’nin a) siddetge dagilim1 (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume).
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Results

Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 143.2 Peak 1: 159.3 100.0 47.72
Pdl: 0.083 Peak 2:  0.000 0.0 0.000
Intercept: 0.939 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 143.2 Peak 1: 112.0 100.0 34.61
Pdl: 0.083 Peak 2: 0.000 0.0 0.000
Intercept: 0.939 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 143.2 Peak 1: 148.2 100.0 52.11
Pdl: 0.083 Peak 2:  0.000 0.0 0.000
Intercept: 0.939 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)
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Sekil 4.19 : PLGA167-lowT80’nin a) siddetge dagilim1 (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 149.8 Peak 1: 163.6 98.1 60.01
Pdl: 0.189 Peak 2: 4931 1.9 648.1
Intercept: 0.944 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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b)
Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 149.8 Peak 1: 100.3 100.0 34.36
Pdi: 0.189 Peak 2: 0.000 0.0 0.000
Intercept: 0.944 Peak3:  0.000 0.0 0.000

Result quality Refer to quality report
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 149.8 Peak 1: 146.9 953 63.85
Pdl: 0.189 Peak 2: 5165 4.7 783.7
Intercept: 0.944 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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Sekil 4.20 : PLGA167-highT80 nin a) siddetge dagilimi (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume).

56



4.1.3 Geleneksel yontemle hazirlanan PLGA nanopartikillerinin 60.gln boyut

Olctimleri

CCD deneysel matrisindeki degerlere uygun olarak en diisiik ve en yiiksek T80

miktarlari ile gelencksel yontemle hazirlanan PLGA nanopartikillerinin 60.gun size

(intensity-number-volume) sonuglart asagidaki sekillerdeki gibidir.

a)

Results

Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 125.9 Peak1: 1438 100.0 54.18
Pdl: 0.112 Peak2:  0.000 0.0 0.000
Intercept: 0.954 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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b)

Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 125.9 Peak 1: 79.75 100.0 27.61
Pdl: 0.112 Peak 2: 0.000 0.0 0.000
Intercept: 0.954 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 125.9 Peak 1: 119.2 100.0 54.88
Pdl: 0.112 Peak2:  0.000 0.0 0.000
Intercept: 0.954 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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Sekil 4.21 : PLGA83-lowT80’nin a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve c) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 135.0 Peak 1: 151.9 100.0 53.36
Pdi: 0.105 Peak 2: 0.000 0.0 0.000
Intercept: 0.956 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 135.0 Peak 1:  95.85 100.0 30.86
Pdl: 0.105 Peak 2: 0.000 0.0 0.000
Intercept: 0.956 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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Size Distribution by Number
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Refer to quality report
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Sekil 4.22 : PLGA83-highT80 nin a) siddet¢ce dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 140.5 Peak 1: 148.6 100.0 39.44
Pdl: 0.066 Peak 2: 0.000 0.0 0.000
Intercept: 0.944 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 140.5 Peak1: 1120 100.0 31.14

Pdl: 0.066 Peak 2: 0.000 0.0 0.000

Intercept: 0.944 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)

Size (d.nm)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 140.5 Peak 1: 139.1 100.0 43.34
Pdl: 0.066 Peak 2: 0.000 0.0 0.000
Intercept: 0.944 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.23: PLGA100-lowT80 nin a) siddet¢ce dagilimi (intensity), b) sayica dagilim1
(number) ve c¢) hacimce dagilimi (volume).
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Results

Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 118.1 Peak 1: 126.8 97.5 4453
Pdi: 0.167 Peak 2: 4651 25 804.2
Intercept: 0.945 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 118.1 Peak 1:  79.79 100.0 23.38
Pdl: 0.167 Peak 2: 0.000 0.0 0.000
Intercept: 0.945 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 118.1 Peak 1: 105.9 96.1 4265
Pdl: 0.167 Peak 2: 4985 3.9 886.6
Intercept: 0.945 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
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Sekil 4.24 : PLGA100-highT80’nin a) siddetce dagilimi (intensity), b) sayica
dagilimi (number) ve c¢) hacimce dagilimi (volume).
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b)

Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 133.2 Peak 1: 148.0 100.0 48.26
Pdl: 0.086 Peak 2: 0.000 0.0 0.000
Intercept: 0.936 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 133.2 Peak 1: 96.32 100.0 30.46
Pdl: 0.086 Peak 2: 0.000 0.0 0.000
Intercept: 0.936 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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Size Distribution by Number
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St Dev (d.nm):

Z-Average (d.nm): 133.2 Peak 1: 1316 100.0 51.01
Pdi: 0.086 Peak 2:  0.000 0.0 0.000
Intercept: 0.936 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
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Sekil 4.25 : PLGA125-1owT80’nin a) siddetge dagilim1 (intensity), b) sayica

Size (d.nm)

dagilim1 (number) ve c¢) hacimce dagilimi (volume).
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Results

Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 158.9 Peak 1: 183.1 100.0 58.07
Pdi: 0.131 Peak 2:  0.000 0.0 0.000
Intercept: 0.952 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 158.9 Peak 1: 126.3 100.0 42.76
Pdl: 0.131 Peak 2: 0.000 0.0 0.000
Intercept: 0.952 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 158.9 Peak 1: 1753 100.0 64.15
Pdl: 0.131 Peak2:  0.000 0.0 0.000
Intercept: 0.952 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.26 : PLGA125-highT80’nin a) siddetge dagilim1 (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume).

63



b)

Results

Z-Average (d.nm): 1476
Pdl: 0.092
Intercept: 0.929

Peak 1:
Peak 2:
Peak 3:

Result quality Refer to quality report
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10 100
Size (d.nm)
Size (d.n...
Peak 1: 109.1
Peak 2: 0.000
Peak 3: 0.000

Result quality Refer to quality report

% Number:
100.0

0.0

0.0

St Dev (d....
36.34
0.000
0.000

Number (Percent)

Size Distribution by Number

Results

Z-Average (d.nm): 147.6
Pdl: 0.092
Intercept: 0.929

Size (d.nm)
Size (d.nm):
Peak 1: 150.8
Peak 2: 0.000
Peak 3: 0.000

Result quality Refer to quality report
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Sekil 4.27 : PLGA150-lowT80’nin a) siddetge dagilimi (intensity), b) sayica
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dagilimi (number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 132.5 Peak 1: 152.0 100.0 53.15
Pdl: 0.115 Peak 2: 0.000 0.0 0.000
Intercept: 0.947 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 132.5 Peak1:  91.20 100.0 31.34

Pdl: 0.115 Peak 2: 0.000 0.0 0.000

Intercept: 0.947 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 132.5 Peak 1: 1326 100.0 56.16
Pdl: 0.115 Peak 2:  0.000 0.0 0.000
Intercept: 0.947 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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Sekil 4.28 : PLGA150-highT80’nin a) siddetge dagilim1 (intensity), b) sayica
dagilimi1 (number) ve c¢) hacimce dagilimi (volume).
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b)

Results

Z-Average (d.nm): 144.7
Pdl: 0.118
Intercept: 0.940

Size (d.n...

Peak1:  166.2
Peak 2: 0.000
Peak 3:  0.000

Result quality Refer to quality report
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0.0

0.0

St Dev (d.n...
62.42
0.000
0.000

Intensity (Percent)
3 & 8

o

Size Distribution by Intensity

Results

Z-Average (d.nm): 144.7
Pdi: 0.118
Intercept: 0.940

Size (d.nm)

Size (d.n...

Peak 1: 94.00
Peak 2: 0.000
Peak 3: 0.000

Result quality Refer to quality report

% Number:
100.0

0.0

0.0

St Dev (d....
34.84
0.000
0.000

Number (Percent)

Size Distribution by Number

10 100 1000 10000
Size (d.nm)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 144.7 Peak 1: 146.6 100.0 66.99
Pdl: 0.118 Peak 2:  0.000 0.0 0.000
Intercept: 0.940 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
4531 S 883 S S ) A VRS 4 S VS
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8
&
g g sommaavan vt o e e e R O S T R
g :
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0
0.1 1 10 100 1000 10000
Size (d.nm)

Sekil 4.29 : PLGA167-lowT80’nin a) siddetge dagilimi (intensity), b) sayica
dagilimi (number) ve c¢) hacimce dagilimi (volume).
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Results
Z-Average (d.nm): 151.8
Pdl: 0.053
Intercept: 0.938

Size (d.n...
Peak 1: 164.0
Peak 2: 0.000
Peak 3:  0.000

Result quality Refer to quality report

% Intensity: St Dev (d.n...
100.0 45.09
0.0 0.000
0.0 0.000

Intensity (Percent)
- - N nN
o o o o

o

Size Distribution by Intensity

o©

Results
Z-Average (d.nm): 151.8

Pdl: 0.053
Intercept: 0.938

10 100
Size (d.nm)
Size (d.n...
Peak 1: 123.9
Peak 2: 0.000
Peak 3:  0.000

Result quality Refer to quality report

% Number: St Dev (d....
100.0 35.89
0.0 0.000
0.0 0.000

Size Distribution by Number
g
g
o
5
2
E
=3
z
Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 151.8 Peak 1: 156.6 100.0 49.85
Pdl: 0.053 Peak 2: 0.000 0.0 0.000
Intercept: 0.938 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume

Volume (Percent)

Q0T s R R RERES [EETEETRRRRRR R EERRRER PR .

Size (d.nm)

1000 10000

Sekil 4.30 : PLGA167-highT80 nin a) siddetge dagilimi (intensity), b) sayica
dagilimi (number) ve c¢) hacimce dagilimi (volume).
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4.2 Geleneksel Yontemle Hazirlanan PLGA nanopartikiillerinin zeta 6l¢iimleri

Geleneksel Yontemle Hazirlanan PLGA nanopartikullerinin 1-3-5-7-15 ve 60. Gin
zeta potential dlgtimleri 2 tekrarli olacak sekilde 10 formulasyon i¢in yapilmistir. 1-

15 ve 60. giinleri cihaz raporu seklinde verilecektir, diger giinler EK A’da

gosterilmistir.
a)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -15.2 Peak1: -15.2 100.0 443
Zeta Deviation (mV): 4.43 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0478 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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-100 0 100 200
Apparent Zeta Potential (mV)
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b)

Results

Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -10.8 Peak 1: -10.8 100.0 7.45
Zeta Deviation (mV): 7.45 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0485 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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-100 0 100 200
Apparent Zeta Potential (mV)
c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -10.1 Peak 1: -5.31 60.0 5.68
Zeta Deviation (mV): 8.66 Peak 2: -17.9 39.8 4.61
Conductivity (mS/cm): 0.0614 Peak 3: -44.3 0.1 1.63

Result quality See result quality report

Zeta Potential Distribution
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Sekil 4.31 : PLGA83-lowT80 nin zeta 6l¢iim sonuglar1 a) 1.gln, b) 15.gun ve c)
60.gun.

69



Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -6.74 Peak 1: -9.96 79.3 7.34
Zeta Deviation (mV): 12.6 Peak 2: 6.90 20.5 4.67
Conductivity (mS/cm): 0.0497 Peak 3: -44.5 0.2 1.33

Result quality See result quality report

Zeta Potential Distribution
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b)

Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -5.50 Peak 1: -3.55 100.0 7.73
Zeta Deviation (mV): 22.5 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0589 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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-100
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -5.86 Peak 1: -5.86 100.0 7.79
Zeta Deviation (mV): 7.79 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0674 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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1000
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Sekil 4.32 : PLGA83-highT80 nin zeta 6l¢iim sonuglar1 a) 1.gln, b) 15.gun ve c)
60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -15.0 Peak 1: -15.0 100.0 6.51
Zeta Deviation (mV): 6.51 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0277 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -5.22 Peak 1: -4.43 100.0 6.58
Zeta Deviation (mV): 15.2 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0558 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -6.59 Peak 1: -6.08 94.8 8.70
Zeta Deviation (mV): 13.8 Peak 2: -36.9 4.2 4.61
Conductivity (mS/cm): 0.0870 Peak 3: 26.9 1.0 3.54

Result quality See result quality report
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Sekil 4.33 : PLGA100-lowT80’nin zeta 6l¢tim sonuglar1 a) 1.gin, b) 15.giin ve ¢)
60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.14 Peak 1: -347 100.0 9.20
Zeta Deviation (mV): 27.8 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0645 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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b)

Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -6.83 Peak 1: -4.04 93.5 7.54
Zeta Deviation (mV): 24.9 Peak 2: -26.3 4.4 3.22
Conductivity (mS/cm): 0.0630 Peak 3: 206 21 248

Result quality See result quality report

Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -5.08 Peak 1: -5.08 100.0 6.75
Zeta Deviation (mV): 6.75 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0817 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Sekil 4.34 : PLGA100-highT80’nin zeta 6lgiim sonuglar a) 1.giin, b) 15.giin ve ¢)
60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -8.04 Peak 1: -8.04 100.0 6.54
Zeta Deviation (mV): 6.54 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0758 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
25000
20000
2
S 15000
Q
o
o
3 10000
2
5000
0
Apparent Zeta Potential (mV)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.43 Peak 1: -7.43 100.0 7.86
Zeta Deviation (mV): 7.86 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0798 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -17.5 Peak 1: -17.5 100.0 8.26
Zeta Deviation (mV): 8.26 Peak 2: -48.4 0.0 0.00
Conductivity (mS/cm): 0.0458 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Sekil 4.35 : PLGA125-1owT80’nin zeta 6lglim sonuglari &) 1.gun, b) 15.gln ve c)
60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -10.2 Peak 1: -10.8 97.7 9.61
Zeta Deviation (mV): 10.5 Peak 2: 214 23 3.31
Conductivity (mS/cm): 0.0663 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -105 Peak 1: -10.5 100.0 6.13
Zeta Deviation (mV): 6.13 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0563 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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Apparent Zeta Potential (mV)

Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -9.95 Peak 1: -9.95 100.0 5.02
Zeta Deviation (mV): 5.02 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0564 Peak 3: 0.00 0.0 0.00
Result quality See result quality report

Zeta Potential Distribution
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Sekil 4.36 : PLGA125-highT80’nin zeta 6lgiim sonuglar a) 1.giin, b) 15.giin ve ¢)
60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -6.39 Peak 1: -6.39 100.0 5.96
Zeta Deviation (mV): 5.96 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0809 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -8.48 Peak 1: -8.48 100.0 5.20
Zeta Deviation (mV): 5.20 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0500 Peak 3: 0.00 0.0 0.00

Result quality See result quality report
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -12.4 Peak 1: -12.4 100.0 7.83
Zeta Deviation (mV): 7.83 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0600 Peak 3: 0.00 0.0 0.00

Result quality See result quality report
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Sekil 4.37 : PLGA150-1owT80’nin zeta 6lglim sonuglari &) 1.gun, b) 15.gln ve c)
60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.20 Peak 1: -4.20 100.0 6.29
Zeta Deviation (mV): 6.29 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0833 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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b)

Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.79 Peak 1: -4.79 100.0 6.15
Zeta Deviation (mV): 6.15 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0822 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -9.75 Peak 1: -9.75 100.0 6.65
Zeta Deviation (mV): 6.65 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0769 Peak 3: 0.00 0.0 0.00

Result quality See result quality report
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Sekil 4.38 : PLGA150-highT80 nin zeta 6l¢iim sonuglar1 a) 1.gun, b) 15.gln ve c)
60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.61 Peak 1: -7.61 100.0 4.02
Zeta Deviation (mV): 4.02 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0971 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
T e —— R S e e s :
B | ko) coscmmenmmrrssmmar sy
5 :
c
3 : i:
S 200001+ rrrrn e R RRRRTIRIeS
] 3
(S : : .
)| Lo n— R s . ;
0
-100 0 100 200
Apparent Zeta Potential (mV)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -8.90 Peak 1: -8.90 100.0 4.65
Zeta Deviation (mV): 4.65 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0713 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -21.6 Peak 1: -21.6 100.0 5.28
Zeta Deviation (mV): 5.28 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0641 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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Sekil 4.39 : PLGA167-lowT80 nin zeta 6l¢iim sonuglar a) 1.gin, b) 15.giin ve ¢)
60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.97 Peak 1: -4.97 100.0 4.22
Zeta Deviation (mV): 4.22 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.116 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -6.64 Peak 1: -6.64 100.0 4.07
Zeta Deviation (mV): 4.07 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0907 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.42 Peak 1: -7.33 99.2 5.00
Zeta Deviation (mV): 5.16 Peak 2: -245 0.8 1.63
Conductivity (mS/cm): 0.0864 Peak 3: 0.00 0.0 0.00

Result quality See result quality report
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Sekil 4.40 : PLGA167-highT80’nin zeta dl¢iim sonuglari &) 1.gun, b) 15.gln ve c)
60.gun.
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Sekil 4.41 : a) 1. Formilasyonun 3.giin b) 10.formilasyonun 5.giin gorseli.

Geleneksel yontem ile hazirlanan formiilasyonlar da 3.glinden baslayarak agregat

olusumu gozlenmistir.

Microfluidizer ile islenen formiilasyonlarda, geleneksel yonteme goére daha dar

partikil boyutuna ulasilmistir.
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4.3 Microfluidizer sonras1 PLGA nanopartikiil boyut sonugclari

Microfluidizer ile islenen PLGA nanopartikillerinin 1-7-15-30 ve 60. glin boyut
Olctimleri 3 tekrarli olacak sekilde 60 formiilasyon icin yapilmistir. 60 formiilasyon
icinden secilen 10 formilasyonun 1-15 ve 60.gin boyut verileri Zetasizer Nano ZSP

cihaz sonug raporu seklinde verilecektir, diger giinler EK B’de gosterilmistir.
4.3.1 Microfluidizer sonras1 PLGA nanopartikiillerinin 1. giin boyut dl¢iimleri

Microfluidizer ile islenmis PLGA nanopartikullerinin 1.gln size (intensity-number-

volume) sonuglar1 agagidaki sekillerdeki gibidir.

Ornek olarak; 17 numarali formiilasyona ait degerler PLGA miktar1 igin 83 mg, T80
miktari i¢in 3,6 ml’dir. Bu formiilasyon Microfluidizer cihazinda 18000 psi basingta

ve 3 gecis sayist ile islenmistir.

Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 117.3 Peak 1: 125.5 100.0 30.81
Pdl: 0.073 Peak 2:  0.000 0.0 0.000
Intercept: 0.966 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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b)

Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 117.3 Peak 1:  96.99 100.0 24.10
Pdl: 0.073 Peak 2: 0.000 0.0 0.000
Intercept: 0.966 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 117.3 Peak 1: 114.7 100.0 32.62
Pdl: 0.073 Peak 2: 0.000 0.0 0.000
Intercept: 0.966 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.42 : PLGA-17"nin a) siddetge dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 123.7 Peak 1: 139.0 100.0 48.71
Pdi: 0.095 Peak 2: 0.000 0.0 0.000
Intercept: 0.960 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity

20

Intensity (Percent)
° &

o

o©
a
-

10 100 1000 10000
Size (d.nm)
b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 123.7 Peak 1: 83.05 100.0 27.01
Pdl: 0.095 Peak 2: 0.000 0.0 0.000
Intercept: 0.960 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 123.7 Peak 1: 17.3 100.0 49.55
Pdl: 0.095 Peak 2: 0.000 0.0 0.000
Intercept: 0.960 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.43 : PLGA-29’un a) siddetge dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 105.6 Peak 1: 116.2 100.0 37.67
Pdi: 0.112 Peak 2:  0.000 0.0 0.000
Intercept: 0.963 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 105.6 Peak 1:  73.69 100.0 21.56
Pdl: 0.112 Peak2:  0.000 0.0 0.000
Intercept: 0.963 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 105.6 Peak 1: 96.07 100.0 35.92
Pdl: 0.112 Peak 2: 0.000 0.0 0.000
Intercept: 0.963 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Sekil 4.44 : PLGA-1’in a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 121.1 Peak 1: 132.6 100.0 39.81
Pdl: 0.081 Peak 2: 0.000 0.0 0.000
Intercept: 0.975 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Intensity (Percent)
5

00.1 1 10 100 1000 10000
Size (d.nm)
b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 121.1 Peak1: 9174 100.0 26.03
Pdl: 0.081 Peak 2: 0.000 0.0 0.000
Intercept: 0.975 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

BT e ceee

Number (Percent)

X 3
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Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 121.1 Peak 1: 171 100.0 41.08
Pdi: 0.081 Peak 2: 0.000 0.0 0.000
Intercept: 0.975 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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20

Volume (Percent)
3 o

o

0.1 1 10 100 1000 10000
Size (d.nm)

Sekil 4.45 : PLGA-24"1in a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 127.8 Peak 1: 138.7 100.0 39.34
Pdl: 0.090 Peak 2: 0.000 0.0 0.000
Intercept: 0.957 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 127.8 Peak 1: 100.9 100.0 27.89
Pdl: 0.090 Peak2:  0.000 0.0 0.000
Intercept: 0.957 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 127.8 Peak 1: 126.2 100.0 41.66
Pdl: 0.090 Peak2:  0.000 0.0 0.000
Intercept: 0.957 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Sekil 4.46 : PLGA-47’nin a) siddetge dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 136.1 Peak 1: 1456 100.0 37.38
Pdi: 0.071 Peak 2: 0.000 0.0 0.000
Intercept: 0.964 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity

Intensity (Percent)

0.1 1 10 100 1000 10000

Size (d.nm)
b)
Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 136.1 Peak 1: 112.0 100.0 29.98
Pdl: 0.071 Peak 2: 0.000 0.0 0.000
Intercept: 0.964 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 136.1 Peak 1: 136.5 100.0 41.06
Pdl: 0.071 Peak 2:  0.000 0.0 0.000
Intercept: 0.964 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Sekil 4.47 : PLGA-54’1in a) siddetge dagilimu (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results

Z-Average (d.nm): 1352
Pdl:
Intercept: 0.958

Intensity (Percent)
2

b)
Results

Z-Average (d.nm):
Pdl:

Size (d.n... % Intensity: St Dev (d.n...
Peak 1: 147.3 100.0 48.11
0.128 Peak 2:  0.000 0.0 0.000
Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
1 10 100 1000 10000
Size (d.nm)
Size (d.n... % Number: St Dev (d....
135.2 Peak 1: 98.40 100.0 30.18
0.128 Peak 2: 0.000 0.0 0.000
0.958 Peak 3: 0.000 0.0 0.000

Intercept:
Result quality

Refer to quality report

Number (Percent)

Size Distribution by Number

Results

Z-Average (d.nm):
Pdl:

Intercept:
Result quality

1 10 100
Size (d.nm)
Size (d.nm):
135.2 Peak 1: 1319
0.128 Peak 2: 0.000
0.958 Peak 3: 0.000

Refer to quality report

1000
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100.0
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10000

St Dev (d.nm):
50.43
0.000
0.000

Volume (Percent)

Size Distribution by Volume

Size (d.nm)
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10000

Sekil 4.48 : PLGA-14’iin a) siddetge dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 133.6 Peak 1: 143.1 100.0 37.91
Pdl: 0.056 Peak 2:  0.000 0.0 0.000
Intercept: 0.969 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 133.6 Peak 1: 107.8 100.0 29.33
Pdl: 0.056 Peak2:  0.000 0.0 0.000
Intercept: 0.969 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 133.6 Peak 1: 132.8 100.0 41.27
Pdl: 0.056 Peak 2:  0.000 0.0 0.000
Intercept: 0.969 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Volume (Percent)
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Sekil 4.49 : PLGA-7’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 134.9 Peak 1: 143.1 100.0 37.07
Pdl: 0.039 Peak 2:  0.000 0.0 0.000
Intercept: 0.944 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Intensity

Intensity (Percent)

01 1 10 100 1000 10000
Size (d.nm)

b)

Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 134.9 Peak 1: 1091 100.0 29.32
Pdi: 0.039 Peak 2: 0.000 0.0 0.000
Intercept: 0.944 Peak 3:  0.000 0.0 0.000
Result quality Good
Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 134.9 Peak 1: 133.4 100.0 40.55
Pdl: 0.039 Peak2:  0.000 0.0 0.000
Intercept: 0.944 Peak 3:  0.000 0.0 0.000
Result quality Good
Size Distribution by Volume
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Sekil 4.50 : PLGA-28’in a) siddetce dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 140.2 Peak 1: 150.2 100.0 42.36
Pdi: 0.041 Peak 2: 0.000 0.0 0.000
Intercept: 0.942 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 140.2 Peak 1: 109.7 100.0 31.65
Pdl: 0.041 Peak 2: 0.000 0.0 0.000
Intercept: 0.942 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 140.2 Peak 1: 139.5 100.0 46.13
Pdi: 0.041 Peak 2:  0.000 0.0 0.000
Intercept: 0.942 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.51 : PLGA-55’in a) siddetge dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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4.3.2 Microfluidizer sonrasi PLGA nanopartikiillerinin 15.giin boyut ol¢iimleri

Microfluidizer ile islenmis PLGA nanopartikiillerinin 15.giin size (intensity-number-

volume) sonuglar1 asagidaki sekillerdeki gibidir.

Ornek olarak; 17 numarali formiilasyona ait degerler PLGA miktar1 i¢in 83 mg, T80
miktari i¢in 3,6 ml’dir. Bu formiilasyon Microfluidizer cihazinda 18000 psi basingta

ve 3 gecis sayisi ile iglenmisgtir.

a)
Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 115.7 Peak1: 1225 100.0 33.67
Pdl: 0.128 Peak2:  0.000 0.0 0.000
Intercept: 0.954 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report
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b)

Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 115.7 Peak 1: 89.52 100.0 23.25
Pdl: 0.128 Peak 2: 0.000 0.0 0.000
Peak 3: 0.000 0.0 0.000

Intercept: 0.954
Result quality Refer to quality report

Size Distribution by Number
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c)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 115.7 Peak 1: 108.8 100.0 34.25
0.0 0.000

Pdl: 0.128 Peak 2: 0.000

Intercept: 0.954 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
AT S e S o e S S T R e
:15....... L T T T TR
[
g
e
L e e 1
E |
3 |
S [
5 ............................................ I‘ ....... s o AR ARG
»‘ \
/‘ \
5 : \ :
0.1 1 10 100 1000 10000
Size (d.nm)

Sekil 4.52 : PLGA-17"nin a) siddetge dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume).
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Results

Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 122.5 Peak 1: 136.0 100.0 44.94
Pdi: 0.100 Peak 2:  0.000 0.0 0.000
Intercept: 0.970 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity

Intensity (Percent)
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 1225 Peak 1: 89.60 100.0 26.51
Pdl: 0.100 Peak 2: 0.000 0.0 0.000
Intercept: 0.970 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 122.5 Peak 1: 118.4 100.0 4547
Pdl: 0.100 Peak 2: 0.000 0.0 0.000
Intercept: 0.970 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
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Sekil 4.53 : PLGA-29’un a) siddetge dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 111.8 Peak 1: 1214 100.0 35.86
Pdi: 0.070 Peak2:  0.000 0.0 0.000
Intercept: 0.958 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 111.8 Peak 1: 82.41 100.0 23.31
Pdi: 0.070 Peak 2: 0.000 0.0 0.000
Intercept: 0.958 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 111.8 Peak 1: 104.6 100.0 36.02
Pdl: 0.070 Peak 2: 0.000 0.0 0.000
Intercept: 0.958 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.54 : PLGA-1’1n a) siddetce dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 118.2 Peak 1: 1294 100.0 39.28
Pdi: 0.092 Peak2:  0.000 0.0 0.000
Intercept: 0.955 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 118.2 Peak 1: 90.08 100.0 24.83
Pdl: 0.092 Peak 2: 0.000 0.0 0.000
Intercept: 0.955 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 118.2 Peak 1: 113.7 100.0 39.74
Pdl: 0.092 Peak 2:  0.000 0.0 0.000
Intercept: 0.955 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report
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Sekil 4.55 : PLGA-24’iin a) siddetge dagilimu (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 125.0 Peak 1: 136.1 100.0 41.56
Pdi: 0.110 Peak 2: 0.000 0.0 0.000
Intercept: 0.954 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 125.0 Peak 1: 94.38 100.0 27.03
Pdi: 0.110 Peak 2: 0.000 0.0 0.000
Intercept: 0.954 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 125.0 Peak 1: 1211 100.0 43.00
Pdl: 0.110 Peak 2: 0.000 0.0 0.000
Intercept: 0.954 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)
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Sekil 4.56 : PLGA-47’nin a) siddetge dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results

Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 132.0 Peak 1:  139.4 100.0 35.57
Pdl: 0.157 Peak 2: 0.000 0.0 0.000
Intercept: 0.970 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 132.0 Peak 1: 107.6 100.0 27.96
Pdl: 0.157 Peak 2: 0.000 0.0 0.000
Intercept: 0.970 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Number (Percent)

Size Distribution by Number

Results

Z-Average (d.nm): 132.0
Pdl: 0.157
Intercept: 0.970

10 100
Size (d.nm)
Size (d.nm):
Peak 1: 129.8
Peak 2: 0.000
Peak 3: 0.000

Result quality Refer to quality report
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Size Distribution by Volume
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Sekil 4.57 : PLGA-54’1in a) siddetge dagilimu (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 132.1 Peak 1: 1417 100.0 36.04
Pdl: 0.080 Peak 2: 0.000 0.0 0.000
Intercept: 0.949 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity

Intensity (Percent)
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Size (d.nm)
b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 132.1 Peak 1: 108.9 100.0 28.81

Pdi: 0.080 Peak 2: 0.000 0.0 0.000

Intercept: 0.949 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 132.1 Peak 1: 1321 100.0 39.44
Pdl: 0.080 Peak 2:  0.000 0.0 0.000
Intercept: 0.949 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)
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Sekil 4.58 : PLGA-14"1in a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve c¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 127.9 Peak 1:  133.7 100.0 30.05
Pdi: 0.022 Peak 2: 0.000 0.0 0.000
Intercept: 0.967 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 127.9 Peak 1: 108.0 100.0 25.92
Pdi: 0.022 Peak 2: 0.000 0.0 0.000
Intercept: 0.967 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 127.9 Peak 1: 1255 100.0 33.19
Pdl: 0.022 Peak 2:  0.000 0.0 0.000
Intercept: 0.967 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.59 : PLGA-7’nin a) siddetce dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 132.9 Peak 1: 139.2 100.0 32.23
Pdi: 0.021 Peak2:  0.000 0.0 0.000
Intercept: 0.944 Peak 3:  0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 132.9 Peak 1: 1M11.4 100.0 27.66
Pdl: 0.021 Peak 2: 0.000 0.0 0.000
Intercept: 0.944 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Number

Number (Percent)
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c)
Results

Size (d.nm): % Volume: St Dev (d.nm):

Z-Average (d.nm): 132.9 Peak 1: 1311 100.0 35.80

Pdi: 0.021 Peak 2: 0.000 0.0 0.000

Intercept: 0.944 Peak 3:  0.000 0.0 0.000

Result quality Good
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Sekil 4.60 : PLGA-28’in a) siddetce dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 137.0 Peak 1: 1496 100.0 4528
Pdl: 0.123 Peak2:  0.000 0.0 0.000
Intercept: 0.954 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 137.0 Peak 1: 106.7 100.0 30.91

Pdl: 0.123 Peak 2: 0.000 0.0 0.000

Intercept: 0.954 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 137.0 Peak1: 1375 100.0 48.27
Pdi: 0.123 Peak2:  0.000 0.0 0.000
Intercept: 0.954 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
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Sekil 4.61 : PLGA-55’in a) siddetce dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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4.3.3 Microfluidizer sonrasi PLGA nanopartikiillerinin 60.giin boyut ol¢iimleri

Microfluidizer ile islenmis PLGA nanopartikllerinin 60.gin size (intensity-number-

volume) sonuglar1 agagidaki sekillerdeki gibidir.

Ornek olarak; 17 numarali formiilasyona ait degerler PLGA miktari i¢in 83 mg, T80

miktar1 i¢in 3,6 ml’dir. Bu formiilasyon Microfluidizer cihazinda 18000 psi basingta

ve 3 gecis sayisi ile islenmistir.

a)

Results

Size (d.n... % Intensity: St Dev (d.n...

Z-Average (d.nm): 119.1 Peak1: 128.6 100.0 34.92
Pdl: 0.078 Peak2:  0.000 0.0 0.000
Intercept: 0.968 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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b)

Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 119.1 Peak 1:  93.47 100.0 2527
Pdl: 0.078 Peak 2: 0.000 0.0 0.000
Intercept: 0.968 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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c)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 119.1 Peak 1: 11563 100.0 36.61
Pdl: 0.078 Peak 2: 0.000 0.0 0.000
Intercept: 0.968 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.62 : PLGA-17’nin a) siddetge dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 119.7 Peak 1: 125.8 100.0 36.14
Pdl: 0.139 Peak 2: 0.000 0.0 0.000
Intercept: 0.948 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 119.7 Peak 1: 90.20 100.0 24.04

Pdl: 0.139 Peak 2: 0.000 0.0 0.000

Intercept: 0.948 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 119.7 Peak 1: M4 100.0 36.67
Pdl: 0.139 Peak 2:  0.000 0.0 0.000
Intercept: 0.948 Peak 3:  0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Volume
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Sekil 4.63 : PLGA-29’un a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 117.5 Peak 1: 124.9 100.0 33.00
Pdl: 0.028 Peak2:  0.000 0.0 0.000
Intercept: 0.953 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
25
20
z
g 15
e
2
2 10
8
£
5
& ; $
0.1 1 10 100 1000 10000
Size (d.nm)
Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 117.5 Peak 1:  92.11 100.0 24.23
Pdl: 0.028 Peak 2: 0.000 0.0 0.000
Intercept: 0.953 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)
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Size (d.nm)
c)
Results
Size (d.nm): % Volume: St Dev (d.nm):

Z-Average (d.nm): 117.5 Peak 1: 112.0 100.0 34.43

Pdl: 0.028 Peak 2: 0.000 0.0 0.000

Intercept: 0.953 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)
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Sekil 4.64 : PLGA-24"in a) siddetce dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 125.1 Peak 1: 138.0 100.0 40.85
Pdl: 0.083 Peak 2:  0.000 0.0 0.000
Intercept: 0.945 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 125.1 Peak 1: 95.27 100.0 27.99
Pdl: 0.083 Peak 2: 0.000 0.0 0.000
Intercept: 0.945 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 125.1 Peak 1: 123.2 100.0 43.19
Pdl: 0.083 Peak2:  0.000 0.0 0.000
Intercept: 0.945 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume

Volume (Percent)
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Sekil 4.65 : PLGA-47’nin a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 126.2 Peak 1: 135.6 100.0 40.29
Pdl: 0.132 Peak 2:  0.000 0.0 0.000
Intercept: 0.951 Peak3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Intensity
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b)
Results
Size (d.n... % Number: St Dev (d....

Z-Average (d.nm): 126.2 Peak 1: 94.55 100.0 27.07

Pdl: 0.132 Peak 2: 0.000 0.0 0.000

Intercept: 0.951 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 126.2 Peak 1: 120.9 100.0 42.06
Pdl: 0.132 Peak 2:  0.000 0.0 0.000
Intercept: 0.951 Peak 3:  0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.66 : PLGA-54’in a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results

Z-Average (d.nm): 1325
Pdi: 0.133
Intercept: 0.943

Result quality Good

Peak 1:
Peak 2:
Peak 3:

Size (d.n...
146.0
0.000
0.000

% Intensity:
100.0

0.0

0.0

St Dev (d.n...
49.84
0.000
0.000

20+

Intensity (Percent)

Size Distribution by Intensity

Results
Z-Average (d.nm): 132.5
Pdl: 0.133
Intercept: 0.943
Result quality Good
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Size (d.n...
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Size Distribution by Number

Results

Z-Average (d.nm): 132.5
Pdl: 0.133

Intercept: 0.943
Result quality Good
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Sekil 4.67 : PLGA-14’{in a) siddet¢e dagilimi (intensity), b) sayica dagilimi
(number) ve ¢) hacimce dagilimi (volume).
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Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 128.0 Peak 1: 135.1 100.0 34.01
Pdl: 0.019 Peak2:  0.000 0.0 0.000
Intercept: 0.958 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Intensity
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Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 128.0 Peak 1: 103.6 100.0 26.69
Pdl: 0.019 Peak 2: 0.000 0.0 0.000
Intercept: 0.958 Peak 3: 0.000 0.0 0.000
Result quality Refer to quality report
Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 128.0 Peak 1: 124.6 100.0 36.80
Pdi: 0.019 Peak2:  0.000 0.0 0.000
Intercept: 0.958 Peak 3: 0.000 0.0 0.000

Result quality Refer to quality report

Size Distribution by Volume
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Sekil 4.68 : PLGA-7’nin a) siddetce dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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Resuits
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 135.0 Peak 1: 142.3 100.0 36.60
Pdl: 0.011 Peak2:  0.000 0.0 0.000
Intercept: 0.936 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 135.0 Peak 1: 108.5 100.0 29.10
Pdl: 0.011 Peak 2: 0.000 0.0 0.000
Intercept: 0.936 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Number

Number (Percent)
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Size (d.nm)

Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 135.0 Peak 1: 1325 100.0 40.07
Pdl: 0.011 Peak2:  0.000 0.0 0.000
Intercept: 0.936 Peak 3:  0.000 0.0 0.000

Result quality Good

Size Distribution by Volume
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Sekil 4.69 : PLGA-28’in a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).

110



Results
Size (d.n... % Intensity: St Dev (d.n...
Z-Average (d.nm): 143.0 Peak 1: 157.3 100.0 4245
Pdl: 0.147 Peak 2: 0.000 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Intensity
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Results
Size (d.n... % Number: St Dev (d....
Z-Average (d.nm): 143.0 Peak 1: 120.5 100.0 33.37
Pdl: 0.147 Peak 2: 0.000 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Number
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c)
Results
Size (d.nm): % Volume: St Dev (d.nm):
Z-Average (d.nm): 143.0 Peak 1: 1494 100.0 46.68
Pdl: 0.147 Peak2:  0.000 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Volume
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Sekil 4.70 : PLGA-55’in a) siddet¢e dagilimi (intensity), b) sayica dagilimi (number)
ve ¢) hacimce dagilimi (volume).
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4.4 Microfluidizer sonras1 PLGA nanopartikiillerinin zeta 6l¢iimleri

Microfluidizer ile islenen PLGA nanopartikillerinin 15-21-30 ve 60 Gin zeta
potential Slgiimleri 2 tekrarli olacak sekilde 60 formiilasyon i¢in yapilmistir. 60
formilasyon icinden secilen 10 formilasyonun 15-30 ve 60.giin zeta verileri DLS

cihaz sonu¢ raporu seklinde verilecektir, diger formiilasyonlar EK B’de

gosterilmistir.
a)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.54 Peak 1: -4.54 100.0 9.1
Zeta Deviation (mV): 9.1 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0654 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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b)

Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -2.82 Peak 1: -3.04 99.6 113
Zeta Deviation (mV): 12.2 Peak 2: 59.7 0.2 2.56
Conductivity (mS/cm): 0.0949 Peak 3: 53.5 0.1 2.23

Result quality See result quality report

Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -2.25 Peak 1: 214 29.8 4.40
Zeta Deviation (mV): 76.4 Peak 2: 10.8 17.9 3.43
Conductivity (mS/cm): 0.0901 Peak 3: -3.92 15.4 7.56
Result quality See result quality report
Zeta Potential Distribution
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Sekil 4.71 : PLGA-17’nin zeta 6l¢tim sonuglart a) 15.giin, b) 30.gun ve ¢) 60.gun.
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Results
Mean (mV)
Zeta Potential (mV): -3.29 Peak 1: -3.29
Zeta Deviation (mV): 9.55 Peak 2: 0.00
Conductivity (mS/cm): 0.0776 Peak 3: 0.00

Result quality See result quality report

Area (%)
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Zeta Potential Distribution
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b)

Results
Mean (mV)
Zeta Potential (mV): -4.55 Peak 1: -4.39
Zeta Deviation (mV): 9.40 Peak 2: -40.1
Conductivity (mS/cm): 0.0957 Peak 3: 0.00

Result quality See result quality report
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.58 Peak 1: -6.72 88.3 7.19
Zeta Deviation (mV): 19.5 Peak 2: 375 5.6 2.31
Conductivity (mS/cm): 0.106 Peak 3: 18.6 4.7 3.23

Result quality See result quality report

Zeta Potential Distribution
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Sekil 4.72 : PLGA-29’un zeta 6l¢iim sonuglart a) 15.gin, b) 30.gun ve ¢) 60.gun.
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Results
Mean (mV)
Zeta Potential (mV): -7.00 Peak 1: -6.99
Zeta Deviation (mV): 6.48 Peak 2: -33.8
Conductivity (mS/cm): 0.102 Peak 3: 0.00

Result quality See result quality report
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Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.77 Peak 1: -6.24 100.0 8.60
Zeta Deviation (mV): 20.4 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.131 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -17.5 Peak 1: -12.5 88.3 7.56
Zeta Deviation (mV): 37.2 Peak 2: 13.8 53 3.98
Conductivity (mS/cm): 0.130 Peak 3: -53.6 24 3.36

Result quality See result quality report

Zeta Potential Distribution
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Sekil 4.73 : PLGA-1’in zeta 6l¢iim sonuglar1 a) 15.gun,
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -5.49 Peak 1: -5.49 100.0 8.51
Zeta Deviation (mV): 8.51 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0885 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
D53 8 0 S A 30
. E————— R | T—— R — 5
% : z : :
E 45000+ ver s nne nmnes - S | :
3 : Ak
o
] s \
B Googots s s o,
- % |
BO00 v e e
0
-100
Apparent Zeta Potential (mV)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -2.50 Peak 1: 2.94 751 15.1
Zeta Deviation (mV): 81.4 Peak 2: 485 3.1 5.60
Conductivity (mS/cm): 0.0793 Peak 3: -59.1 29 6.57

Result quality See result quality report

Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): 0.136 Peak 1: -7.83 45.5 6.65
Zeta Deviation (mV): 56.6 Peak 2: 7.49 353 3.80
Conductivity (mS/cm): 0.102 Peak 3: -78.0 3.9 4.38

Result quality See result quality report

Zeta Potential Distribution
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Sekil 4.74 : PLGA-24’{in zeta 6l¢iim sonuglart a) 15.giin, b) 30.gun ve ¢) 60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.93 Peak 1: -5.88 99.8 7.22
Zeta Deviation (mV): 23.1 Peak 2: 232 0.2 1.40
Conductivity (mS/cm): 0.0889 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -5.51 Peak 1: -5.37 99.5 8.01
Zeta Deviation (mV): 8.27 Peak 2: -36.4 0.5 241
Conductivity (mS/cm): 0.105 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution

30000
£ 20000
c
3
o
5
=]
10000
0
-100 0 100 200
Apparent Zeta Potential (mV)
c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -6.21 Peak 1: -7.91 85.7 5.23
Zeta Deviation (mV): 9.40 Peak 2: 6.50 131 3.50
Conductivity (mS/cm): 0.0894 Peak 3: -54.8 0.4 2.33
Result quality See result quality report
Zeta Potential Distribution
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Sekil 4.75 : PLGA-47’nin zeta 6l¢iim sonuglart a) 15.gun, b) 30.glin ve c¢) 60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -11.6 Peak 1: -116 100.0 9.20
Zeta Deviation (mV): 9.20 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0578 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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Apparent Zeta Potential (mV)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.54 Peak 1: -7.54 100.0 6.81
Zeta Deviation (mV): 6.81 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0529 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -3.61 Peak 1: -3.61 100.0 6.22
Zeta Deviation (mV): 6.22 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0462 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution

Total Counts

-100 0 100 200
Apparent Zeta Potential (mV)

Sekil 4.76 : PLGA-54’1in zeta 6l¢iim sonuglar1 a) 15.gun, b) 30.gun ve c) 60.gdn.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.75 Peak 1: -347 90.3 591
Zeta Deviation (mV): 7.41 Peak 2: -20.0 9.7 3.62
Conductivity (mS/cm): 0.108 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.19 Peak 1: -4.19 100.0 7.64
Zeta Deviation (mV): 7.64 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0971 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -2.59 Peak 1: 0.780 36.5 4.46
Zeta Deviation (mV): 42.6 Peak 2: -11.5 32.5 5.43
Conductivity (mS/cm): 0.124 Peak 3: 13.0 214 3.89
Result quality See result quality report
Zeta Potential Distribution
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-100 0 100 200
Apparent Zeta Potential (mV)

Sekil 4.77 : PLGA-14’lin zeta 6l¢iim sonuglart a) 15.gln, b) 30.gun ve ¢) 60.gun.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -5.70 Peak 1: -5.16 100.0 8.73
Zeta Deviation (mV): 14.3 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0802 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -3.67 Peak 1: -3.67 100.0 9.32
Zeta Deviation (mV): 9.33 Peak 2: -51.0 0.0 0.00
Conductivity (mS/cm): 0.0905 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.80 Peak 1: -7.15 99.1 9.44
Zeta Deviation (mV): 11.9 Peak 2: -80.5 0.6 1.58
Conductivity (mS/cm): 0.0946 Peak 3: -62.7 0.3 1.61
Result quality See result quality report

Zeta Potential Distribution
A0 At & s 0t FCSsLIELI s R S S 5
I I . , : '
T, ER—————" ................

A00F s e R e

Total Counts

o NG,  —

-100 0 100 200
Apparent Zeta Potential (mV)

Sekil 4.78 : PLGA-7’nin zeta 6l¢iim sonuglar a) 15.gin, b) 30.glin ve c) 60.gln.
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.66 Peak 1: -4.66 100.0 6.51
Zeta Deviation (mV): 6.51 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.107 Peak 3: 0.00 0.0 0.00
Result quality See result quality report
Zeta Potential Distribution
OO0 55 S T G S T R e S (e SR SRR .
30000} <+ -v v PO | —— Yo v ;
2 : 1 ! §
€ :
3 :
8 20000f -+ R RRTTITEe
£ 3
[ .
10000T:  r et .................
0
-100
Apparent Zeta Potential (mV)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.48 Peak 1: -4.48 100.0 7.69
Zeta Deviation (mV): 7.69 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.100 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -5.94 Peak 1: -3.53 66.6 4.58
Zeta Deviation (mV): 15.8 Peak 2: -16.1 234 3.72
Conductivity (mS/cm): 0.141 Peak 3: 17.1 4.6 4.29

Result quality See result quality report

Zeta Potential Distribution
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Sekil 4.79 : PLGA-28’in zeta 6l¢iim sonuglari a) 15.gin, b) 30.glin ve c) 60.gln.

121



Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.87 Peak 1: -4.87 100.0 7.62
Zeta Deviation (mV): 7.62 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0782 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -4.37 Peak 1: -4.37 100.0 7.01
Zeta Deviation (mV): 7.01 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.119 Peak 3: 0.00 0.0 0.00

Result quality See result quality report

Zeta Potential Distribution
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Apparent Zeta Potential (mV)
c)
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -7.01 Peak 1: -6.57 91.3 7.1
Zeta Deviation (mV): 22.1 Peak 2: 13.8 8.1 2.99
Conductivity (mS/cm): 0.0798 Peak 3: -78.3 0.2 1.49
Result quality See result quality report
Zeta Potential Distribution
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Sekil 4.80 : PLGA-55’in zeta ol¢iim sonuglar1 a) 15.gun, b) 30.glin ve c) 60.gln.
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Microfluidizer ile islenen nanopartikiiller i¢in literatiire uygun olarak gegis sayisinin

artmasiyla Z-Ave degerinin diistigii gozlenmistir [102].

Tablo 4.1 : A) 2,38 ve 46 numarali formiilasyonlar i¢in, B) 12,26 ve 30 numarali

formdiilasyonlar igin gegis sayis1 ve Z-Ave karsilastirmasi.

RunOrder PLGA T80 Press(k) Pass Z-Ave

A) 46 125 3,6 25 1 134,3
38 125 3,6 25 3 127,8

2 125 3,6 25 5 1219

RunOrder PLGA T80 Press(k) Pass Z-Ave

B) 12 125 3,6 18 1 131,3
26 125 3,6 18 3 125,9

30 125 3,6 18 5 123,3

Tablo 4.1 de gorildigi tizere ayn1t PLGA, T80 ve basing degerlerine sahip fakat
farkli gecis sayisina sahip formiilasyonlarin gegis sayisi arttikca Z-Ave degeri

diismektedir.

Microfluidizer sonrasi 21.giinden itibaren formiilasyonlarin bircogunda agregat

olusumu, birka¢ formiilasyonda ise kiif gozlenmistir.

Sekil 4.81 : 6 numarali formiilasyonun 30.giin goriintiisii (kiif olusumu).

Sekil 4.82 : 40 numaral1 formiilasyonun 21.giin goriintiisli (agregat olusumu).
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4.5 Deneysel Tasarim
4.5.1 Tasarim modeli ve veri analizi

Deneylerden elde edilen verileri planlama analiz etme ve yorumlamay1 kapsayan
istatiksel teknige deney tasarimi (experimental design) denir. Nicellestirilmesi veya
gbzlenmesi gereken deneyin sonucu ise yanittir (response) [66]. CCD tasarimi ve
kurulumu ile 60 deneyden elde edilen yanitlar Tablo 3.4 de gosterilmistir. Model
uyumu degerlendirildi. Z-Ave ve Zeta potential i¢cin uyum degerlerinin olmamasi
anlamli degildi. Fakat PdI i¢in modelin uyum eksikligi anlamli sonug¢ gosterdi
(p=0.002). Buna ragmen, bu uyum eksikligi PdI’'nin ¢ok diisiik degerlerinden
kaynaklanabileceginden dolayr Pdl da optimizasyon siirecine dahil edilmistir. Ek
olarak, optimum kosullar i¢in model dogrulugunu degerlendirmek iizere optimize
edilmis formiilasyon ii¢ kez hazirlanacagindan, Pdl eklenmesi daha mantikli bir

yaklagim olarak goriilmiistiir.

PLGA nano ilag dagitim sistemi i¢in Z-Ave ‘in minumum standart sapmasini tahmin

etmek amaciyla asagidaki ikinci dereceden ti¢ dereceli denklemler kullanildi.

Gegis sayisi (pass) 1 oldugunda;

SDVZAVE = 12.47 - 0.0303 PLGA - 1.670 T80 - 0.564 PRES (k) - 0.000027 PLGA*PLGA
+0.0994 T80*T80 + 0.01202 PRES (k)*PRES (k) + 0.00484 PLGA*T80

+0.00170 PLGA*PRES (k) - 0.0136 T80*PRES (k)

Gegis sayist 3 oldugunda;
SDVZAVE =12.84 - 0.0556 PLGA - 1.229 T80 - 0.479 PRES (k) - 0.000027 PLGA*PLGA
+0.0994 T80*T80 + 0.01202 PRES (K)*PRES (k) + 0.00484 PLGA*T80

+0.00170 PLGA*PRES (k) - 0.0136 T80*PRES (k)

Gegis sayist 5 oldugunda;
SDVZAVE = 7.55 - 0.0258 PLGA - 0.859 T80 - 0.489 PRES (k) - 0.000027 PLGA*PLGA
+0.0994 T80*T80 + 0.01202 PRES (K)*PRES (k) + 0.00484 PLGA*T80

+0.00170 PLGA*PRES (k) - 0.0136 T80*PRES (k)
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PLGA nano ilag dagitim sistemi i¢in PdI’'nin minumum standart sapmasini tahmin

etmek amaciyla asagidaki ii¢lincli dereceden denklem kullanilmaistir:

Gegis sayisi 1 oldugunda;

SDVPDI = -0.0165 + 0.001273 PLGA - 0.02022 T80 + 0.00015 PRES (k) - 0.000002
PLGA*PLGA

+0.001181 T80*T80 + 0.000098 PRES (k)*PRES (k) + 0.000019 PLGA*T80

- 0.000041 PLGA*PRES (K) + 0.000406 T80*PRES (k)

Gegis sayist 3 oldugunda;

SDVPDI = -0.0107 + 0.000997 PLGA - 0.01809 T80 + 0.00134 PRES (k) - 0.000002
PLGA*PLGA

+0.001181 T80*T80 + 0.000098 PRES (k)*PRES (k) + 0.000019 PLGA*T80

- 0.000041 PLGA*PRES (k) + 0.000406 T80*PRES (k)

Gegis sayist 5 oldugunda;

SDVPDI = -0.0646 + 0.001246 PLGA - 0.01482 T80 + 0.00158 PRES (k) - 0.000002
PLGA*PLGA

+0.001181 T80*T80 + 0.000098 PRES (k)*PRES (k) + 0.000019 PLGA*T80

- 0.000041 PLGA*PRES (k) + 0.000406 T80*PRES (k)
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PLGA nano ila¢ dagitim sistemi i¢in Zeta potansiyelin minumum standart sapmasini

tahmin etmek amaciyla asagidaki {iciincii diizey denklem kullanilmistir.

Gegis sayisi 1 oldugunda;

SDVZETA = -10.19 + 0.0794 PLGA + 0.158 T80 + 0.786 PRES (k) - 0.000092
PLGA*PLGA

+0.0015 T80*T80 - 0.00593 PRES (K)*PRES (K) - 0.00001 PLGA*T80

- 0.00372 PLGA*PRES (k) - 0.0128 T80*PRES (k)

Gegis sayist 3 oldugunda;

SDVZETA = -8.75 + 0.0748 PLGA + 0.261 T80 + 0.683 PRES (k) - 0.000092
PLGA*PLGA

+0.0015 T80*T80 - 0.00593 PRES (k)*PRES (K) - 0.00001 PLGA*T80

- 0.00372 PLGA*PRES (k) - 0.0128 T80*PRES (k)

Gegis sayist 5 oldugunda;

SDVZETA = -11.50 + 0.0844 PLGA + 0.470 T80 + 0.751 PRES (k) - 0.000092
PLGA*PLGA

+0.0015 T80*T80 - 0.00593 PRES (k)*PRES (K) - 0.00001 PLGA*T80

- 0.00372 PLGA*PRES (K) - 0.0128 T80*PRES (k)
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Tablo 4.2 : CCD deneysel matrisi (SD: Standart sapma).

Variable Responses (Standart sapma)
Run  PLGA T80 PFEE)SS Pas | sbz-Ave  SDPd SD Zeta
1 100 1,8 22 1 2,86 0,039 4,86
2 125 3,6 25 5 2,5 0,043 0,99
3 125 3,6 18 1 1,64 0,022 1,87
4 150 55 22 1 1,53 0,043 0,46
5 125 6,8 18 3 1,94 0,035 0,69
6 83 3,6 18 1 1,36 0,032 0,65
7 150 55 13 1 3,31 0,035 1,87
8 100 1,8 13 5 2,15 0,023 1,24
9 125 0,5 18 3 3,66 0,061 0,38
10 100 55 13 1 1,25 0,033 1,4
11 150 55 13 3 2,59 0,053 1,43
12 125 3,6 18 1 0,73 0,021 0,74
13 167 3,6 18 1 1,6 0,043 1,3
14 150 1,8 13 5 1,8 0,032 0,99
15 150 1,8 13 1 3,99 0,072 1,26
16 100 1,8 13 1 5,47 0,039 0,86
17 83 3,6 18 3 1,39 0,022 0,98
18 125 3,6 18 5 1,96 0,031 1,51
19 125 3,6 18 1 2,18 0,039 0,94
20 125 3,6 18 1 2,29 0,045 1,76
21 100 1,8 22 3 7,82 0,062 0,64
22 125 3,6 10 3 2,11 0,044 1,96
23 125 3,6 10 5 1,82 0,018 0,65
24 100 55 22 1 1,55 0,033 2,31
25 150 1,8 22 1 5,43 0,049 1,78
26 125 3,6 18 3 3,84 0,042 0,5
27 125 3,6 18 3 0,93 0,034 0,71
28 167 3,6 18 3 1,72 0,021 0,66
29 83 3,6 18 5 1,96 0,023 0,9
30 125 3,6 18 5 4,16 0,032 1,39
31 125 6,8 18 1 1,6 0,045 1,83
32 100 1,8 13 3 2,87 0,034 2,8
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Tablo 4.2(Devami) : CCD deneysel matrisi (SD: Standart sapma).

Variable Responses (Standart sapma)
Run  PLGA T80 PFEE)SS Pass | sp z-Ave SD PdI SD Zeta
33 100 55 13 5 3,37 0,023 2,11
34 125 3,6 18 3 1,91 0,038 1,16
35 150 55 13 5 2,43 0,037 181
36 150 18 22 3 2,16 0,02 0,7
37 150 1,8 22 5 4,07 0,034 0,75
38 125 3,6 25 3 2,98 0,062 1,69
39 125 3,6 18 3 2,43 0,041 2,41
40 125 3,6 18 5 1,32 0,034 1,16
41 100 55 22 3 3,47 0,057 2,64
42 125 3,6 18 5 2,04 0,024 0,78
43 150 1,8 13 3 3,37 0,036 0,74
44 100 55 13 3 454 0,029 1,14
45 125 3,6 18 1 2,89 0,037 7,13
46 125 3,6 25 1 4,34 0,04 0,62
47 125 0,5 18 1 4,46 0,046 1,06
48 150 55 22 5 5,23 0,045 0,86
49 125 0,5 18 5 2,33 0,033 1,29
50 125 3,6 18 5 2,86 0,021 2,12
51 125 3,6 18 3 3,09 0,027 1,16
52 100 55 22 5 2,96 0,053 3,65
53 125 3,6 18 3 3,74 0,034 1,09
54 125 6,8 18 5 3,59 0,056 3,32
55 167 3,6 18 5 3,31 0,048 3,04
56 100 1,8 22 5 2,22 0,026 2,29
57 125 3,6 10 1 2,01 0,032 0,55
58 125 3,6 18 5 1,6 0,035 1,07
59 150 55 22 3 4,92 0,054 0,36
60 125 3,6 18 1 5,04 0,065 2,21
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4.5.2 Optimizasyon calismalar:

PLGA ilag tasima sistemi, tepki ylizey metodolojisi (response surface methodology)
ile optimize edilmistir. Bir yanitin bir veya daha fazla faktoriin degerleri ile iliskisi
yanit yiizeyidir. Yiizey genellikle deneysel verilere takilan fonksiyonun iki veya ii¢
boyutlu bir ¢izimdir. Tepki yiizey metodolojisi (RSM), deney sistemi hakkinda
bilgilerin c¢ikarildig1r tepki yiizeyleri veren deneysel tasarimlarin kullanimini
tanmimlamak ¢in kullanilir [103]. CCD ¢alismasindan elde edilen sonuglara dayanarak
Minitab 17 yazilimi ile optimum kosullar belirlenmistir. Istenen limitler Z-Ave, Zeta
potansiyel ve PdI i¢cin minumum standart sapmalar olarak belirlenmistir. Optimize

edilmis formiilasyon i¢in degerler Tablo 4.3” deki gibidir.

Tablo 4.3 : Optimize degerler.

PLGA 82,96

T80 6,78
Basing 11
Gegis sayist 1

Optimizasyon modelinin kompozit istenilebilirligi (composite desirability) 0,955

bulundu ve bu da ¢ok iyi bir ¢6ziim oldugunu gosterdi.

PLGA miktari, T80 miktari, basing ve ge¢isin bir fonksiyonu olarak PdI, Z-Ave ve
zeta potential standart sapmalar1 igin 3 boyutlu yiizey (surface plot) ve kontur

(contour plot) grafikleri asagidaki sekillerde sunulmaktadir.
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Surface Plots of SD of Zeta Potentials (ZP)
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Sekil 4.83 : PLGA miktar1, T80 miktar1 ve basincin zeta potansiyel lizerindeki

etkilerini gosteren tepki yuzey grafikleri.

Surface Plots of SD of PDlIs
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Sekil 4.84 : PLGA miktar1, T80 miktar1 ve basincin PdI iizerindeki etkilerini
goOsteren tepki yiizey grafikleri.
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Surface Plots of SD OF Z-Averages (ZA)
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Sekil 4.85 : PLGA miktar1, T80 miktar1 ve basincin Z-Average zerindeki etkilerini

gosteren tepki yuzey grafikleri.
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Contour Plot of SD of Zeta Potentials vs PRES (k), T80
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Sekil 4.86: Zeta potential degerinin parametreler tizerine etkisini gésteren kontur

grafikleri.
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Contour Plot of SD of PDIs vs PRES (k), T80
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Sekil 4.87: PdI degerinin parametreler tizerine etkisini gosteren kontur grafikleri.
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Contour Plot of SD of Z-Averages vs PRES (k), T80
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Sekil 4.88 : Z-Ave degerinin parametreler lizerine etkisini gosteren kontur grafikleri.
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4.5.3 Modelin validasyonu

Model dogrulamanin bir yolu, optimum kosullar i¢in model dogrulugunu
degerlendirmek {izere 1ic kez hazirlanan optimize edilmis formiilasyonu
hazirlamaktir. Optimize edilmis degerler i¢in deneysel yanitlar belirlenir. Daha sonra
gozlemlenen deneysel degerler, tahmin edilen degerlerle yakin bir uyum iginde olup
olmadiklarin1 dogrulamak igin kontrol edilir. Bu sonuglar arasindaki koordinasyon
modelin dnemini ve gecerliligini gosterir. Istenilirlik endeksi (desirability index), bir
optimizasyon sirecinin gegerliligini kontrol etmek igin kullanilabilecek bir diger
faktordar.

Istenirlik endeksi (DI), endstriyel kalite kontroliinde gok kriterli optimizasyon igin
bir yontemdir. Bu yaklasim, ¢oklu tepki siireglerinin optimizasyonu igin endiistride
en yaygin olarak kullanilan yontemlerden biridir. Deney yontemlerinin tasarimi ve
cok degiskenli tek degiskenli bir optimizasyona aktarilmasiyla, es zamanli olarak
optimize edilmis kalite 6l¢timleri ile bir siirece yol agan etki faktorlerinin problemleri
secilir. DI, optimizasyon siireglerini izlemek i¢in saglam bir 6nlemdir [104]. Yanit
(response) optimizasyonu, tek bir yanit1 veya bir dizi yaniti birlikte optimize eden
degisken ayarlarinin kombinasyonunu tanimlamaya yardimeci olur. Bu, birden ¢ok
degiskenin bir yanit iizerindeki etkisini degerlendirmek gerektiginde yararlidir.
Minitab de her bir yanit i¢in tamimlanan gereksinimlere gore en uygun yanitlari
aramak i¢in yanit optimize edici (response optimizer) kullanabilir. Bu tez
calismasinda; Pdl, zeta potansiyel ve Z-ortalama degerlerinin standart sapmalari
olmak tizere ii¢ yanit da minimize edildi. Minitab yazilimi, her bir yanit i¢in ayr1 bir
DI hesaplar ve verilen 6neme gére her birini vurgular. Bu ¢alismada {i¢ yanita da
ayni onem verildi. Bu degerler, ¢coklu yanit sisteminin bilesik veya genel olarak

istenilebilirligi belirlemek icin birlestirilir.

Kompozit istenirlik (composite desirability), maksimuma (1.0) ulastiginda optimal
bir ¢6zliim ortaya ¢ikmaktadir. Bagka bir deyisle, kompozit istenirlik degiskenlerin
bir kombinasyonunun yanitlar i¢in tanimlanan hedefleri ne kadar iyi karsiladigini
degerlendirir. Kompozit istenirlik, ayarlarin genel olarak bir dizi yanit1 nasil optimize

ettigini degerlendirir.
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Her bir tepki icin Y, 1 (x ), bir ¢ekicilik fonksiyonu d i ( E 1) olas1 degerleri O ile 1
arasinda numaralar verir Y iile, di ( Ei) = 0 tamamen istenmeyen bir degeri temsil
eden,Yivedi(Yi)=1,tamamen arzu edilen veya ideal bir tepki degerini temsil
eder. Bireysel istenilenler daha sonra genel istenirlik D'yi veren geometrik ortalama

kullanilarak birlestirilir:

D =(d1(Y1)d2(Y2) ---dk(Yk) )1/ k

Istenirlik (desirability), 0 ile 1 arasindadir. 1; ideal durumu temsil eder. Sifir ise bir

veya daha fazla yanitin kabul edilebilir sinirlar disinda oldugunu gosterir [105].

Bu tez c¢aligmasinda optimizasyon modelinde kompozit istenirlik degeri 0,955
bulundugu i¢in modelin ve optimize edilmis degerlerin hedefe iyi bir sekilde ulastig

sonucuna varilabilir.
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5. SONUC ve ONERILER

Geleneksel bir yontem olan emiilsiyon olusturma-¢dziicii buharlastirma yontemiyle
PLGA nanopartikiilleri minumum 60 ml olacak sekilde pilot Olgekte iiretilmistir.
Boyut ve zeta potansiyel degerleri belirli araliklarla 6l¢tilmiistiir. Geleneksel yontem
ile tretilen nanopartikiillerde 3.glinden itibaren agregat olusumu gdzlenmistir.
Microfluidizer cihazi ile PLGA nanopartikiilleri geleneksel yontemin bir basamagi
olan siringa ile yavagsca damlatma asamasma gerek kalmadan iiretilmistir. Bu
formiilasyonlar da geleneseksel yontem de oldugu gibi minumum 60 ml olarak
hazirlanmistir ve Olgiimleri belirli araliklarla yapilmistir. Microfluidizer ile
hazirlanan nanopartikiillerin, geleneksel yontem ile hazirlananlara gore daha dar
partikil boyut dagilimima sahip olduklar1 ve daha uzun siire stabilite gosterdikleri
gozlenmistir. Nanopartikiiller hazirlanirken organik ¢oziicii olarak aseton, siirfaktan

olarak ise T80 sec¢ilmistir.

Literatiir bilgisi ve 6n deneyler 1518inda CCD tasarimu ile parametreler belirlenmis
olup deneysel matris olusturulmustur. Calisma da tepki ylizey metodolojisi (response
surface methodology) kullanilmistir. Her bir faktor degeri birbirinden farkli olan 60
deney yapilmistir. PLGA miktari, T80 miktari, Microfluidizer cihaz basinci ve
Microfluidizer cihaz gegis sayisi olmak ilizere dort parametre segilmistir. Deney
tasarimi ve istatiksel analiz i¢in Minitab 17 yazilimi kullanilmistir. Tepki, her biri
kategorik degiskenin ii¢ seviyesinden birini temsil eden {i¢ kuadratik polinom
denklemi ile degerlendirilmistir. PLGA nano ilag tasima sistemi ortalama partikiil
biiyiikliigii (Y1), zeta potansiyeli (Y2) ve PDI (Y3) agisindan optimize edilmistir.
Cevaplar dogrultusunda optimize PLGA miktari, T80 miktari, basing seviyesi ve

gecis seviyeleri belirlenmistir.

Calismanin amaci en stabil partikiile ulasmak oldugu i¢in sik araliklarla 60 gun
boyunca olgiimler yapildi. Giinler arasindaki farkin minumum olmasi bir stabilite
gostergesiydi ve Ol¢limlerin arasindaki farki en iyi standart sapma gosterecegi icin

degerlerin standart sapmalar1 alindi.
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Optimizasyon modelini dogrulamak i¢in istenirlik endeksi adi verilen, endiistride
olduke¢a popiiler olan bir yontem kullanilmistir. Y1, Y2 ve Y3 degerlerinin standart
sapmalar1 olmak {iizere {i¢c yanit minimize edildi ve Minitab ile {i¢ yanita da aym
derecede onem verilerek DI hesaplandi. Kompozit istenirlik 0 ile 1 arasindadir ve 1
rakamina yaklasmak ideale ulagsmak anlamina gelmektedir. Bu tez c¢aligmasinda
kompozit istenirlik degeri 0,955 bulunmustur bu sayede modelin ve optimize edilmis

degerlerin hedefe iyi bir sekilde ulastig1 sdylenebilir.

Bu tez caligmasinda mevcut yoOntemlerin endiistriyel Ol¢ege aktarilmasinda
karsilagilan sorunlardan biri olan damlatma basamagi Microfluidizer araciligi ile
¢Oziilmiis olup bir diger sorun olan ¢oziicii buharlagtirma basamagi i¢in endiistride
kullanilan exproof kazanlar1 6nerilmektedir. Bu sayede QbD yaklagimu ile elde edilen
endiistriyel iiretime hazir hale getirilen optimize formiilasyonun endiistride mevcut

exproof  kazan ile rahatlikla  organik  ¢Oziiciisi  uzaklastirilabilir.

138



KAYNAKLAR

[1] Swarbrick, J. (2013). Encyclopedia of pharmaceutical technology. CRC Press.

[2] Muchow, M., Maincent, P. ve Miller, R. H. (2008). Lipid nanoparticles with a
solid matrix (SLN®, NLC®, LDC®) for oral drug delivery. Drug
development and industrial pharmacy, 34(12), 1394-1405.

[3] Naseri, N., Valizadeh, H. ve Zakeri-Milani, P. (2015). Solid lipid nanoparticles
and nanostructured lipid carriers: structure, preparation and application.
Advanced pharmaceutical bulletin, 5(3), 305.

[4] Celik, B., Sagiroglu, A. A. ve Ozdemir, S. (2017). Design, optimization and
characterization of coenzyme Q10-and D-panthenyl triacetate-loaded
liposomes. International journal of nanomedicine, 12, 4869.

[5] Rathore, A. S. ve Winkle, H. J. N. b. (2009). Quality by design for
biopharmaceuticals. 27(1), 26.

[6] Yerlikaya, F., Ozgen, A., Vural, 1., Guven, O., Karaagaoglu, E., Khan, M. A,,
ve ark. (2013). Development and evaluation of paclitaxel nanoparticles
using a quality-by-design approach. Journal of pharmaceutical sciences,
102(10), 3748-3761.

[7] Box, G. E., Hunter, J. S. ve Hunter, W. G. (2005). Statistics for experimenters.
Wiley Series in Probability and Statistics: Wiley Hoboken, NJ, USA.

[8] Mason, R. L., Gunst, R. F. ve Hess, J. L. (2003). Statistical design and analysis
of experiments: with applications to engineering and science. John Wiley
& Sons.

[9] Demir, O., Aksu, B. ve Ozsoy, Y. (2017). ilag Formiilasyonu Gelistirilmesinde
Deney Tasarimi (DoE) Sec¢imi ve Kullanimi. Marmara Pharmaceutical
Journal, 21(2), 216-227.

[10] Feynman, R. P. (1960). There's plenty of room at the bottom. California
Institute of Technology, Engineering and Science magazine.

[11] Ferrari, M. (2005). Cancer nanotechnology: opportunities and challenges.
Nature reviews cancer, 5(3), 161-171.

[12] Safari, J. ve Zarnegar, Z. (2014). Advanced drug delivery systems:
Nanotechnology of health design A review. Journal of Saudi Chemical
Society, 18(2), 85-99.

[13] Sivasankar, M. ve Kumar, B. P. (2010). Role of nanoparticles in drug delivery
system. International Journal of Research in Pharmaceutical and
Biomedical Sciences, 1(2), 41-66.

[14] Greco, F. ve Vicent, M. J. (2009). Combination therapy: opportunities and
challenges for polymer—drug conjugates as anticancer nanomedicines.
Advanced drug delivery reviews, 61(13), 1203-1213.

[15] Parhi, P., Mohanty, C. ve Sahoo, S. K. (2012). Nanotechnology-based
combinational drug delivery: an emerging approach for cancer therapy.
Drug discovery today, 17(17-18), 1044-1052.

[16] Britannica, E. (2009). Leaf-nosed bat. Encyclopadia Britannica Online.

139



[17] Manish, G. ve Vimukta, S. (2011). Targeted drug delivery system: a review.
Res J Chem Sci, 1(2), 135-138.

[18] Wang, G. 2005. Liposomes as drug delivery vehicles. Wiley Online Library; s.
411-434.

[19] Gabizon, A., Goren, D., Cohen, R. ve Barenholz, Y. (1998). Development of
liposomal anthracyclines: from basics to clinical applications. Journal of
controlled release, 53(1-3), 275-279.

[20] Lasic, D., Vallner, J. ve Working, P. (1999). Sterically stabilized liposomes in
cancer therapy and gene delivery. Current opinion in molecular
therapeutics, 1(2), 177-185.

[21] Tomalia, D. A., Baker, H., Dewald, J., Hall, M., Kallos, G., Martin, S., ve
ark. (1985). A new class of polymers: starburst-dendritic
macromolecules. Polymer Journal, 17(1), 117.

[22] BULUT, M. ve Ezgi, A. (2012). Dendrimerlerin 6nemi ve kullanim alanlari.
Teknik Bilimler Dergisi, 2(1), 5-11.

[23] Arseneault, M., Wafer, C. ve Morin, J.-F. (2015). Recent advances in click
chemistry applied to dendrimer synthesis. Molecules, 20(5), 9263-9294.

[24] KlajnertY2, B. ve Bryszewska, M. Dendrimers: properties and applications.

[25] Esfand, R. ve Tomalia, D. A. (2001). Poly (amidoamine)(PAMAM)
dendrimers: from biomimicry to drug delivery and biomedical
applications. Drug discovery today, 6(8), 427-436.

[26] Kumar, A., Mansour, H. M., Friedman, A. ve Blough, E. R. (2013).
Nanomedicine in drug delivery. CRC Press.

[27] Hadidi, N., Kobarfard, F., Nafissi-Varcheh, N. ve Aboofazeli, R. (2013).
PEGylated single-walled carbon nanotubes as nanocarriers for
cyclosporin a delivery. Aaps Pharmscitech, 14(2), 593-600.

[28] Muralidharan, P., Mallory, E., Malapit, M., Hayes, D. ve Mansour, H. M.
(2014). Inhalable PEGylated phospholipid nanocarriers and PEGylated
therapeutics for respiratory delivery as aerosolized colloidal dispersions
and dry powder inhalers. Pharmaceutics, 6(2), 333-353.

[29] Mansoor, S., Kondiah, P. P. D., Choonara, Y. E. ve Pillay, V. (2019).
Polymer-Based Nanoparticle Strategies for Insulin Delivery. Polymers,
11(9).

[30] Torchilin, V. P. (2001). Structure and design of polymeric surfactant-based
drug delivery systems. Journal of controlled release, 73(2-3), 137-172.

[31] Lee, H. i.,, Wu, W., Oh, J. K., Mueller, L., Sherwood, G., Peteanu, L., ve
ark. (2007). Light-induced reversible formation of polymeric micelles.
Angewandte Chemie International Edition, 46(14), 2453-2457.

[32] Sezgin, Z., Ylksel, N. ve Baykara, T. (2006). Preparation and characterization
of polymeric micelles for solubilization of poorly soluble anticancer
drugs. European journal of pharmaceutics and biopharmaceutics, 64(3),
261-268.

[33] Greish, K. (2007). Enhanced permeability and retention of macromolecular
drugs in solid tumors: a royal gate for targeted anticancer nanomedicines.
Journal of drug targeting, 15(7-8), 457-464.

[34] Jain, R. K. (2003). Molecular regulation of vessel maturation. Nature medicine,
9(6), 685.

[35] Hashizume, H., Baluk, P., Morikawa, S., McLean, J. W., Thurston, G.,
Roberge, S., ve ark. (2000). Openings between defective endothelial

140



cells explain tumor vessel leakiness. The American journal of pathology,
156(4), 1363-1380.

[36] Wu, J., Akaike, T. ve Maeda, H. (1998). Modulation of enhanced vascular
permeability in tumors by a bradykinin antagonist, a cyclooxygenase
inhibitor, and a nitric oxide scavenger. Cancer research, 58(1), 159-165.

[37] Matsumura, Y. ve Maeda, H. (1986). A new concept for macromolecular
therapeutics in cancer chemotherapy: mechanism of tumoritropic
accumulation of proteins and the antitumor agent smancs. Cancer
research, 46(12 Part 1), 6387-6392.

[38] Maeda, H. (2001). The enhanced permeability and retention (EPR) effect in
tumor vasculature: the key role of tumor-selective macromolecular drug
targeting. Advances in enzyme regulation.

[39] Maeda, H. (2001). SMANCS and polymer-conjugated macromolecular drugs:
advantages in cancer chemotherapy. Advanced drug delivery reviews,
46(1-3), 169-185.

[40] Maeda, H., Wu, J., Sawa, T., Matsumura, Y. ve Hori, K. (2000). Tumor
vascular permeability and the EPR effect in macromolecular therapeutics:
a review. Journal of controlled release, 65(1-2), 271-284.

[41] Acharya, S. ve Sahoo, S. K. (2011). PLGA nanoparticles containing various
anticancer agents and tumour delivery by EPR effect. Advanced drug
delivery reviews, 63(3), 170-183.

[42] Misra, R., Acharya, S. ve Sahoo, S. K. (2010). Cancer nanotechnology:
application of nanotechnology in cancer therapy. Drug discovery today,
15(19-20), 842-850.

[43] van der Meel, R. (2013) Targeted inhibition of tumor growth and angiogenesis:
University Utrecht.

[44] SAYINER, O. ve COMOGLU, T. NANOTASIYICI SISTEMLERDE
HEDEFLENDIRME TARGETING WITH NANOCARRIER
SYSTEMS. Ankara Universitesi Eczacilik Fakiiltesi Dergisi, 40(3), 62-
79.

[45] Danhier, F., Le Breton, A. ve Preat, V. r. (2012). RGD-based strategies to
target alpha (v) beta (3) integrin in cancer therapy and diagnosis.
Molecular pharmaceutics, 9(11), 2961-2973.

[46] Martinez-Carmona, M., Colilla, M. ve Vallet-Regi, M. (2015). Smart
mesoporous nanomaterials for antitumor therapy. Nanomaterials, 5(4),
1906-1937.

[47] Bertrand, N. ve Leroux, J.-C. (2012). The journey of a drug-carrier in the
body: an anatomo-physiological perspective. Journal of controlled
release, 161(2), 152-163.

[48] Monopoli, M. P., Aberg, C., Salvati, A. ve Dawson, K. A. (2012).
Biomolecular coronas provide the biological identity of nanosized
materials. Nature nanotechnology, 7(12), 779.

[49] Saha, R. N., Vasanthakumar, S., Bende, G. ve Snehalatha, M. (2010).
Nanoparticulate drug delivery systems for cancer chemotherapy.
Molecular membrane biology, 27(7), 215-231.

[50] Danhier, F., Feron, O. ve Préat, V. (2010). To exploit the tumor
microenvironment: passive and active tumor targeting of nanocarriers for
anti-cancer drug delivery. Journal of controlled release, 148(2), 135-146.

[51] Kuo, Y.-C. ve Chen, H.-H. (2006). Effect of nanoparticulate
polybutylcyanoacrylate and methylmethacrylate—sulfopropylmethacrylate

141



on the permeability of zidovudine and lamivudine across the in vitro
blood-brain barrier. International journal of pharmaceutics, 327(1-2),
160-169.

[52] Fung, L. K. ve Saltzman, W. M. (1997). Polymeric implants for cancer
chemotherapy. Advanced drug delivery reviews, 26(2-3), 209-230.

[63] TUYLEK, Z. ILAC TASIYICI SISTEMLER VE NANOTEKNOLOIJIK
ETKILESIM Drug Delivery Systems and Nanotechnological Interaction.
Bozok Tip Dergisi, 7(3), 89-98.

[54] Shive, M. ve Anderson, J. (1997). Biodegradation and biocompatibility of PLA
and PLGA microspheres. Ad V. Drug Deli, 5-24.

[55] Kumari, A., Yadav, S. K. ve Yadav, S. C. (2010). Biodegradable polymeric
nanoparticles based drug delivery systems. Colloids and surfaces B:
biointerfaces, 75(1), 1-18.

[56] Bouissou, C., Rouse, J., Price, R. ve Van der Walle, C. (2006). The influence
of surfactant on PLGA microsphere glass transition and water sorption:
remodeling the surface morphology to attenuate the burst release.
Pharmaceutical research, 23(6), 1295-1305.

[57] Allison, S. D. (2008). Effect of structural relaxation on the preparation and drug
release behavior of poly (lactic-co-glycolic) acid microparticle drug
delivery systems. Journal of pharmaceutical sciences, 97(6), 2022-2035.

[58] Mohamed, F. ve van der Walle, C. F. (2008). Engineering biodegradable
polyester particles with specific drug targeting and drug release
properties. Journal of pharmaceutical sciences, 97(1), 71-87.

[59] Makadia, H. K. ve Siegel, S. J. (2011). Poly lactic-co-glycolic acid (PLGA) as
biodegradable controlled drug delivery carrier. Polymers, 3(3), 1377-
1397.

[60] Kutlu, C. (2011) Beyin Tiimérlerinin Tedavisi I¢in Cift Etkili Doku Iskelesi-
Nanopartikiil Sistemlerinin Gelistirilmesi: YUksek Lisans Tezi, Hacettepe
Universitesi Fen Bilimleri Enstitiisti, Ankara.

[61] Uhrich, K. E., Cannizzaro, S. M., Langer, R. S. ve Shakesheff, K. M. (1999).
Polymeric systems for controlled drug release. Chemical reviews, 99(11),
3181-3198.

[62] Wu, X. S. ve Wang, N. (2001). Synthesis, characterization, biodegradation, and
drug delivery application of biodegradable lactic/glycolic acid polymers.
Part Il: biodegradation. Journal of Biomaterials Science, Polymer
Edition, 12(1), 21-34.

[63] Danhier, F., Ansorena, E., Silva, J. M., Coco, R., Le Breton, A. ve Préat, V.
(2012). PLGA-based nanoparticles: an overview of biomedical
applications. Journal of controlled release, 161(2), 505-522.

[64] Guideline, I. H. T. Pharmaceutical development.

[65] Box, G. E., Hunter, W. G. ve Hunter, J. S. (1978). Statistics for
experimenters.

[66] Das, A. K. ve Dewanjee, S. (2018). Optimization of extraction using
mathematical models and computation. Computational phytochemistry
ss. 75-106): Elsevier.

[67] Wu, B. (2013). Reliability analysis of dynamic systems: efficient probabilistic
methods and aerospace applications. Academic Press.

[68] Breyfogle 111, F. W. (1992). Statistical methods for testing, development, and
manufacturing. John Wiley & Sons.

142



[69] Box, G. E. ve Behnken, D. W. (1960). Some new three level designs for the
study of quantitative variables. Technometrics, 2(4), 455-475.

[70] Lewis, G. A., Mathieu, D. ve Phan-Tan-Luu, R. (1998). Pharmaceutical
experimental design. CRC press.

[71] Eriksson, L. (2008). Design of experiments: principles and applications. MKS
Umetrics AB.

[72] Manohar, M., Joseph, J., Selvaraj, T. ve Sivakumar, D. (2013). Application
of Box Behnken design to optimize the parameters for turning Inconel
718 using coated carbide tools. International Journal of Scientific &
Engineering Research, 4(4), 620-644.

[73] Plackett, R. L. ve Burman, J. P. (1946). The design of optimum multifactorial
experiments. Biometrika, 33(4), 305-325.

[74] Vanaja, K. ve Shobha Rani, R. (2007). Design of experiments: concept and
applications of Plackett Burman design. Clinical research and regulatory
affairs, 24(1), 1-23.

[75] Yerlikaya, F. (2013). Paklitaksel Nanopartikiillerinin Kalite Tasarimi Ile
Gelistirilmesi ve Degerlendirilmesi.

[76] TAMIS, D. A., UNVER, S. D., ERKAL, E. B., ATIK, A. E., BAYCIN, D. ve
ALPAN, R. S. BIYOTEKNOLOJIK ILACLARDA PROSES
GELISTIRME VE URETIM.

[77] Shegokar, R., Singh, K. ve Mduller, R. (2011). Production & stability of
stavudine solid lipid nanoparticles—From lab to industrial scale.
International journal of pharmaceutics, 416(2), 461-470.

[78] Galindo-Rodriguez, S. A., Puel, F., Briancgon, S., Allémann, E., Doelker, E.
ve Fessi, H. (2005). Comparative scale-up of three methods for
producing ibuprofen-loaded nanoparticles. European journal of
pharmaceutical sciences, 25(4-5), 357-367.

[79] Colombo, A., Briancon, S., Lieto, J. ve Fessi, H. (2001). Project, design, and
use of a pilot plant for nanocapsule production. Drug development and
industrial pharmacy, 27(10), 1063-1072.

[80] Schultz, S., Wagner, G., Urban, K. ve Ulrich, J. (2004). High-pressure
homogenization as a process for emulsion formation. Chemical
Engineering & Technology: Industrial Chemistry-Plant Equipment-
Process Engineering-Biotechnology, 27(4), 361-368.

[81] Reineccius, G. 1994. Flavour manufacturing. Chapman and Hall: New York; s.
572-576.

[82] Jafari, S. M., He, Y. ve Bhandari, B. (2006). Nano-emulsion production by
sonication and microfluidization-a comparison. International Journal of
Food Properties, 9(3), 475.

[83] Maa, Y.-F. ve Hsu, C. C. (1999). Performance of sonication and
microfluidization for liquid-liquid emulsification. Pharmaceutical
development and technology, 4(2), 233-240.

[84] Guerra-Rosas, M. I., Morales-Castro, J., Ochoa-Martinez, L. A., Salvia-
Trujillo, L. ve Martin-Belloso, O. (2016). Long-term stability of food-
grade nanoemulsions from high methoxyl pectin containing essential oils.
Food Hydrocolloids, 52, 438-446.

[85] Uluata, S., Decker, E. A. ve McClements, D. J. (2016). Optimization of
nanoemulsion fabrication using microfluidization: role of surfactant
concentration on formation and stability. Food biophysics, 11(1), 52-59.

143



[86] Ganesan, P., Karthivashan, G., Park, S. Y., Kim, J. ve Choi, D.-K. (2018).
Microfluidization trends in the development of nanodelivery systems and
applications in chronic disease treatments. International journal of
nanomedicine, 13, 6109.

[87] Liu, X., Liu, Y.-Y. Guo, J. Yin, S.-W. ve Yang, X.-Q. (2017).
Microfluidization initiated cross-linking of gliadin particles for structured
algal oil emulsions. Food Hydrocolloids, 73, 153-161.

[88] Komaiko, J., Sastrosubroto, A. ve McClements, D. J. (2016). Encapsulation
of ®»-3 fatty acids in nanoemulsion-based delivery systems fabricated
from natural emulsifiers: Sunflower phospholipids. Food chemistry, 203,
331-330.

[89] Luo, X., Zhou, Y., Bai, L., Liu, F., Deng, Y. ve McClements, D. J. (2017).
Fabrication of [-carotene nanoemulsion-based delivery systems using
dual-channel microfluidization: Physical and chemical stability. Journal
of colloid and interface science, 490, 328-335.

[90] Microfluidics.  Particle  Size  Reduction  Solutions.  (2016).
http://www.microfluidicscorp.com/applications/particle-size-reduction/

[91] Karakucuk, A., Celebi, N. ve Teksin, Z. S. (2016). Preparation of ritonavir
nanosuspensions by microfluidization using polymeric stabilizers: 1. A
Design of Experiment approach. European Journal of Pharmaceutical
Sciences, 95, 111-121.

[92] Seok, S. H., Kang, S.-Y., Seo, J.-W., Kim, S.-H., Hwang, K.-M. ve Park, E.-
S. (2016). Formulation of nanoparticle containing everolimus using
microfluidization and freeze-drying. Chemical and Pharmaceutical
Bulletin, 64(10), 1445-1449.

[93] Qian, C. ve McClements, D. J. (2011). Formation of nanoemulsions stabilized
by model food-grade emulsifiers using high-pressure homogenization:
factors affecting particle size. Food hydrocolloids, 25(5), 1000-1008.

[94] Wooster, T. J., Golding, M. ve Sanguansri, P. (2008). Impact of oil type on
nanoemulsion formation and Ostwald ripening stability. Langmuir,
24(22), 12758-12765.

[95] Salvia-Trujillo, L., Rojas-Grai, M. A., Soliva-Fortuny, R. ve Martin-
Belloso, O. (2013). Effect of processing parameters on physicochemical
characteristics of microfluidized lemongrass essential oil-alginate
nanoemulsions. Food Hydrocolloids, 30(1), 401-407.

[96] Mao, L., Yang, J., Xu, D., Yuan, F. ve Gao, Y. (2010). Effects of
homogenization models and emulsifiers on the physicochemical
properties of B-carotene nanoemulsions. Journal of Dispersion Science
and Technology, 31(7), 986-993.

[97] Microfluidics. Advantages of the Microfluidizer® Technology vs.
conventional homogenizers include. https://www.microfluidics-
mpt.com/microfluidics-technology/how-it-works

[98] Gopinath, S. C., Lakshmipriya, T., Arshad, M. M., Uda, M. ve Al-Douri, Y.
(2019). Nanoelectronics in biosensing applications. Nanobiosensors for
Biomolecular Targeting ss. 211-224): Elsevier.

[99] Bragheri, F., Vazquez, R. M. ve Osellame, R. (2020). Microfluidics. Three-
Dimensional Microfabrication Using Two-Photon Polymerization ss.
493-526): Elsevier.

[100] Hallett, F. R. (1994). Particle size analysis by dynamic light scattering. Food
research international, 27(2), 195-198.

144


http://www.microfluidicscorp.com/applications/particle-size-reduction/
https://www.microfluidics-mpt.com/microfluidics-technology/how-it-works
https://www.microfluidics-mpt.com/microfluidics-technology/how-it-works

[101] Kaszuba, M., Corbett, J., Watson, F. M. ve Jones, A. (2010). High-
concentration zeta potential measurements using light-scattering
techniques. Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences, 368(1927), 4439-
4451.

[102] Microfluidics. Microfluidics Application Note: Polymer Nanoparticles.

[103] Skartland, L. K., Mjgs, S. A. ve Grung, B. (2011). Experimental designs for
modeling retention patterns and separation efficiency in analysis of fatty
acid methyl esters by gas chromatography—mass spectrometry. Journal of
Chromatography A, 1218(38), 6823-6831.

[104] Trautmann, H. The desirability index as an instrument for multivariate
process control. Technical Report; 2004.

[105] Derringer, G. ve Suich, R. (1980). Simultaneous optimization of several
response variables. Journal of quality technology, 12(4), 214-219.

145



EKLER

EK A: Geleneksel yontemle hazirlanan formiilasyonlarin 1-3-5-7-15 ve 60. Gln
boyut ve zeta sonuglari.

EK B: Microfluidizer sonrasi 1-7-15-30 ve 60. Giin boyut sonuglar1 ile 15-21-30 ve
60. Giin zeta sonuglari.
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EKA

Tablo A.1 : Geleneksel yontemle hazirlanan formiilasyonlarin 1-3-5-7-15 ve 60.
Glin boyut ve zeta sonuclari.

INT(1) INT(3) INT() INT(7) INT(15)

P83LOW 1229 1263 1233 134 129

PS3HIGH 1425 1409 1396 1428 1422
P100LOW 1537 153 1505 1494 1449
PIOOHIGH 1342 1339 1359 1366 1384
P125LOW 147 1375 139 1412 1599
P125HIGH 1818 1784 1719 1747 1638
P150LOW  156,2 1551 1632 1649 1556
PISOHIGH 1297 1368 1408 147,6 1466
P167LOW 1551 1616 1494 1522  159,3
P167HIGH 1537 160 156,8 1633 1636

NUM(1) NUM(@3) NUM() NUM(7) NUM(15)

PS3LOW 82,03 89,92 89,18 8287 948
P83HIGH 109,7 1028 9246 1041  102,2
P10OLOW 92,29 9863 111 108,2 1205
P1OOHIGH 87,11 9381 87,63 9232 89,2
P125LOW 87,27 1065 1104 8791 1039
P125HIGH 112 1293 1306 1191  129,1
P1SOLOW 1085 1238 1094 97,37  119,6
PISOHIGH 86,76 92,01 981 8993 97,63
P167LOW 1122 1098 1188 1069 112

P167HIGH 108 1143 1029 8976  100,3

VOL(1) VOL(3) VOL(5) VOL(7) VOL(15)
P83LOW 1051  111,6 1091 1132 1163
P83HIGH 1332 129 1225 131 1298
P100LOW 1346 136,77 140,3 138,1 1389
PIOOHIGH 1156 1192 1176 1203 1202
P125LOW 1262 127,8 1306 1214 1455
P125HIGH 169 1715 1658 1649 158
PI50LOW 1442 148,77 150,6 146,6  147,7
PISOHIGH 112,3 1221 1269 1284 1313
P167LOW 1446 1491 1421  139,7 1482
PI67THIGH 1415 1498 1423 1411 1469
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Z- Z- Z- Z- Z-

Ave(l) Ave(3) Ave(5) Ave(7) Ave(15)
P83LOW 1148 116,2 1155 1191 1193
P83HIGH 1341 1312 1288 1332 1315
P10OLOW  136,7 138,2 1394 137,7 138
P100OHIGH 131,7 128 122,2 125 124.6
P125LOW 130,7 1293 1336 1288 1421
P125HIGH 158,7 161,41 158,8 156,7 155,1
P150LOW 143,8 147 148,1 1458 1419
P150HIGH 127,3 1256 129,7 128 132
P167LOW 1412 146,2 142 143,3 1432
P167HIGH 140,7 146,8 1413 1423 1498

PDI(1) PDI(3) PDI(5) PDI(7) PDI(15)
P83LOW 0,51 0,098 0,141 0,107 0,087
P83HIGH 0,044 0,056 0,241 0,044 0,058
P100LOW 0,1 0,113 0,058 0,066 0,045
P100HIGH 0,218 0,179 0,102 0,095 0,1
P125L.OW 0,096 0,06 0,068 0,135 0,101
P125HIGH 0,114 0,122 0,061 0,104 0,171
P150LOW 0,059 0,019 0,075 0,095 0,14
P150HIGH 0,213 0,081 0,064 0,122 0,083
P167LOW 0,158 0,114 0,012 0,169 0,083
P167HIGH 0,108 0,076 0,094 0,156 0,189

ZETA(1) ZETA(3) ZETA(5) ZETA(7) ZETA(15)
P83LOW  -15,2 -9,85 -10,1 -8,59 -10,8
P83HIGH -6,74 -6,98 -11,9 -8,5 -5,5
P100LOW -15 -6,92 -7,97 -6,4 -5,22
P100HIGH -7,14 -9,01 -6,63 -7,21 -6,83
P125LOW -8,04 -7,48 -9,61 -6,96 -7,43
P125HIGH -10,2 -11,9 -7,44 -8,17 -10,5
P150LOW -6,39 -9,3 -8,79 -6,49 -8,48
P150HIGH -4,2 -4,01 -4,02 -4,19 -4,79
P167LOW -7,61 -8,79 -8,7 -7,97 -8,9
P167HIGH -4,97 -6,72 -8,17 -5,7 -6,64
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EKB
Tablo B.1 : Microfluidizer sonrast 1-7-15-30 ve 60. Giin boyut sonuglar ile 15-21-
30 ve 60. Giin zeta sonuglari.

RunOrder Int(1) Int(7) Int(15) Int(30) Int(60)
1 116,2 117,7 121,4 116,8 117,3

2 1351 1285 1269 128,3 127,4
3 130,7 1316  130,7 131,3 128,8
4 132,8 1298 1314 128 128,6
5 138 130,6  126,9 145,8 134,7
6 1236 121 124,6 120,6 133,1
7 1431 1393  133,7 139,9 135,1
8 146,5 146,1 144 145,6 139,7
9 1478 141 142,8 143,8 140,1
10 133,7 1288 1279 133,5 131,9
11 138,8 1384 1417 135,9 141,7
12 1356  149,1 1389 137,3 138,2
13 152,6 1518 1389 141,4 1422
14 1473 1425 1417 138,7 146

15 151 140,3 1444 140,9 141,4
16 1336 1355 1331 150,4 138,7
17 1255 1279 1225 132,5 128,6
18 136,1 1356 133 133 132,5
19 136,6  133,5 133,7 133,6 136,9
20 139,6  140,3 1409 134,5 132,1
21 196 195,3  198,5 190,3 169,6
22 1345 1318 1304 125,5 135,7
23 1332 132,2 1276 127,3 133,2
24 1326 1351 1294 132,7 1249
25 136,1 1384 132 151,2 144.9
26 130,9 140,5 13438 155,2 148

27 133,8 1394 1286 140,1 140,1
28 143,1 1478 139,2 143,1 1423
29 139 136,6 136 130,8 125,8
30 130,9 131,2 1427 144,6 137,1
31 131,8 1244 1344 129,7 129,2
32 128,7 1348 122,7 137,3 131

33 1343 1346 1333 133,9 131,4
34 133,8 140 129,9 131 133,1
35 140,6 139 135,2 140 146,5
36 1458 1415 137,2 141,6 1425
37 1415 142,77 1477 148,8 134,4
38 136,6  133,8 139,2 134,6 137,2
39 140,2 1344 130 136,6 134,9
40 131,8 131 128,5 139,5 130,5
41 1233 1229 1199 124,8 124

42 1396 1279 136 133,9 130,3
43 1447 1474 1409 137,4 134,4
44 125 1352 123,6 133,5 129,4
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RunOrder Int(1) Int(7) Int(15) Int(30) Int(60)

45 140,8 137,2 146 141,3 134,2
46 143,4 138,33 1356 148,1 132

47 138,7 1334 136,1 141,8 138

48 157,1 1435 1351 157,5 148,7
49 139,6 1373 137 137,3 143

50 1451 1399 1445 145,8 140,9
o1 136,7 138,1 1415 1341 1341
52 124 129,9  126,2 134,1 1171
53 1416 1433 1434 136 134,2
54 1456  143,1 1394 140,1 135,6
55 150,2  145,1 1496 146,2 157,3
56 139,6  136,8 136,1 1341 132

57 1328 1319 136,6 136,6 139,4
58 136,9 1429 139,2 136,9 137,3
59 143,8  148,4 1405 151,6 133,5
60 139,7 1442 1394 146,5 148,5

RunOrder Num(1) Num(7) Num(15) Num(30) Num(60)

1 7369 73,86 8241 88,76 109,4
2 88,16 86,51 91,11 99,35 91,24
3 9488 82,72 94,11 97,85 99,97
4 97,43 94,33 100,8 92 106,1
5 81,04 92,79 1029 89,99 85,44
6 82,47 87,719 8547 92,8 73,65
7 107,8 85,65 108 95,8 103,6
8 110,4 90,29 106 99,87 101,4
9 87,91 9166 90 95,9 99,52
10 92,38 89,76 98,79 84,13 88,45
11 96,37 91,18 84,62 108 90,7

12 111,80 85,5 103,5 104,7 105,3
13 85,74 9522 1139 106,7 106,2
14 98,4 96,82 108,9 97,68 94,61
15 1038 111 112,3 115,2 111,8
16 97,2 105,8 104 102,5 85,58
17 96,99 90,41 89,52 83,77 93,47
18 97,76 77,66 92,74 91,38 97,9

19 104 102,2  103,8 95,25 85,26
20 103,2 8596  103,2 97,89 105,1
21 1553 152,7 1441 127,7 130,6
22 96,56 96,16 91,02 102,1 95,27
23 100,5 87,34  100,7 99,78 96,4

24 91,74 88,02 90,08 84,72 92,11
25 107,5 88,85 98,3 96,54 87,42
26 108,2 88,5 110,5 94,17 90,95
27 100,3 91,49 91,07 89,95 86,08
28 109,1 109,5 1114 113,3 108,5
29 83,05 86,88 89,6 90,35 90,2

30 102,2 97,34 96,69 96,94 85,48
31 91,05 89,64 8527 102,8 95,4
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RunOrder Num(1) Num(7) Num(15) Num(30) Num(60)

32 98,66 86,/5 97,92 87,41 91,8

33 100,1 91,76 1011 108 89,01
34 99,95 8223 1004 92,46 92,5

35 97,73 106,5 1049 107,8 87,88
36 1121 107,3 112,2 108 100,6
37 118,9 1104 94,22 89,6 104,3
38 107,4 93,12 104,7 106,9 74,78
39 90,17 1036 1019 103 96,76
40 102,3 98,12 89,73 76,6 90,84
41 100,5 84,86 85,56 79,16 80,91
42 82,25 96,4 88,13 101,5 98,27
43 98,93 1058 1055 103,5 104,3
44 98,6 84,04 83,25 82,34 76,17
45 102,8 100,9 85,81 82,16 94,86
46 1049 1059 87,5 99,6 96,79
47 100,9 104,4 94,38 114,3 95,27
48 95,08 91,53 1145 103,8 83,65
49 1156 112,1 97,99 110,9 96,19
50 107,86 103 104,7 103,1 96,32
51 1042 91,57 100,3 100,8 92,42
52 91,18 86 94,5 85,96 97,68
53 109,3 94,15 97,22 107,8 93,21
54 112 99,59 107,6 106,1 94,55
55 109,7 108,9  106,7 117,3 120,5
56 104,2 92,63 9514 100,5 98,29
57 109,6 104 96,85 99,9 107,7
58 1051 90,34 98,3 103,8 97,59
59 1042 9124 116,8 106,6 95,26
60 110,3 91,95 106,3 118,5 95,86

RunOrder Vol(1) Vol(7) Vol(15) Vol(30) Vol(60)

1 96,07 96,88 1046 1048 99,74
2 117 1114 112,7 117,7 113,2
3 1176 1116 1171 1192 1183
4 120,2 116,6 1205 114 120,9
5 1153 116,4 1183 1269 115

6 105,8 106,9 108,3 1095 107,2
7 132,8 119,2 1255 1249 1246
8 136,6 1269 132,7 1316 1273
9 126,8 1234 124,2 1279 127

10 118,2 1134 1172 1136 1149
11 1242 1214 1198 127,2 1237
12 128,4 126,4 1276 1268 127,8
13 129 1338 131,7 1309 1314
14 1319 1275 1321 1249 128,7
15 137,7 131,8 135,7 1338 1331
16 120,7 126 1233 1366 118,8
17 114,7 1129 1088 112,7 1153
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RunOrder Vol(1) Vol(7) Vol(15) Vol(30) Vol(60)

18 122,8 1116 1179 1171 1203
19 125,99 1229 123,7 119,7 1171
20 128 119,7 129 121,8 1231
21 1942 193,1 195 183 163,7
22 121 119 1151 117 121,3
23 1219 115 1178 1172 120,2
24 117,10 117,1 113,7 1136 112
25 127,2 120,2 120 134,1 123,15
26 1235 1213 1273 137 128,8
27 122,2 122,2 1138 1216 1201
28 1334 137,4 1311 135 132,5
29 117,3 118 1184 115 111,4
30 120,8 119,1 1276 1292 1111
31 116 110,1 1151 120,2 116,7
32 117,7 116,1 1131 1183 116,1
33 122,6 1188 122,2 1257 1148
34 122,1 1169 1194 1163 1179
35 1241 129 1253 1304 126,2
36 136,8 131,3 1298 131,7 1293
37 135,6 133,5 129,8 129,1 1244
38 127,5 1188 1283 125,/ 110,2
39 122,2 1242 120 1255 1216
40 121,5 119,3 1129 1131 1153
41 114,7 107,1 1051 1041 1053
42 117 116,2 118 116,3 118,8
43 130,2 135,2 130 126,3 1253
44 115 115,2 106,2 1126 106,1
45 128,7 1253 1246 1178 1201
46 131,6 128,2 1169 1334 1193
47 126,2 123,7 121,1 1343 12372
48 138,5 125,2 1289 1432 1255
49 132,9 129,8 1238 1294 1274
50 134,4 128,2 1323 1329 126
o1 126,2 1209 128,3 122,7 1186
52 110,8 112,3 1142 1156 109,2
53 132,3 126,5 128,4 127,2 11972
54 136,5 129,4 1298 129,7 1209
55 1395 1348 1375 1389 1494
56 128,3 120,7 121,7 1226 120
57 1254 122,5 1229 1244 1298
58 126,7 1239 1256 126,1 1237
59 131,7 128,8 134 1394 1197
60 131,1 126,3 1292 1395 1315
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zZ- Z- Z- Z- Z-
RunOrder Ave(1l) Ave(7) Ave(15) Ave(30) Ave(60)

1 1056 1059 1118 111 109,4
2 1219 117 118 122,3 1178
3 122 118,2 1218 121,7 1199
4 1213 1212 122,7 119,2 1231
5 122,4 120,7 1194 1234 1241
6 1125 1126 1143 113,8 1158
7 1336 1244 1279 1277 128

8 134,4 1304 1324 1333 1291
9 130,8 1276 1275 1365 130,7
10 121,3 1184 1215 120 119,9
11 126,6 125,01 1249 129,8 130,3
12 131,3 130,5 1294 129,8 130

13 132 1352 1341 1312 1333
14 135,2 130,5 1321 1312 1325
15 137,5 1275 136,6 1352 1354
16 125,1 1279 126,1 137,7 1243
17 117,3 117,3 1157 1189 1191
18 124,4 1198 1218 1219 1244
19 126,6 126,7 126,7 1224 123

20 1289 1249 130,1 1252 126,5
21 180,7 179,5 176,4 168,7 162,3
22 123,4 1239 119,7 1205 1243
23 1244 1215 1215 1204 1243
24 121,1 120,7 118,2 119,2 117,5
25 129,1 1252 1243 137,8 126,9
26 125,9 126 130,9 1345 1323
27 124,4 126 124 126 1247
28 1349 1375 1329 136,3 135

29 123,7 123,1 1225 1195 1197
30 123,3 1239 130 131,3 1223
31 122 1186 121,3 122,7 120,3
32 1213 122,3 1159 1233 1211
33 1258 1243 1249 1294 120

34 1248 123,1 1229 1206 120,2
35 126,8 1306 127,8 1329 1305
36 136,2 132,3 130,8 1333 131,2
37 138 1344 132 1325 126,8
38 127,8 122 127,4 1285 1231
39 128,9 127,7 1239 127,4 1235
40 1228 122,1 1208 120,7 1194
41 119,9 116,44 111,7 112,2 113

42 124 119,6 1216 124,77 1219
43 1341 1348 131,8 127,8 127,7
44 117,9 125,2 1148 119 113,6
45 129,3 129 126,4 123,7 1231
46 1343 1295 1274 1336 1239
47 127,8 1269 125 1358 1251
48 138 130,2 130 141,3  130,9
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zZ- Z- Z- Z- Z-
RunOrder Ave(1l) Ave(7) Ave(15) Ave(30) Ave(60)

49 132,7 1308 127,1 1323 129,1
50 1348 1305 1329 133 127,4
51 128,1 125,1 1304 1254 1223
52 117,8 118,3 118,8 1215 1133
53 133,8 129,4 1291 1294 1233
54 136,1 130,8 132 132,7  126,2
55 140,2 134,2 137 138,6 143

56 129 1245 126,1 125;7 123

57 1285 1259 1256 128 130,5
58 1276 1293 128,8 128,2 125,2
59 132,2 1314 1351 1388 1255
60 1333 1295 129,7 1394 139,8

RunOrder PdI(1) PdI(7) PdI(15) PdI(30) Pdl(60)

1 0,112 0,095 0,07 0,014 0,103
2 0,093 0,105 0,123 0,011 0,076
3 0,054 0,098 0,054 0,089 0,094
4 0,128 0,051 0,08 0,129 0,036
5 0,103 0,065 0,08 0,056 0,144
6 0,128 0,063 0,081 0,056 0,116
7 0,056 0,099 0,022 0,081 0,019
8 0,119 0,099 0,059 0,072 0,086
9 0,1 0,083 0,122 0,202 0,036
10 0,108 0,072 0,023 0,092 0,088
11 0,117 0,091 0,115 0,011 0,153
12 0,024 0,074 0,06 0,028 0,045
13 0,123 0,102 0,018 0,087 0,042
14 0,128 0,074 0,08 0,144 0,133
15 0,085 0,177 0,036 0,009 0,003
16 0,117 0,05 0,04 0,128 0,088
17 0,073 0,1 0,128 0,099 0,078
18 0,122 0,103 0,101 0,074 0,042
19 0,095 0,02 0,031 0,102 0,092
20 0,091 0,12 0,085 0,054 0,002
21 0,079 0,066 0,113 0,121 0,223
22 0,095 0,031 0,08 0,002 0,105
23 0,067 0,055 0,019 0,046 0,052
24 0,081 0,113 0,092 0,099 0,028
25 0,041 0,085 0,144 0,165 0,115
26 0,017 0,094 0,031 0,113 0,089
27 0,08 009 0,164 0,124 0,097
28 0,039 0,064 0,021 0,021 0,011
29 0,095 0,08 0,1 0,09 0,139
30 0,058 0,025 0,078 0,086 0,109
31 0,133 0,148 0,083 0,041 0,067
32 0,048 0,137 0,065 0,096 0,092
33 0,042 0,048 0,051 0,021 0,084
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RunOrder PdI(1) PdI(7) PdI(15) PdI(30) PdI(60)

34 0,07 0,111 0,027 0,116 0,111
35 0,102 0,05 0,041 0,017 0,097
36 0,073 0,062 0,039 0,032 0,076
37 0,041 0,031 0,101 0,098 0,042
38 0,086 0,099 0,121 0,013 0,185
39 0,119 0,014 0,076 0,068 0,106
40 0,09 0,067 0,136 0,125 0,058
41 0,041 0,119 0,121 0,186 0,063
42 0,094 0,063 0,113 0,074 0,052
43 0,106 0,118 0,048 0,076 0,035
44 0,063 0,139 0,12 0,102 0,118
45 0,103 0,03 0,118 0,117 0,079
46 0,115 0,066 0,172 0,101 0,138
47 0,09 002 0,11 0,007 0,083
48 0,121 0,139 0,021 0,102 0,1
49 0,05 004 0,063 0,014 0,104
50 0,0 0,053 0,101 0,098 0,098
51 0,057 0,122 0,071 0,061 0,095
52 0,141 0,085 0,031 0,08 0,003
53 0,031 0,088 0,105 0,029 0,078
54 0,071 0,087 0,157 0,013 0,132
55 0,041 0,092 0,123 0,042 0,147
56 0,09 0,112 0,051 0,054 0,07
57 0,01 0,01 0,08 0,04 0,068
58 0,082 0,133 0,062 0,054 0,118
59 0,088 0,104 0,01 0,069 0,158
60 0,015 0,1 0,083 0,03 0,18

RunOrder Zeta(15) Zeta(21) Zeta(30) Zeta(60)

1 -7 -9,01 -1,77 -17,5
2 -5,27 -5,06 -3,14 -3,97
3 -0,71 -3,17 -2,57 -5,25
4 -3,99 -3,76 -3,01 -3,97
5 -4,38 -3,53 -2,68 -3,59
6 -4,23 -2,69 -3,21 -3,13
7 -5,7 -4,12 -3,67 -7,8

8 -4,02 -3,92 -4,46 -6,56
9 -4,34 -4,19 -4,69 -5,04
10 -5,24 -5,33 -6,52 -3,16
11 -3,44 -2,35 -3,88 -5,78
12 -2,8 -2,42 -2,91 -4,13
13 -2,04 -1,92 -2,28 -4,66
14 -4,75 -4,62 -4,19 -2,59
15 -4,1 -4,08 -3,83 -6,52
16 -4,29 -4,61 -3,56 -5,63
17 -4,54 -2,97 -2,82 -2,25
18 -6,21 -6,02 -3,8 -7,43
19 -5,08 -3,74 -3,46 -5,33
20 -6,16 -4,43 -4,06 -7,88
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RunOrder
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Zeta(15)
-3,37
-4,23
-4,87
-5,49
-7,64
-1,91
-3,61
-4,66
-3,29
-4,25
-5,1
-8,34
-8,62
-6,1
-5,34
-4,68
-5,44
-4,81
-4,21
-4,67
-0,708
-5,13
-3,79
-4,7
-3,05
-5,35
-7,93
-5,41
-6,8
-6,43
-8,52
-6,78
-7,27
-11,6
-4,87
-0,741
-5,31
-5,15
-5,03
-3,77

Zeta(21)
-2,75
-4,27
-3,76
-3,16
-4,93
-2,49
-4,29
-4,86
-5,47
-7,1
-6,46
-8,04
-6,3
-4,73
-3,26
-5,05
-4,12
-5,77
-4,84
-6,37
-5,06
-5,55
-2,32
-3,77
-8,72
-6,13
-5,97
-5,26
-4,56
-9,44
-6,12
-0,208
-5,2
-6,31
0,213
-6,32
-5,21
-7,43
-4,78
-4,55

Zeta(30) Zeta(60)

-2,98
-4,02
-3,92
-2,5
-4,65
-1,37
-2,96
-4,48
-4,55
-4,05
-7,95
-9,56
-4,74
-5,94
-6,49
-4,71
-4,01
-3,61
-6,2
5,7
-3,31
-3,74
-3,16
-2,81
-10,8
-6,69
-5,51
-4,27
-4,84
-4,88
-6
-7,08
-6,47
-7,54
-4,37
-4,02
-4,47
-6,29
-4,71
-4,94

-1,86
-8,08
-5,03
0,136
-3,42
-2,32
-4,53
-5,94
-4,58
-5,07
-3,67
-14,1
-3,79
-3,61
-7,46
-3,46
-5,28
-1,6

-9,6

-3,72
-6,92
-5,06
-2,22
-5,44
-20,2
-5,47
-6,21
-6,36
-7,05
-5,03
-6,79
-8,29
-4,94
-3,61
-7,01
-3,88
-5,81
-7,33
-4,17
-8,73
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