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ONSOZz

“Bilim diinyasinda, maddeyi atomik ve molekiiler diizeyde
anlama ve canli sistemlerin karmasik mekanizmalarini ¢dzme
arzusu, analitik kimya ve biyokimya disiplinlerinin kesistigi
noktada muazzam bir sinerji yaratmistir. Bu calisma, her
iki alanin temel prensiplerini modern teknolojinin sundugu
enstrimantal yeniliklerle harmanlayarak, arastirmacilara
rehberlik etmeyi amaglamaktadir. Giiniimiizde, hastaliklara
erken tan1 konulmasindan yeni nesil ila¢ etken maddelerinin
gelistirilmesine  kadar pek ¢ok kritik siireg;  kiitle
spektrometresi, ileri kromatografik yontemler ve yiiksek
hassasiyetli elektrokimyasal teknikler gibi yenilik¢i araclara
dayanmaktadir. Ozellikle biyokimya alaninda, protein yapilari
ve metabolik yollarin (pH) ve sicaklik gibi spesifik ortam
kosullarindaki (T) davraniglarinin 6l¢iilmesi, bu yontemlerin
hatasiz uygulanmasini gerektirir. Bu kitabin/caligmanin ortaya
¢ikmasinda degerli akademisyen Prof. Dr. Duygu OZDES, Prof.
Dr. Meryem TOPAL, Dog. Dr. Adem OZBEK, Dr. Ogr. Uyesi
Pimar BOZBEYOGLU ve Dr. Ogr. Uyesi Murat KIRANSAN
hocalarima ve bu yolda her zaman destegini esirgemeyen
doktora siirecime baslamama destek olan Fatih KOC hocama
tesekkiir eder; eserin Ogrencilerimize, arastirmacilarimiza ve
bilime goniil veren tiim okuyuculara faydali olmasini dilerim.”
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BOLUM i

Bazi Hayvan Tiirlerine ait Zehirlerin
Peptitlerinin Farkli Kanser Huicreleri
Uzerindeki Antikanser Mekanizmalari
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1.1. GIRIiS

Kanser hiicreleri, slirekli ve dengesiz bir sekilde viicutta
boliinerek diger organlara giderek o bdlgelere yerleserek
boliinebilme yetenegi kazanan hiicreler biitiiniidiir. Yengegler,
diismanini uzun disli kollariyla tutar ve yavas yavas kemirerek
yer. Bu benzerlik nedeni ile kanserin kelime anlami yengegtir.
DNA’da yapr degisikligiyle baglayan siirecte temel neden;
kanserin bir genom hastaligi oldugundan kontrolsiiz bir
sekilde cogalmasidir. Kanserdeki oOliimlerin ¢ogu tiimoral
dokunun kendisinden degil, sekonder olarak gelisen metabolik
degisimlerden kaynaklanmaktadir. Tiim diinyada O&liim
nedenleri arasinda kardiyovaskiiler hastaliklardan hemen
sonra, ikinci sirada kanser gelmektedir [11]. Kanser, tiim
diinya capinda insan viicudunda 6liimciil nedenler arasindaki
oncelikli olan sagliksal bir problemdir. Uluslararasi Kanser
Aragtirmalart  Ajansinin  (IARC), istatistik  verilerinin
sonuglaria gore 2011-2012 yillarinda 14 milyon insan yeni
kanser vakasi olarak kaydedilmistir. Bunlardan 8 milyon vaka
6liim ile sonuglanmistir. Bu vakalarda ilk sirada 1,6 milyon kigi
ile akciger kanseri, ikinci sirada ise 1,5 milyon kisi ile meme
kanseri yer almaktadir [5]. ABD’de 2016 yilinda 1,658,210 kisi
yeni kanser vakasi olarak kaydedilmistir. Bunlardan 595,690
kisi kanserden dolay1r yasamini yitirmistir. Kanser tipleri
arasinda erkeklerde akciger ve prostat kanseri goriiliirken
kadinlarda meme kanseri en yaygin goriilen kanser tipi olarak
goriilmistiir [6].

Antik ¢aglardan giiniimiize Cin, Misir ve Hindistan gibi
medeniyetlerde zehirler bazi hastaliklarin tedavisinde siklikla
kullanildigim1 - gostermektedir. Hindistanli hekim Sushruta
(M.O. 7.yiizy1l) yilan zehirlerinin uzun yasamla ilgisi oldugunu
sOylemis ayrica Charaka adli bagka bir hekim ise “’udra raga®’
ad1 verilen bir sindirim sistemi hastaliginin tedavisinde yilan
zehirlerini  kullanmistir  [1].Biyotoksinler, patofizyolojik
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problemlere karst kullanilabilegi ve kanser tedavisinde
kullanilabilecek yeni ilaglarin gelistirilebilme potansiyelleri
ortaya koymustur [4]. Hayvanlar alemi incelendiginde,
cok basit yapili canlilardan daha gelismis organizasyonlu
canlilara kadar birgok tiirde zehir iiretimi goriilmektedir.
Hayvan zehirlerinin antikanser potansiyellerine dayali pek
cok arastirma bulunmakla birlikte bu c¢alismalarin 6zellikle
ar1, oriimcek, akrep ve yilan zehirleri iizerinde odaklandigi
goriilmektedir. Yirminci ylizyilin baslarinda az rastlanan
bir kanser tiirli olarak tanimlanan akciger kanserinin sikligi
20. ylizyilin sonlarma dogru giderek artan bir sekilde devam
etmistir. Erkeklerde prostat kanserinden sonra, kadinlarda
meme kanserinden sonra en sik gorlilen kanser tiirii akciger
kanseri olmustur. Akciger kanseri her iki cinste de 6liime en sik
neden olan kanser tiliriidiir. Akciger kanserinin etiyolojisinde en
onemli faktor sigaradir. Sigara akciger kanserlerinin yaklagik
%85-90’indan sorumludur. Akciger kanserinin olusuna etki
eden bagka bir faktor ise asbesttir. Asbest maruziyeti, sigara
kullanimiyla birlestiginde akciger kanserine yakalanma oranini
yaklagik 90 kat arttirmaktadir. Radyasyona maruz kalanlarda
akciger kanseri riski artmaktadir. Radon gazi akciger kanserine
sebep olan bir radyoaktif maddedir. Ayrica bis (klorometil)
eter, polisiklik aromatik hidrokarbonlar, krom, nikel ve organik
arsenik bilesikleri gibi maddelere maruz kalanlarda akciger
kanseri daha sik goriilmektedir [10]. Ulkemizde 1983 yilinda
Kanserle Savag Daire Bagkanligi kurulmustur. Bu yillarda
kanser hastalig1 bildirimi zorunlu hastaliklar arasma alinmis
ve kanser sikligi calismalari yapilmistir. Bu ¢alismalarda,
organa 0zgili kanser sayilan ile iilkemizde ilk kez kanserin
profili goriilmiistiir. Ulkemizde tim yas gruplarinda 2014
verilerine gore erkeklerde en ¢ok sirasiyla akciger-brong-trake
kanserleri, prostat kanseri, kolorektal kanser ve mesane kanseri
goriilmektedir. Kadinlarda ise sirasi ile meme kanseri, tiroit
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kanseri, kolorektal kanser ve uterus kanseri 6nde gelmektedir.
Ayrica iilkemizde 0-14 yas (¢ocukluk ¢agi) grubunda hem
erkek hem kiz ¢ocuklarda kan kanseri, 15-24 erkeklerde testis
kanseri kadinlarda tiroit kanseri, 25-49 ve 50-69 yas gruplarinda
ise erkeklerde akciger-brons-trake kanserleri, kadinlarda meme
kanseri goriilmektedir [7].

Sekil 1. Bazi Zehirli hayvan Tiirleri [8]

Hayvanlar alemine bakildiginda ¢ok basit yapil
organizmalardan yiiksek yapili organizmalara bir¢ok biiytlik
grupta zehirli canlilarin bulundugu goriilmektedir (Sekil
1). Bunlar arasinda basta siiriingenler, baliklar olmak iizere
amfibi ve memeliler gibi omurgalilar, deniz yildiz1 gibi derisi
dikenliler, koni salyangozu ve ahtapotlar gibi yumusakgalar,
ortimcekler, akrepler bocekler ve g¢iyanlar gibi eklem
bacaklilara ait 100.000’den fazla tiiriin zehre sahip oldugu
bilinmektedir [9]. Havyan sinifinin ¢gogunun zehri, antikanser
arastirmalarda kullanilmaktadir. Bu ¢alismalar akrep, 6riimcek,
arl, amfibi ve yilan zehirleri lizerinde agirhik kazanmistir
[4]. Antikanser peptitler farkli agilardan kanser gelismesine
karsi miicadeleye izin veren kansere hedeflendirilmis
ilaglarin tasarimi i¢in onemli bir kaynak sunar. Bazi kiiglik
molekiiller etkili olarak dokulara girer ve kanser hiicrelerini
ortadan kaldirir. Bu molekiiller tiimorler tlizerine dogrudan,
kemoterapétiklerle birlikte sinerjistik olarak veya biyobozunur
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ya da diisiik secicilikte ilaglar i¢in yapilan tasiyici araglar iginde
gonderilerek gosterirler [9].

Sekil 2. Akrep Zehirleri [2]

Akrep zehirleri

Akrepler diinyada yaklasik 400 milyon yildir varligini
siirdliren canlilardir [3]. Birgok {ilkede akrep sokmalari dnde
gelen saglik sorunlarindan biridir. Yilda 1,2 milyondan fazla
akrep sokmasi rapor edilmekte ve akrep sokmalar arteryal
hipertansiyon veya hipotansiyon, tasikardi veya bradikardi
gibi 6nemli saglik sorunlarina sebep olmaktadir [6]. Diger
taraftan akreplerin geleneksel tedavi yontemlerinde Afrika ve
Asya’daki eski kiiltiirlerde kullanildigi bildirilmektedir [13].
Akrepler yeni antibiyotiklerin gelistirilmesi ve potansiyel
kanser tedavisinde kullanilabilecek biyolojik aktif molekiiler,
antiviral, antifungal ve antimalarial peptitler, serotonin,
histamin gibi disiik molekiil agirlikli molekiiler, inorganik
tuzlar, mukus ve norotoksinleri icermektedir [4].
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Opistozoma

Sekil 3. Akrep Zehirlerinin Antikanser Aragtirmalarda Kullanilmasi [5]

Akrep zehirleri ile ilgili anti kanser c¢aligmalarda en
onde gelen peptit Leiurus quinquestriatus’tan izole edilen
cholorotoxindir (Cltx). Cholorotoxin 36 amino asitten ve 4
disiilfit kopriisiinden olusan kisa zincirli bir peptittir [18].
Chlorotoksin hiicre zarinda klor kanallarina girip inhibe ederek
glioma hiicrelerinde etkili olmaktadir. Bu peptit sadece glioma
hiicrelerine baglanmakta, normal hiicrelerde ya ¢cok az ya da hi¢
aktivite gostermemektedir. Bu toksin matriks metalloproteinaz
II (MMP-2) ye baglanarak ekstraseliiler matriks enzimi olan
jelatinaz aktivitesini inhibe etmektedir. MMP-2 glioma ve
iliskili kanserlerde timdr invazyonuyla alakali bir protein
olarak bilinir ve Ozelikle bu kanser tiplerinde bu protein
sentezi fazladir. Chlorotoksin glioma hiicrelerinde MMP-2 ye
etkili bir sekilde baglanmakta ve klor kanallarindaki akimin
bozulmasiyla diisiik jelatinaz aktivitesine sebep olmaktadir
[6]. Lipozomlarla modifiye edilmis cholorotoksinin;
BALB/c farelerin elde edilen MMP-2 ekpresyonu yiiksek
olan agresif metastatik meme kanseri hiicrelerinde oldukca
yiiksek antimetastatik etki gosterdigi bildirilmistir [1] . Cin
kirmiz1 akrebi (Buthus martensii Karsch) zehrinden izole
edilen serin proteinaz benzeri BMK-CBP peptitinin, MCF-
7 (meme kanseri) hiicre hattinda doza bagl olarak hiicreye
baglandigi gosterilmistir [6]. [8] tarafindan yapilan ¢aligmada
Heterometrus bengalensis (Hindistan siyah akrebi) zehrinden
izole edilen bengalin olarak adlandirilan peptitin U937
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(histiositik lenfoma) ve K562 (kronik myeloid 16semi) hiicre
hatlar1 {izerinde antikanser etkisinin oldugu gdsterilmistir.
Bengalin mitokondriyal zar potansiyelini sitozole sitokrom ¢ in
salinmasini baglatarak potansiyelin kaybina sebep olmakta ve
1s1 sok proteinleri (heat shock protein) 70 ve 90 ekspresyonunu
azaltmaktadir. Bu sonuglar bengalinin insan 16semi hiicreleri
tizerine antikanser etkisini kabul edilen mitokondriyal Sliim
basamaklar1 olarak gosterilen bu mekanizmalarla etkiledigini
gostermektedir.

Oriimcek Zehri

Sekil 4. Oriimcek Zehirleri [4]

Oriimcekler artropodann  ¢ok cesitli  gruplarindan
biridir; 38 000 kadar tiirii tanimlanmistir ve goreceli olarak
toksinleri su ana kadar az ¢ahsilmistir. Oriimcek zehrinin
icerigi molekiiler olarak ¢ok cesitlilik gdsterir. Ornegin Atrax
robustus driimeeginin zehril 000 den fazla peptit igermektedir.
Her bir farkli 6riimcek zehrinin 500 den fazla farkli toksin
icerdigi tahmin edilmekte, boylece 38000 kadar tanimlanmis
orimcegin zehrinin 19 milyon kadar toksin igerdigi
diisiiniilmektedir. Bu kadar ¢ok farkli peptitin olusu yeni
farmakolojik maddelerin gelistirilmesi i¢in 6nemli bir kaynak
saglamaktadir [7]. Macrothele raven tiirli 6riimcegin zehri ile
yapilan bir ¢alismada insan servikal (rahim agz1) kanseri hiicre
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hatt1 olan HELA hiicre hattinda proliferatif ve sitotoksik etkisi
arastirilmistir ve c¢alismada etidyum bromid /akridin oranj
boyamalarinda morfolojik degisiklikler gézlenmis doza bagh
olarak HELA hiicrelerinin proliferasyonunun inhibe edildigi
oldugu saptanmistir. Ayrica apoptoz ve nekroz oranlarinin
yukseldigi ve kaspaz-3‘lin regiilasyonunun artig1 bildirilmistir
[3]. [11] yaptiklart ¢alismada Macrothele raven zehrinin
losemi hiicre hattinda (K562) doza ve zamana bagli olarak
hiicrelerin biiylimelerini baskiladigini1  bildirilmistir. DNA
fragmentasyon yontemiyle Annexin-V ve propidyum iyodur
ikili boyamalarinda apoptojenik oldugu gosterilmistir. Ayn
zamanda kaspaz-3 ve kaspaze-8 indiikledigi rapor edilmistir.

Ar1 Zehri

Bal, polen, propolis, balmumu ve ar1 zehri gibi ari1 {lirtinleri
binlerce yildir insanlik tarafindan romatoid artrit, romatizmal
hastaliklar, siyatik, kas agrilarinda ve multiple skleroz (MS)
gibi rahatsizliklarin tedavisinde kullanmaktadir [2]. Art zehri
igerisinde proteinler (fosfolipazA2, fosfolipazB, hiyolurinidaz,
fosfataz, glikosidaz), peptitler (melittin, apamie, secapin,
pamin, minimin, adolapin tertiapin, kardiopep, melittin f,
proteaz inhibitdr), aminler (Histamine Dopamin Noradrenalin),
aminoasitler (aminobiitirik asit, a-amino asitler), sekerler
(Glukoz, fruktoz), feromonlar ve Mineraller (P, Ca, Mg) gibi
cok cesitli maddeler bulunur [9]. [6] yaptig1 ¢alismada ari
zehrinin insan 16semi U937 hiicrelerinde apoptozu indiikledigi
ve bu apoptozu ERK ve Akt sinyal yolaklarimin down
regiilasyonuyla sagladigini rapor etmislerdir. Ar1 zehrinde ilk
olarak 1985 te insan 16semi hiicrelerinde calmodulin inhibitorii
olarak hiicrelerin biiylimesini ve klonojenitesinin etkilendgi
gosterildi [5]. Ayni y1l [2] benzer bir etki mekanizmasiyla
melitinin astrastoma hiicrelerinde de ayni etkiyi yaptigini rapor
etti.
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Melittin suda ¢oziinebilen bir peptit olarak Apis melifera
dan izole edilmis ve hepatoseliiler karsinoma hiicreleri tizerinde
biliylimelerini inhibe ettigi rapor edilmistir. Melittin timor
hiicrelerinin migrasyonunu ve hareketinin azalmasini Rac-1’e
bagli sinyal yolaklarmin baskilanmasiyla saglar. Melittin Rac-1
sinyal yolaginin inhibisyonuyla metastazin 6nlenmesini saglar
ve bu yiizden melittin karaciger karsinomlarinda potansiyal
terapotik ajan olarak onerilebilir [19].

Siiriingen zehirleri

Sekil 8. Amfibi [3]

Amfibiler avcilarina karsi kendilerini korumak igin farkli
morfolojik fizyolojik ve davranigsal bir¢ok mekanizma
gelistirmiglerdir. Bu mekanizmalardan biri de derilerinde
bulunan glandular bezlerden salgilar yapmalaridir. Bu
bezler zehir bezi olarak da adlandirilmakta ve hayvanin
viicudu bu salgilarla kaplanmaktadir. Eski kiiltiirlerden beri
amfibilerin tedavi amacgh kullanildigi bilinmektedir. Amfibi
derisinde bulunan bu salgilar peptitler, proteinler, steroitler ve
alkoloidler gibi bircok biyoaktif maddenin bulundugu ve bu
maddelerin antifungal, antiprotozoal, antidiabetik etkilerin
var oldugu gosterilmistir. Bu biyoaktif maddelerin potansiyel
olarak yeni ilaclarin gelistirilmesi i¢in kullanilabilecegi
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diistintilmektedir [17]. Geleneksel ¢in tedavisinde kullanilan
Chan Su olarak adlandirilan Bufo derisinden elde edilen zehir,
insan akciger karsinoma hiicrelerine (A549) farkli dozlarda
verilmis ve doza bagli olarak hiicrelerin biiylimesini ve
canliligini azalttig1 gosterilmistir. Ayrica anti-apoptotic Bcl-2
ekspresyonunu azalttigi, pro-apoptotik Fas ligandin ve 6liim
reseptorii 4 lin ekspresyonunu arttirmasi ve mitokondriyal
membran potansiyelini azaltmasiyla apoptozu indiikledigi
goriilmistir (Yun ve ark. 2009). Bufo derisinden izole edilen
chan su mesane kanser hiicre hatti olan T24 hiicrelerinde
konsantrasyona bagli olarak kanser hiicrelerinin gelisimini
engelledigi ve 6llimiine yol actig1 gésterilmistir. Ayni zamanda
T24 hiicrelerinde apoptozu antiapoptotik genler olan Bcl-2
ve Bcl-Xs/L ekspresyonunu azalttigi ve proapoptotik etkisi
bilinen Bax ekspresyonu artirdig1 ortaya konulmustur [6]. Bufo
melanostictus tan elde edilen bufolin K562 (insan kemik iligi)
kronik miyeloid 16semi hiicrelerine verilmis, sonug olarak
WTTI ekspresyonunu diisiirdiigii bildirilmistir. Ayrica bufolinin
konsantrasyonun artmast DNA sentezini ve topoizomeraz 2
aktivitesinin inhibe etmektedir. Ayrica bufalin hiicre siklusunda
MLI1 hiicrelerini G2 fazinda U937 hiicrelerini segici olarak S
ve G2 fazinda durdurmustur [11].

Zehir kanali

Zehir kanal

Koruyucu
kilif

Kaslar Zehir bezi

Sekil 10. Yilan zehirleri [15]
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Yilan zehirleri tiiklirik bezlerinin degisip farklilagsmasi
sonucu olusan 06zellesmis zehir bezlerinde olusmaktadir
[9]. Yilan zehirleri bir ¢ok protein, peptit, enzim, toksin
icermektedir Yilan zehrinin igerigi yasa, cinsiyete, ekolojik
etkilere ve beslenme kosullarina gore degisebilir [9-13].

Yilan zehirleriyle ilgili yapilan ¢alismalar genel olarak su
basliklar altinda toplanabilir;

1. Peptitlerinden veya diger igeriklerinden, ila¢ (antikanser
antikougiilan antimikrobiyal vb.) gelistirme amach
yapilan ¢aligmalar [7].

2. Yilan 1siriklarina veya 1sirik sonrasi zehirlenmelerine
kars1 etkin tedavi gelistirme amacl ¢alismalar [10].

3. Farkli cografik bolgelerde, farklilik gdsteren zehirlere
kars1 anti serum gelistirmeye yonelik calismalar [3].

4. Yilan zehirlerinin sistematik alaninda kullanilmasina
yonelik ¢aligsmalar [8].

Yilan zehirlerini 3 tip olarak simiflandirabiliriz.

* Norotoksik olanlar (insan viicudunda sinir sistemi
iizerine etki edenler)

*  Hemotoksik olanlar (kardiovaskiiler sistem iizerine etki
edenler)

» Sitotoksik olanlar (6zel olarak hiicreleri veya dokular
hedef alarak etki edenler) [5]

Norotoksinler sinir sistemi {izerine ileri derecede etki
yapmakta, kalp ve/veya solunum problemlerine sebep
olmaktadir. Norotoksinler etkilerini sinapslarla noéronlar
arasindaki iletisimi engelleyerek ya da noron zarinda iyon
gecisini inhibe ederek gdsterir. Bu toksinler sinir sisteminde
asetilkolinin baglanma bdlgelerinde asetilkolinin seklini alarak
asetilkolini taklit eder ve baglanmasini engeller [19].
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Hemotoksin olarak bilinen toksinler ise eritrositler iizerine
etki etmekte ,dolasim sisteminde ve kas dokularinda zararlara
ve kangrene sebep olur. Kardiotoksinler 6zelikle kalp {izerine
etki eden yapiya sahiptir. Bunlar kalbin kaslarina baglanarak
kalp kasinin kasilmasini 6nlemektedir [13].

Viperidae familyasinda bulunan ¢ingirakli yilanlar, bakir
kafali y1lan ve su mokaseni gibi yilanlarin zehirleri hemotoksik
olmasina ragmen kobralar, deniz yilanlari, mercanyilanlar1 ve
bungarus cinsi yilanlarin zehirleri noroktoksiktir. Fakat bazi
yilan tiirleri zehirlerinde hem nérotoksik hem de hemotoksik
bilesikler igerebilir.

Gegmisten gliniimiize kadar biyotoksinler ¢ok farkli sekilde
kullanilmis glinlimiizde biyoteknoloji ve molekiiler biyolojinin
gelismesiyle bu alanda yapilan ¢aligsmalar artmis ve birgok yeni
ilag gelistirilmistir. Ozellikle yilan zehirlerinin kan hiicrelerine
olan etkilerinin arastirilmasi sonucu gelistirilen, kan
pihtilasmasi tizerine etki eden birgok molekiil bulunmustur. Bu
anlamda engerek zehirlerinden elde edilen Integrilin® (Echis
carinatus zehrinden) ve Aggrastat ( Sisturus miliaris zehrinden)
ilaclar antiagregan olarak kullanilmaktadir [11].

Zehirler tek bir yapidan degil yiizlerce hatta binlerce peptit
protein ve kimyasaldan olugmaktadir. Farkli konsantrasyonlarda
ve kombinasyonlarda su ana kadar 20 farkli tip toksik enzim
bulundugu bilinmektedir. En yaygin olarak yilan zehirlerinde
L-amino oksidazlar, serin proteazlar, metalloproteinazlar ve
fosfolipaz A2 bulunmaktadir [7].
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Tablo 1. Zehirli bazi hayvanlarin antikanser mekanizmalar:

Toksin Tiirleri Toksin Adlar1 ~ Antikanser Kanser Hiicresi
Mekanizmalar Tiirleri
CC-PLA2-1 Hiicre adezyonunun Beyin
ve ve fibrinojen mikrovaskiiler
CC-PLA2-2 ve fibronektine endotel hiicreleri
svPLA migrasyonunun (HBMEC’ler) [3]
inhibisyonu
MVL-PLA2 Anti-anjiyojenik etkiler ~mikrovaskiiler
Mikrotiibiil endotel
dinamikligini artirir hiicreleri(HMEC-1)
[6]
»  Meme kanseri
hiicresi
(MCF-7) [1]
CTX-1ve Lizozomal yolla »  Hepatoseliiler
CTX-IT apoptotik etki karsinom
(HepG2) [2]
Sitotoksinler veya »  Prostat
Kardiyotoksinler kanseri
(DU145) [7]
> insan
promyelositik
16semi hiicresi
(HL-60) [4]
»  HGF/c-Met-
bagiml PI3K/ Insan meme kanseri
Kardiyotoksin Akt, ERK1/2ve (MDAMB-231)
111 »  NF-kB sinyal hiicreleri [9]
yolu yoluyla HGF
kaynakl1
»  istila ve gogiin
inhibisyonu
metalloproteinazlar Yarhagin »  Kanser hiicresi B16F10 murine
proliferasyonunun melanoma cells [5]
Inhibisyonu
»  Increase in
apoptosis
»  Increase in
caspase-3
Apoptosis by oxidative  Prostate
OH-LAAO reaction of H O causing adenocarcinoma
alteration of gene (PC-3
svLAAOs expression cells) [8]
Apoptosis with DNA
Rusvinoxidase  fragmentation via the MCF-7 [3]

activation of caspase-8
and caspase-7
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Specific binding to

Obtustatin alP1 integrin causing S-180 sarcoma [1]
the inhibition of tumour
cells adhesion and
migration

Disintegrins Anti-inflammatory

effect by blocking the

Rhodostomin adhesion of activated Neutrophils [10]
neutrophils to
fibrinogen and
attenuating superoxide
production

Lebein Inhibition of VEGF- Human colon
induced cancer cells [12]
neovascularization
Apoptosis via Human
mitochondrial pathway  gastric cancer

cell(SGC-7901)[14]
Bee venom Melittin L tipi Ca kanalinin insan MG63

aktivasyonu osteosarkom

hiicreleri [11]

MAPK sinyal yolunda  Lewis akciger

yer alan enflamatuar kanseri hiicresi
mediatérlerin (VEGF-A-hm LLC
inhibisyonu ) [15]

yaban aris1 zehri

Polybia-MPI

gozenek olusumu

Prostat ve mesane
kanseri [14]

Kanser belirtileri kanser gelisiminde yer alan ¢esitli adimlar
sirasinda edinilen biyolojik yetenekleri tanimlamak igin

olusturulmustur.

Tablo 2. Kanserin ayirt edici dzellikleri

Kanserin Ayirt Edici
Ozellikleri

proliferatif sinyallemeyi siirdiirmek [16]
biiylime baskilayicilardan kagimmak [17]
hiicre 6liimiine direnmek [18]

replikatif 6limsiizliigii saglamak [19]
anjiyogenezi indiiklemek [2]
istila ve metastazi aktive etmek [3]

YVVVYVYYVY

5’1 2011°de, hiicresel metabolizmaya dahil olmak ve

bagisiklik yikimindan kag¢inmak igin ortaya ¢ikan iki 6zellik

Onerildi.
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Tartisma ve Sonuc¢

Birgok kemoterapoétik ajanin klinik kullanimi, tatmin edici
olmayan klinik sonuglara yol agan bir dizi 6nemli yan etkiye
neden olabilir. Ek olarak, spesifik olarak hedeflenmis kanser
tedavisinin uygulanmasinin, artik fonksiyonel yeteneklerle
kanser gelisimini destekleyebilecegi ve tiimor hiicrelerinin
kemoterapiye adaptasyonuna veya direncine yol agabilecegi
bildirilmistir. Bunlarin bir sonucu olarak, dogal kaynaklardan
elde edilen antikanser ajanlarin kanser tedavisi i¢in umut
verici araglar oldugu goriilmektedir. Bu derleme, hayvan zehri
ve peptitlerinin bazi hayvansal iriinlerin, ¢oklu siireclere
veya tiimor gelisiminin ayirt edici Ozelliklerine miidahale
ederek antitimor etkiler gosterdigini gostermektedir. Zehir
peptitlerinin, o6zellikle svlaao’larin, parcalananlarin veya
melittinin, potansiyel olarak kanser bilylimesinin mutasyonunu
veya yeniden sekillenmesini i¢eren, hedefe yonelik tedavinin
spesifik inhibisyonunun neden oldugu adaptif direnci dnlemesi
beklenir. Bir dizi zehir bileseninin tiimdr gelisimi iizerinde
umut verici bir etkiye sahip oldugu gosterilmis olsa da, bu
antikanser peptitlerinin etkinligini ve giivenligini kanitlamak
icin daha ileri klinik 6ncesi ve klinik ¢aligmalara ihtiyag vardir.
Bu toksinlerin dogal potansiyelinin, klinik olarak yararl
ajanlari yani sira kanser degerlendirmesi icin teshis araglari
iiretmek i¢in kullanilabilecegini 6ngdriilmektedir.



16 ‘ GONCA KAVGACI

1.2. Kaynaklar

1.Akkaya, A., & Ugurtas, [. H. (2012). Rediscovery of Vipera
ammodytes (LINNAEUS, 1758) at Uludag-Bursa, Turkey,
after 62 years. Herpetozoa, 24(3-4), 181-185.

2.Al-Asmari, A. K., Riyasdeen, A., Al-Shahrani, M. H., & Islam,
M. (2016). Snake venom causes apoptosis by increasing the
reactive oxygen species in colorectal and breast cancer cell
lines. OncoTargets and therapy, 6485-6498.

3.Ali, M. A. A. S. M. (2012). Studies on bee venom and its
medical uses. Int J Adv Res Technol, 1(2), 69-83.

4.Anindita Debnath, A. D., Uttora Chatterjee, U. C., Minati
Das, M. D., Vedasiromoni, J. R., & Aparna Gomes, A. G.
(2007). Venom of Indian monocellate cobra and Russell’s
viper show anticancer activity in experimental models.

5.Anonim 2017 a. Saglik Bakanligi Tiirkiye Kanser Istatistikleri
Ankara 2017

6.Anonim 2017 b. Cosmasie Brillant blue G-250
boyasinin (www.sigmaaldrich.com/catalog/product/
sigma/27815?lang=en&region=TR) Erisim Tarihi
15.05,2017

7.Ari, F.,Ulukaya,E.,Oran,S., Celikler, S., Ozturk, S., & Ozel, M.
Z.(2015). Promising anticancer activity of a lichen, Parmelia
sulcata Taylor, against breast cancer cell lines and genotoxic
effect on human lymphocytes. Cytotechnology, 67(3), 531-
543.

8.ARIKAN, H., Go¢men, B., Igci, N., & Akman, B. (2014).
Age-dependent variations in the venom proteins of
Vipera kaznakovi Nikolsky, 1909 and Vipera ammodytes
(Linnaeus, 1758)(Ophidia: Viperidae). Turkish journal of
zoology, 38(2), 216-221.



ANALITIK KIMYA VE BIYOKIMYA ARASTIRMALARINDA GUNCEL YONTEMLER VE UYGULAMALAR ‘ 17

9.Arikan, H., Kumlutas, Y., TURKOZAN, O., & Baran, I.
(2003). Electrophoretic patterns of some viper venoms from
Turkey. Turkish journal of zoology, 27(3), 239-242.

10.Armugam, A., Cher, C. D., Lim, K., Koh, D. C., Howells,
D. W., & Jeyaseelan, K. (2009). A secretory phospholipase
A2-mediated neuroprotection and anti-apoptosis. BMC
neuroscience, 10(1), 120.

11.Batchelor, W. B., Tolleson, T. R., Huang, Y., Larsen, R.
L., Mantell, R. M., Dillard, P., ... & Harrington, R. A.
(2002). Randomized comparison of platelet inhibition with
abciximab, tirofiban and eptifibatide during percutaneous
coronary intervention in acute coronary syndromes: the
COMPARE trial. Circulation, 106(12), 1470-1476.

12.Bernardini, S., Cannata, S., Filoni, S., Luly, P., & Rufini, S.
(1996). Effect of ammodytin L from the venom of Vipera
ammodytes on Xenopus laevis differentiated muscle fibres
and regenerating limbs. Toxicon, 34(1), 81-90.

13.Bogdanov, S. (2020). Antiviral properties of the bee
products: a review. Bee Products Science, 1-16.

14.Boldrini-Franca, J., Correa-Netto, C., Silva, M. M,,
Rodrigues, R. S., De La Torre, P., Perez, A., ... &
Calvete, J. J. (2010). Snake venomics and antivenomics
of Crotalus durissus subspecies from Brazil: assessment
of geographic variation and its implication on snakebite
management. Journal of proteomics, 73(9), 1758-1776..

15.Bradbury, M. W., & Deane, R. (1993). Permeability of the

blood-brain barrier to lead. Neurotoxicology, 14(2-3), 131-
136.

16.Bradford, M. M. (1976). A rapid and sensitive method
for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical
biochemistry, 72(1-2), 248-254.



18 ‘ GONCA KAVGACI

17.Bjarnason, J. B., & Fox, J. W. (1994). Hemorrhagic
metalloproteinases from snake venoms. Pharmacology &
therapeutics, 62(3), 325-372.

18.Budak, A., & Gogmen, B. (2008). Herpetoloji. Ege
Universitesi Yayinlar1 Fen Fakiiltesi Yaymn No. 194, Izmir,
Turkey, Ege University Printing House.

19.Calderon, L. A., Sobrinho, J. C., Zaqueo, K. D., de Moura, A.
A., Grabner, A. N., Mazzi, M. V., ... & Soares, A. M. (2014).
Antitumoral activity of snake venom proteins: new trends
in cancer therapy. BioMed research international, 2014(1),
203639.



BOLUM 2

Instrumental Analyses of Some
Experiments Conducted in Analytical
Chemistry



20 ‘ GONCA KAVGACI

2.1. Introduction

Spectrophotometry, it is a branch of science that studies
the transmittance/absorbance properties of a substance as a
function of wavelength.It is a method based on the absorption
of light energy. Light is an electromagnetic It is radiation and
is characterized by its frequency (v) or wavelength (A). Light
energy is given by E = h.v or E = h.c/A. In these equations,
h (Planck’s constant) = 6.62x107% erg.s and ¢ = 3x10' cm/s.
Light can be absorbed by atoms, ions, and molecules. The
absorbed energy causes electrons to move from low-energy
orbitals (ground state) to higher-energy orbitals (excited state).
For an energy to be absorbed, it must equal the difference
between two energy levels [1,3]

The absorption of light at a specific wavelength, regardless
of the spectral region, is an indicator of the presence of a
structure capable of absorbing energy. By recording the
absorption amount as a function of wavelength, an absorption
spectrum is formed. In the UV and visible region (UV/GB)
spectrum, the absorbances are plotted against wavelength and
a maximum is observed at the wavelength where absorption
is highest. is observed (Amax). In the infrared spectrum, %
transmittance versus wavelength

The graph is plotted, and a minimum is observed at the
wavelength where absorption is highest. Light absorption
is measured with a spectrophotometer. This measurement
involves atoms, ions, or molecules. It is the measurement of
the difference between the intensity

of the incident light (I0) and the intensity of the transmitted
light (T)
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The Lambert-Beer Law;

*  The relationship between the absorbance (A) and the
concentration (C) and the path taken by light in the
sample (1). The relationship between the absorbance
(A) and the concentration (1) Decays.

explains.
+ A=k.LC

»  krepresents absorbtivity and is used when concentration
is given in g/L. Concentration

if given in mol/L (M), the k coefficient is denoted by ¢
(molar absorbtivity). €

depends on the type of substance and wavelength.
Device Information in UV/Vis Spectrophotometry:
* Light source [§]

* Monochromator (Wavelength selector)

» Sample container (cuvette)

e Detector [4]

*  Recorder

Applications of spectrophotometry;

*  Qualitative analysis

*  Quantitative analysis

*  Determination of equilibrium constant

*  Determination of molecular weight

* Kinetic studies

* Photometric titration

Quantitative analysis;

* is based on the Lambert-Beer law.

* A series of solutions with known concentrations is
prepared and their absorbances are determined.
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* The absorbance values against concentration are plotted
on a graph and a straight line is drawn.

* The unknown concentration is determined using the
formula y=mx+n.

Spectrophotometric caffeine determination;

» First, 5 mg of pure caffeine is weighed and dissolved in
50 mL of water. The resulting

solution has a concentration of 100 pg/mL. Then, the
necessary dilutions are made from this solution.

resulting in 4.0, 8.0, 12.0, 16.0, and 20.0 pg/mL caffeine
solutions, each containing 10 mL

(Dilution calculations will be performed by the students) [5]

The wavelength range in the spectrophotometer is set to
400-200 nm. Standard solutions

The absorbances at 272 nm, where the highest absorbance
is observed in the spectral ranges, are measured and recorded.
Based on these data, the linear regression equation is obtained.

and this equation is subsequently used for the determination
of samples whose concentration is unknown [2,6]

*  The absorbance value of the caffeine-containing sample
whose concentration is unknown is measured using the
same instrument parameters and is determined using
the linear regression equation.

the concentration of the sample is calculated [9]

Calorimetry, The region of the light spectrum with
wavelengths between 400-800 nm is defined as the visible
region. The human eye can detect light within this wavelength
range. This perception is expressed as color and varies
according to the wavelengths contained in the light reaching
the eye. White light contains all wavelengths within this
range. When an object absorbs certain wavelengths of white
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light, the remaining wavelengths determine the object’s color.
For example, an object that absorbs light around 420-440 nm
appears yellow. Absorb no wavelength in the visible region
Objects that reflect all wavelengths appear white, while objects
that absorb all wavelengths appear black. Rays incident on
substances may be absorbed (after which the substance may
fluoresce), they are either scattered by hitting the substance
or through the substance without any interaction they’ll pass.
Rays that the substance does not absorb (rays that are emitted
in the case of fluorescence are also emitted are included), they
form the color of the substance [3]. Therefore, the color of
substances by light absorption there is a relationship Decoupled
between. In the following table, the difference between the
absorbed wavelength range and the color Decembers is shown:
the relationship is given [1].

We provide analysis by using the colors of the various items
in your daily life. For example, a food that wasn’t damaged us
in understanding color will give us an idea whether it is even
tastier. The color of the tea tells us how brewed the tea is, so
which of the substances that give the taste to the tea it gives an
idea about the amount it can be. Just as we can do qualitative
analysis by looking at the color of substances, it is also possible
to do quantitative analysis using color intensity. Because the
color density of substances is proportional to the concentration
of the substance. Using the color of the substance the analysis
performed is called colorimetry.Colorimetric measurements
absorbance in laboratories, usually using spectrophotometers
it is done indirectly through measurements. However, color
measurements are very important colorimeter devices that
directly measure color intensity are used in industries (such
as clothing). Also there are also software that can measure the
color intensities from images, and thanks to this, the computer
and colorimetric measurements can be made easily using
mobile phones [6].
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Colorimetric Fe** Analysis;

In this experiment, visual determination will be performed
to roughly estimate the concentration of an Fe** sample. In
this method, the concentration of the sample to be analyzed
is determined by preparing standard solutions of known
concentrations and comparing them with the sample. the
color intensities are compared with those of the sample. In
comparison operations, the sample solution its concentration
is determined by observing the harmony of its color with the
colors of the solutions in the standard series. This method can
be used when very precise results are not required and simple
analyses will suffice [5].

For the colorimetric analysis of a sample containing Fe*",
Fe’* standards:

* 0.006 g of FeCl,.6H,O compound is weighed and 3
mL of concentrated HCI is added to it; the volume is
brought to

50 milliliters with pure water to prepare the standard Fe**
solution.

e From this solution, 1 mL, 2 mL, 3 mL, 4 mL, and 5 mL
are taken sequentially into tubes numbered 1 to 5,

and diluted to 10 mL with pure water.

Fe*" sample:

* 10 mL of the sample is transferred to another test tube.
K, [Fe(CN),].3H,0 solution:

* 10 mL of'a 3.0 mM solution of potassium ferrocyanide,

which will form a colored product upon reaction with
Fe,_, is prepared.

Experiment:

* 1 mL of potassium ferrocyanide is added to each tube
(standards and sample).
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The tubes are shaken thoroughly [5,8].

e A color that darkens in different shades of blue in the
tubes where the standards are located

the calibration sequence is obtained. Between which
standards the color of the sample containing Fe*" should be
Decolored

it is determined that it corresponds. According to this, what
is the concentration of Fe*" in the sample

it is found to be in December. (Molecular Weights:
K [Fe(CN),].3H,0 = 422.39 g/mol,

FeCl,.6H,0=270.30 g/mol, Fe = 55.85 g/mol)

4 FeCl, + 3 K, [Fe(CN),] — Fe,[Fe(CN) ], + 12 KCI
Prussian blue

Fluorescence Spectroscopy, In the most stable state of
atoms or molecules, electrons fill the orbitals with the lowest
energy levels among the different energy levels, and this state
is called the lowest energy state, the stable state, or the ground
state [3].When energy is applied externally to a species in its
ground state, electrons can absorb this energy and transition to
higher-energy orbitals. This state is unstable and is called the
excited state [7,9]. Excited-state unstable species return to a
stable state by releasing this absorbed energy through various
means. This is the energy the fact that its emission is in the
form of light is called luminescence, and the field of science
that studies this light is also luminescence spectroscopy is
called [1,2]. Luminescence depends on the spin of the electron
in the excited state it occurs through two different mechanisms;
fluorescence and phosphorescence. If you have been warned,
the spin of an electron that has switched to high-energy orbitals
is at the basic level with the electron in the opposite direction,
this state is called a singlet state. In the opposite case, that is, the
high-energy orbital if it is in the same direction as the electron
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located at the basic level with the transitioned electron, this
becomes a triplet state the name is given. When molecules or
atoms are excited, they typically transition from the ground
singlet state to the excited singlet state within a very short
time (~10 nanoseconds) emits in the form of light, and this
phenomenon is called fluorescence. Fluorescence event daily
as used in life in fluorescent and neon lamps, in materials such
as highlighters It can also be observed naturally in certain
species of scorpions, corals, and fungi [6,9].

The return from the excited triplet state to the ground state,
which is a less common phenomenon, is relatively longer.
This process occurs over a duration (from 1 millisecond to 1
second) and is called phosphorescence. Some molecules have
been observed to exhibit phosphorescence over much longer
periods. For example, long-term phosphorescence is observed
in materials such as glow-in-the-dark toys, lamp switches. Also,
naturally, some marine species such as jellyfish, crab, octopus
phosphorescence is also observed in living things. Regarding
the source that provides the energy required to excite the
species in the luminescence phenomenon, luminescence may
be referred to by different names. For example, light energy to
excite molecules [2].

When used, it is called photoluminescence if activated by
light, electroluminescence if activated by electrical energy,
chemiluminescence if activated by chemical reaction energy,
bioluminescence if activated by biomolecules in living
organisms, etc [4].

Stimulated species radiate the energy they absorb during the
return to the basic state in a way that as well as they can lose
(fluorescence and phosphorescence), there are various types
that they can lose without radiating mechanisms exist, and
this energy loss typically occurs in the form of a mixture of
radiative and non-radiative mechanisms. The more dominant
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radiative mechanisms are, the more as much fluorescence
or phosphorescence is observed. In the opposite case,
fluorescence and/or phosphorescence may not be observed. In
irradiation-free relaxation mechanisms, usually stimulated the
electron loses its energy in the form of heat by using transitions
between vibrational levels. Dec.In fluorescence propagation,
molecules absorb energy due to irradiation they emit a lower
energy. Therefore, fluorescence spectroscopy is sent to the
molecule fluorescence is observed at wavelengths longer than
the wavelength of light. This is higher the phenomenon of a
shift to wavelengths is called a Stokes shift. The main factor
determining fluorescence is the molecular structure and the
fluorescence emission of a molecule to get an idea of what that
substance is by using the wavelength of the light it makes it may
be possible. Therefore, fluorescence spectroscopy can provide
information in qualitative analyses. Although the molecular
structure is the primary factor determining fluorescence, the
solvent used, temperature, pH [1,4,8].

External factors such as dissolved oxygen also affect
fluorescence intensity. In dilute solutions, a direct
proportionality can be established between the concentration
of the molecule and the fluorescence intensity:

F=kC

Here, F is the fluorescence intensity, k is the fluorescence
constant, and C is the concentration of the substance. This
equation shows us that quantitative analysis can be performed
using fluorescence intensity measurements in dilute solutions.
Devices used in fluorescence spectroscopy, UV-visible region
absorption although they are similar to the devices used
in spectroscopy, there are some differences [9].Firstly In
absorption spectrophotometers, the portion of the light directed
at the sample that passes through without being absorbed is
measured, so the light source, sample, and detector are aligned
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in the same direction. Fluorescence in spectrophotometers, it is
measured that the sample absorbs the rays and then emits them
90° to the detector sample chamber as requested it is placed at
an angle. So from the light source The rays that emerge and
are not absorbed by the sample do not reach the detector; only
the fluorescence emitted by the sample is measured. The light
that will reach the sample and the light emitted by the sample
To select the wavelengths, both a pre-sample and a post-sample
wavelength selector (usually a monochromator) is used [6].

SPECTROPHOTOMETRIC DETERMINATION OF
RIBOFLAVIN (VITAMIN B2)

First, weighed 2,5 mg of pure riboflavin and 50 ml
acetic acid solution (0.02 m) soluble (it may take longer
Solubility and dissolution by using heat or ultrasonic bath
the process can be accelerated, if it is to be heated, a glass
material suitable for heating should be used). Obtained the
concentration of the resulting solution is 50 ug/ml. Then the
necessary dilutions from this solution are by preparing 0.2;
0.5, 1.0; 1.5 and 2.0 ug/mL riboflavin solutions, each in 10
mL volumes. is prepared (dilution calculations will be done
by the students). Fluorescence In the spectrophotometer
device, 450 nm is selected as the excitation wavelength and
the emission range is set to 460 - 800 nm. The slit December
is 5 nm and the photointroductor tube voltage is 700 V he
will be elected. The highest fluorescence in the fluorescence
emission spectra of standard solutions the intensity at 526 nm,
which is their intensity, will be measured and noted. Based on
these data, linear the regression equation will be obtained,
and this equation will then be applied to the samples whose
concentration is unknown it will be used for determination.
Of the sample containing riboflavin, the concentration of
which is unknown (multivitamin tablets, energy drinks vs) The
fluorescence intensity is measured using the same instrument
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parameters, and the concentration of the sample is calculated
using the linear regression equation [6,7].

Polarimetry, Substances that rotate the plane of polarized
light to the right or left are called optically active substances.
Those that rotate the plane of polarized light to the right are
called dextrorotatory, while those that rotate it to the left
are called levorotatory. A plus (+) sign is placed in front of
compounds that rotate to the right, and a minus (-) sign is
placed in front of those that rotate to the left. Optically active
compounds form two types of molecules, one being the mirror
image of the otherMirror these two molecules, which are in
symmetry, do not overlap each other. In this way, each others
mirror molecules with an image are called optical isomers.
The optical isomerism of a substance is for this, there must
be an asymmetric carbon atom. The devices used to measure
the angle of rotation of the plane of polarized light are called
polarimeters [1,2].

The polarimeter is used for the determination of molecular
sizes and concentration amounts and for the determination of
foodstuffs. it is used in their control. The polarimeter consists
of two polarizers: one fixed and the other rotatable in a vertical
plane. The fixed polarizer, made of calcite crystals, is called
the polarizer, while the rotatable one is called the analyzer. (4
polarizer is an instrument that transforms an unpolarized beam
into a beam with a defined polarization). Light falls kutuplanara
polarizor get in on the analyzer. The light passed through the
analyzer konan article turns the plane of polarization of light.
The amount of translation, the analyzer light again it is found
by rotating so that it does not pass. Thus, the different rotation
angles of the substances can be found. These angles optically
indicate the amount of activity.
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FACTORS AFFECTING THE ROTATION ANGLE;
* Temperature

* The wavelength of the light used (the smaller the
wavelength, the greater the translation angle

it becomes big).

»  The length of the path through which light passes
o The structure of the substance

o The concentration of the substance

The purpose of the method in polarimetry is to determine
the concentration using the measured rotation angle.

since it is, the work to be done is to keep the factors other
than my concentration constant and turn the angle with my
concentration

it is to establish a connection Decoupled between [6].

The compound bound to the asymmetric carbon atom is
also optically active.

Optical activity is the ability of a substance to deflect
polarized light from its initial plane.

When planar-polarized light interacts with asymmetric
organic or inorganic compounds,

the plane of the polarized light changes angle.

If the angle change results in the plane of the polarized light
rotating clockwise, i.e., to the right, this

The rotation in which the direction is dextrorotary (+) is
called rotation, while the opposite rotation is called levorotary
(-) rotation [7].

Each of the optical isomers that rotate the direction of

polarized light to the right or left is called an enantiomer of
the other
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DETERMINATIONS MADE WITH A POLARIMETER
*  Determination of molecular sizes,

*  Determination of substance concentrations,

*  Quality control of food products [4],

*  Determination of purity of substances produced in
scientific research,

APPLICATION AREAS OF POLARIMETRY

* Pharmacy, Measuring the concentration of some optically
active compounds in manufactured medicines

used for.

* Cosmetic Industry; In the supervision of essences and
aromatic oils used and

it is used in quality control.

* Food Industry; In the quality control of the produced
foods and the top and bottom of additives
it is used to determine the boundaries. In foods that
usually contain sugar the optical activity of the
substances is taken advantage of [6].
GLUCOSE MONOHYDRATE ASSAY
* 1 M stock solution is prepared. (19.817 g of glucose
monohydrate is weighed and dissolved in water, and the
solution is diluted to 100

The ML balloon is completed to 100 ml in jojede)

*  Based on this stock solution, 0.1 M, 0.15 M, 0.20 M, 0.25
M and 0.50 M are standard

solutions are prepared [4].
»  The sample whose concentration is unknown will be
given to you by your responsible assistant.

»  The small tube is filled with pure water until there are
no air bubbles left, and it is placed exactly in the center
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of the device's reading compartment, then the cap is
closed. Through the device s microscope hole, the color
of the dual compartments is adjusted to match. If the
compartment on the right side is dark, the color press
the LEFT key until it is synchronized, and if the pane
on the left side is darker, until the color is synchronized
until the RIGHT key is pressed. In other words, it is
set by pressing the R and L keys. Colors Once they are
equalized, the ZERO SET button is pressed. The screen
displays a red zero count. The samples to be analyzed
are then placed in the reading compartment of the
tube without any air bubbles remaining. By looking
through the microscope glass, the colors of the two
compartments are adjusted to be equal, and the red
numbers displayed on the screen are recorded.

The recorded values are plotted against concentration
to generate a calibration graph [5].

and the regression equation is calculated. (Excel can be
used for this)

The given sample is measured in the same way, and
the obtained value is substituted into the regression
equation. by replacing it, the concentration of the
sample is calculated.

Refractometry is an instrumental method that uses the

refraction property of substances to refract light it is one of the

methods of analysis. Refractometer for the instruments used in

the determination of refractive index is called.

Refractive index (refractive index), such as the boiling

point, melting point, density of a substance

it is one of its physical properties and has a refractive index

specific to each substance.
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By utilizing this property, substances can be identified, and
both qualitative and quantitative analysis can be performed
by exploiting the relationship between refractive index and
concentration

Refractive Index:

The refractive index of a substance is determined by
measuring the (refraction) of a parallel beam of light as it
changes direction when passing from one medium to another.

The refractive index of a substance depends on the
wavelength of the radiation used, temperature, concentration,
and pressure

The refractive index is usually measured in transparent
objects. For example, the refractive index of organic liquids
varies between 1.25 and 1.80, while in solids this value is
between 1.3 and 2.5.

The angle of incidence of the beam is proportional to the
beam's speed and the refractive index. Knowing the angles of
incidence and reflection

in the case of, the ratios of the refractive indices of the two
media can be found. Or the refractive index of a medium

if it is known, the index of the other medium can also be
calculated thanks to this correlation.

The movement of the beam in regions with different
refractive indices occurs as follows:

*  When the beam passes from a low-dense environment
to a very dense environment, no matter what angle it

comes from, it returns to normal
he breaks by approaching and passes to the second medium.

*  When rays pass from a medium of high density to one of
low density, the angle made by the ray with the normal
increases. Incidence when we gradually increase the
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angle, the angle of refraction also gradually increases
in parallel.

When the angle-increasing process continues, a point
is reached at which the incident rays proceed parallel
to the surface separating the two media. That is, the
refraction angle becomes 90°. Thus,

the angle of arrival is called the boundary angle(critical
angle).
If the beam takes a value smaller than the critical angle,
reflection region of the result is brilliant

occurs.

If the ray arrives at an angle greater than the critical
angle, it cannot pass into the second medium and
instead returns to the medium from which it came

by making an angle equal to the normal. This is called
total reflection.

Here, a strong (dark) region forms from the point where
the boundary angle is formed. The refractive index is
calculated based on the line separating the bright and
dark regions.

Abbe Refractometer

The Abbe refractometer is the most convenient and most

widely used refractometer. Two on the Abbe refractometer

the substance to be determined the refractive index is placed

between the prism as a liquid film. Dec. Prisms are used inside

the refractometry device. The incident light passes through the

sample and arrives at the prism at different angles.

If the incident angle is smaller than the critical angle, a

bright region forms. If the incident angle is larger than the

critical angle,
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A dark region forms. The boundary between the dark and
bright regions corresponds to the critical angle. Applications
of Refractive Index Measurement

*  Refractive index E.N and K.N. is one of the constants
used in determining the concentration of a chemical
species

* It is used in industry for purity control. From the
relationship between refractive index and concentration,
concentration determination can be made.

It is also used in sugar analysis, silica dioxide
determination in glass, and aromatic hydrocarbon
analysis in petroleum. The refractive index is utilized.

Experimental Procedure:

»  From 1%, 2%, 3%, 4%, and 5% glucose solutions, add
1% glucose to the Abbe refractometer sequentially.

A few drops of the glucose solution are dropped onto the
prism, and the other prism is covered. The diffused glucose
solution is observed through the lens, and dark and light
regions are observed. Dark and When the hairline separating
the bright region is positioned exactly at the center of the
crosshair, the refractive index is read.

*  Before measuring the refractive index of other solutions,
the prisms are thoroughly cleaned with distilled water
and a 2%

The measurement is performed by dropping 2 drops of the
solution onto the prism. This procedure is repeated for other
solutions and the refractive indices are recorded.

* The values of the refractive indices of glucose solutions
are transferred to the table and the calibration equation
is can be found. In this equation, the concentration of
the unknown glucose solution is determined by is done.
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Separation Techniques

The samples that need to be analyzed are mostly in a mixture
of different substances

they are found. The analytical signals given by these
substances in the mixture are usually

they influence each other, that is, make an attempt. Therefore,
before performing qualitative or quantitative analysis of
such samples, the components present in the sample must be
separated from each other.

For example, the analytical signal of an excipient in a
pharmaceutical preparation is that of the active ingredient.
If it is interfering with the signal, removing the interfering
substance from the environment will eliminate this problem. may
be removed. Or, in a pharmaceutical preparation containing
two active ingredients, A and B, the active ingredients A and B
may be affecting each other’s analytical signals. In this case,
ingredient A While components A and B can be separated from
each other, their analyses can be performed in their pure forms
[5]. Thus, no interference occurs. Another example can be given
from cation analyses. Barium in the sample subjected to the
flame test and if there are calcium cations, then due to the green
color that barium gives to the flame, calcium has a flame the
tile red color it gives may not be selected. Therefore, the steps
of systematic analysis are by adding acetic acid and potassium
chromate to the medium, barium chromate precipitates, while
the calcium cation remains in solution. After centrifugation, the
resulting The supernatant (filtrate) will not contain barium and
will only show a brick-red color in the flame. The precipitate,
on the other hand, will not contain calcium and will dissolve
in acid; when tested with the flame test, only a green flame
will be observed. Thus, the analysis of these cations shows
that the other cation present in the sample it will be performed
without being affected by the signal (flame color). Separation
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techniques are often used for the analysis of samples found in
the mixture it is taken advantage of. Precipitation, filtration,
crystallization, extraction, distillation, chromatography are
the most it is one of the separation techniques used [7,9].

Chromatography,To separate the various substances
in the mixtures from each other and thus to qualitative
and quantitative analysis one of the separation techniques
that allows is chromatography. In all chromatographic
applications, the so-called “‘fixed phase” and “‘moving phase”
are connected to each other and there are two separate phases
(media) that do not mix. The stationary phase stays stationary
in the assembly, the moving phase (The mobile phase), on the
other hand, is in motion over the stationary phase. Separation
occurs based on the interaction of the substances in the mixture
with the stationary phase and the mobile phase. The purpose of
the stationary phase is to retain the substances. Retaining the
sample by holding it in place, while the purpose of the mobile
phase is to drag the substances along with it by moving them
[5,7].Thus, in chromatography, there are two components that
operate with opposite purposes present. While the mobile phase
carries the substances along, the stationary phase attempts to
retain them. Each substance in the mixture interacts with the
stationary phase and the mobile phase at different rates. and
therefore they are dragged at different speeds. The substance
with the highest affinity for the stationary phase will move the
slowest and be retained the most. The substance with the
highest affinity for the mobile phase will on the other hand, it
will be the substance that drifts the fastest, therefore the least
detained. Migration of substances the fact that their velocities
are different, the molecules of each substance are grouped on a
constant phase by it causes it to progress. Thus, the substances
in the mixture are separated from each other. Chromatography
was first used in 1906 by the Russian botanist Mikhail Tswett.
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Tswett filled a glass tube (column) with calcium carbonate and
placed it vertically in this setup. In the glass column, he placed
the leaf extract prepared in petroleum ether. he poured the
extract, then continued to pour only petroleum ether into the
column of the extract in it he made his way downward. The
extract has only a single shade of green at the very beginning
[3]-

However, as we progress along the column, it begins to
separate into different shades of green and yellow. The reason
for this is that the leaf extract contains compounds that are
distinct from each other. It is the progression of molecules
such as a-xanthophyll, p-xanthophyll, a-chlorophyll, and
[-chlorophyll, which possess distinct colors, through the
column at different speeds by forming colored groups within
themselves. Tswett, this is chromatography (chroma-to), which
means writing in color (chroma) to the method (graphein)-he
gave his name to the graph. Each differently colored compound
eluted from the column was collected in a separate beaker,
allowing qualitative and quantitative analysis to be performed
[4,6].

The components that make up the apparatus developed by
Tswett are as follows.

o Stationary phase: calcium carbonate
*  Mobile phase: petroleum ether (also the sample solvent)
o Sample: extract containing leaf pigments

*  Analytes: o-xanthophyll, p-xanthophyll, o chlorophyll,
and p-chlorophyll

Separation mechanisms in chromatography

Chromatography methods can be grouped according
to the chemical mechanism of the separation performed as
adsorption, partition, ion exchange, molecular exclusion, or
affinity chromatography.
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The most important of these separation mechanisms are
adsorption and partition.

Adsorption is the phenomenon of substances adhering
to solid surfaces. Where the stationary phase is a solid. The
separation principle in chromatographic systems is adsorption.
In these systems, the stationary phase is a It acts as an
adsorbent. Substances passing over the stationary phase along
with the mobile phase are adsorbed onto the stationary phase
with different forces. Substances that are strongly adsorbed
move slowly when they are drifting, the substances with weaker
adsorption are carried faster by the effect of the moving phase
they drift. Thus, substances whose interests to the adsorbent
(adsorption powers) are different they will be separated from
each other. Partition is the process by which a dissolved
substance distributes itself between two immiscible fluids. It
occurs in two liquids that are in equilibrium and dissolved
in each other. it gives information about the concentrations/
amounts of a substance found in these phases. For example,
100 the system comes to equilibrium after the unit A substance
is dissolved in a mixture of octanol and water [4,6,7].

When it is expected that 80 units of substance A are present
in octanol and 20 units of substance A are present in water, this
means that 80% of substance A is distributed in octanol. The
partition coefficient of each substance the ratio is different for
each liquid pair. This ratio indicates which liquid phase of the
substance in question is of interest to it also gives information
about being high. In this example, the interest of substance A to
octanol is more it’s too much.

In chromatography systems based on partition mechanisms,
the stationary phase is liquid, while the mobile phase is liquid
or gas. In these systems, a liquid layer coated as a film on a
solid surface is most commonly used as the stationary phase.
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The substances present in the sample are soluble in both
phases, but since their distribution rates differ, they separate
from each other by moving at different speeds on the stationary
phase. For example, a substance with high partitioning in the
mobile phase matter moving more together will move faster,
with a high partition in the stationary phase the substance will
be detained for a longer time [1].

Classification of chromatographic methods
According to separation mechanism (Based on stationary
phase type)
1. Adsorption chromatography (Stationary phase: solid)
a) Liquid-solid chromatography (mobile phase: liquid)
b) Gas-solid chromatography (mobile phase: gas)
2. Partition (adsorption) chromatography (stationary
phase: liquid)
a) Liquid-liquid chromatography (mobile phase: liquid)
b) Gas-liquid chromatography (mobile phase: gas)
3. lon exchange chromatography
4. Molecular sieve chromatography
5. Affinity chromatography
According to the mode of application
1. Planar
a) Paper chromatography
b) Thin-layer chromatography
2. Column
a) Column chromatography
b) Gas chromatography
¢) High-performance liquid chromatography
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PAPER  CHROMATOGRAPHY AND  THIN-LAYER
CHROMATOGRAPHY

CHROMATOGRAPHY

One of the simplest and oldest chromatographic methods
is paper chromatography. Chromatography its paper is a kind
of filter paper and acts as a fixed phase. As a moving phase,
it is different solvents and a mixture of them can be used.The
only difference between thin layer chromatography (ITC) and
paper chromatography is as a fixed phase an adsorbent such
as silica, alumina coated in a thin layer on a smooth surface
is used. This stationary phase assembly is called the ITK plate.
ITK comes in different sizes and in thicknesses, with different
substances in the desired polarity in accordance with the
analysis to be performed there are commercial plates that are
coated.In paper and thin layer chromatography, samples are
placed on the paper/plate, near one end It is applied in small
volumes and the sample solvents are allowed to evaporate [§].

Afterwards, the paper/plate is immersed into the mobile
phase at a level lower than the one at which the samples were
applied. Adhesion force of liquid molecules in the mobile
phase (capillary with the effect), they begin to move upwards,
that is, towards the upper end of the paper/plate. When the
mobile phase molecules reach the points where the samples
are applied, the sample they dissolve their molecules and drag
them with themselves. The different substances in the samples
are fixed and since their interest in the moving phases will be
different, they are separated from each other by drifting at
different speeds. Substances with a high interest in the moving
phase progress faster and reach the upper parts. Stationary
Components with high affinity for the phase progress more
slowly and are found in the lower regions of the paper/plate. In
paper and thin-layer chromatography, the closed glass vessel
called the development chamber is used as the carrier. After
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the mobile phase is added to a height of approximately 0.5
cm into the material, the lid is closed to equilibrate the entire
volume within the chamber with the mobile phase. A line is
drawn 1.5 cm above the bottom edge of the paper/plate, and
the location where the standards and samples will be applied
is marked on this line. The samples and reference materials
are placed on this line. is applied onto it and its codes are
marked. Never applied to chromatographic paper or plates.
No marking is made with a ballpoint pen; a pencil is used.
The paper/plate is then placed inside the tank and the tank lid
is closed. The mobile phase moves a certain distance on the
paper/plate. when it reaches the height, the line level reached
by the moving phase is also marked by removing it from the
tank. The outer boundaries of the stains left by the substances
found in the analyzed sample are also lead it is marked with
a pencil. If the substances being analyzed are colored, their
path will be easily visible. To determine how far colorless
substances have traveled, a mark is made on the paper/plate at
the starting point. The paper/plate may need to be treated with
reagent spray or examined under UV light [7,9].

The resulting paper/plate is now a chromatogram. This
chromatogram by looking at which substances have a higher
interest in which phase, whether a sample is pure (pure samples
have a single stain, while mixed samples have more than one
stain), whether two different samples come from the same
source (similar samples the chromatogram patterns they give
will be similar), can be detected. In the same time By comparing
the stains produced by the sample with the standards’ stains, it
can be determined which substances a sample contains. The
most objective approach for such analyses is the comparison of
retention factors. In paper and thin-layer chromatography, the
retention factor (Rf) of a substance is the ratio of the distance
the substance travels to the distance the mobile phase travels
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from the baseline. In paper and thin-layer chromatography,
by comparing the retention factors of substances, it can be
determined whether these substances are the same or not. For
example, in the above case [6].

In the chromatogram, there are two spots produced by
sample D. Since these spots have retention factors that are
the same or very close to the retention factors of substances
A and C, we can say that sample D contains substances
A and C. The retention factor of a substance depends on its
physicochemical properties, the stationary phase used, the
thickness of the stationary phase, the mobile phase used, the
ambient temperature, and whether the column is saturated or
not. The distance traveled by the substance on the paper/plate
is determined by the level of the mobile phase in the tank ,
the time the paper/plate spends in the tank, and consequently,
the distance traveled by the mobile phase. It depends on the
distance. Therefore, in paper and thin-layer chromatography,
when comparing unknown samples and references, it is
preferable to conduct the experiments simultaneously using the
same setup [5].

Scenario : In a suicide case, a letter is at the bedside of the
victim and a tablet is on his pillow fragments have been found.
The police suspect that the incident was a murder, not a suicide.
Police, for you to examine these tablet fragments, the ink stain
on the letter and the three suspects he sent the black ink pens
that were on it. You need to give it to the prosecutor The report
States which suspect’s pen the ink on the letter belongs to,
which active ingredients were found in the fragmented tablet
pieces and whether these you need to explain how you came
to the decision. It will be studied in groups of three people.
Students personal protection in the laboratory they will come
with materials (apron, glasses, gloves) [3].
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Steps to Follow:

Two beakers, one of which you will use as a solvent tank
for paper chromatography

after putting enough ethanol to the liquid level to be 0.5
cm, cover it with an hour glass

turn it off.
Ink analysis: Paper chromatography

The baseline as chromatography paper and the ink
stain found at the crime scene

(X) you will receive a filter paper that is enclosed. Hold
the edges of this paper
and try not to touch its surface as much as possible.

The parts marked as A, B and C on the starting line are
coded A, B and C

create the ink stain with the pens taken from the suspects.
You will Create

Ensure that the spots have the same shape, thickness,
and length as the X-coded spot.

Gently place the paper into the solvent tank (beaker).
The ethanol in the beaker is shaken.

If you place it in this condition, your mobile phase will
not advance at the same level across the plate.

Cover the beaker s opening with a watch glass.

Wait for the mobile phase to rise approximately 4/5 of
the way up the paper.

Remove the paper from the beaker and mark the level
reached by the mobile phase (the end line) with a pencil.

Wait for the paper to dry.

* Tape your chromatography paper to the place indicated

on your report page. (Other in the group students should
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place the chromatography paper and the resulting spots
on the report page as a representation they will draw.)

* Answer the questions on the report page.

Drug analysis : Thin Layer Chromatography

A prelude to the ITK plate given to you so that it is 1.5
cm above the bottom edge draw the line. (With a pencil!)

The three active ingredients that you will apply to the
plate as a standard substance are an unknown there
will be a sample. That is why the starting line is equal
from the edges and from each other write the codes of
the samples under them by making 4 small markings at
a distance. (Plates grab the edges and try not to touch
the surface as much as possible.)

To the points you specify the standard substance and
sample solutions on the plate you will use glass capillary
tubes (capillary) to apply. The same for each be careful
to take a solution in volume, for this, when you immerse
the containers in the solution how far the solution goes
in the containers, and how far when applying it to the
plate you need to be careful when it lands.

Wait for the spots to dry, that is, for the solvents of the
samples to evaporate.

Gently place the plate into the solvent tank (beaker).
The ethanol in the beaker is shaken.

If you place it while it is in this state, your mobile phase will

not advance at the same level across the plate.

(ATTENTION! The ethanol level in the tank must be high
enough to wet the lower end of the plate, but low enough not to

touch the spots you have formed.)

* By closing the mouth of the beaker with a watch glass,

the moving phase is up to about 4/5 of the plate wait for him

to come out.
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*  Remove the plate from the beaker and mark the level
reached by the mobile phase (end line) with a pencil on
the area.

»  Wait for the plate to dry.

*  Place the dried plate under a UV lamp and draw the
boundaries of the formed stains with a lead pencil.

o Stick your license plate to the designated area on
your report sheet. (Other students in the group will
draw the ITK license plate and any stains on it as a
representation on the report sheet. )

*  Answer the questions on the report sheet.
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

High-performance liquid chromatography (YPSK or
HPLC), substances in a mixed state a modern device used to
distinguish, diagnose and determine quantities from each other
and this is the name given to the method in which the device
is used. YPSK enables the automated performance of column
chromatography on an device and its analytical measurement.
Pharmaceutical active ingredients in pharmaceutical
preparations, degradation products in pharmaceutical
preparations and impurities, drug molecules in the blood
and metabolites of these molecules, drugs contain Effective
compounds, the chemical composition of foods, enzymes in
the organism, amino acids, proteins, polysaccharides, etc.
are frequently used for the quantification of many analytes.
YPSK, many It is the most important instrument in quality
control laboratories for the industry.In high-performance
liquid chromatography, a stainless steel column is coated with
a liquid phase [5].

VOLTAMMETRY AND POLAROGRAPHY

Based on the measurement of the current as a function
of the potential applied to the electrode the electrochemical
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method is called voltammetry. Voltammetric experiments are
conducted in an electrochemical cell and typically use a three-
electrode system. These electrodes are the working electrode,
reference electrode, and counter (auxiliary) electrode. Working
in voltammetry method a potential is applied between the
electrode and the reference electrode, the value of which
Decelerates over time, and the current between the working
electrode and the Decelerating electrode is measured.
Measured the applied potential the graph against the current
value is called a voltamogram. In voltammetry, any substance
December of the potentials that can be applied to study the
electrochemical behavior, the study its electrode depends on
the type of solvent and electrolyte [2].

Polarography, the first of the voltammetric methods, was
discovered in 1922 by the Czech chemist Jaroslav Heyrovsky

, and he won the Nobel Prize in Chemistry in 1959 for
this invention. In polarography, an important branch of
electrochemistry, in a different way from voltametry,

a dripping mercury electrode is used as a working electrode.
Applied in this method the graph of the potential against the
measured current value is called a polarogram. After the
substance to be analyzed begins to react with the electrode, at
the potential against the smallest change that may occur, the
increase in current will be rapid. The size of the current It is
limited by the rate at which the electroactive species reaches the
electrode surface, and for this reason, no increase is observed
beyond a certain potential value. The current magnitude
in this region where no increase is observed is called the
limiting current (C-D).A small current before the electroactive
substance reacts with the electrode. is observed. Causes such
as charge buildup in the electrical double layer and impurities
in the solution thus give rise to this current magnitude, which is
called the residual current (A-B). The magnitude of the current
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in this region is called the diffusion current (id) . Diffusion the
potential corresponding to half of its current is called the half-
wave potential (E1/2). Voltammograms and polarograms are
both qualitative (qualitative) and quantitative (quantitative) of
the substance it allows us to do the analysis:

1) There is a certain half-wave potential for each substance
under certain conditions. Half wave potentials are qualitative,
since they are characteristic for electroactive substances they
are used in analysis.

2) They are used in quantitative analysis by exploiting
the property that the diffusion flux is proportional to the
concentration. This relationship is given by Illkovich s equation:

id=0605nD

172Cm

2/3t

1/6

id: diffusion current

n: number of electrons involved in the electrode reaction

D: diffusion coefficient of the solute

C: concentration of the solute

m: mercury mass in mg/s

t: drip time in s

605: a number containing the geometry of the drop and the
Faraday constant

While the other parameters for the electrode and the
substance used in the lIlkovic equation are constant, the id
value is there is a linear relationship between C and Dec
(id = k x C). It is different by taking advantage of this the
calibration obtained by the measured current values of the
standard substances in the concentrations based on the

equation, the amount of substance in the unknown sample
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can be calculated. In quantitative analysis, the id values read
for solutions of known and unknown concentration are also
quantity determinations can also be made by proportioning:

Drug Analysis by Voltammetric Method

In this experiment, the concentration of the drug solution
being administered will be determined by voltammetry.
For this purpose, first, five different concentrations will be
prepared from the stock solution of the drug active ingredient.
by preparing the solutions, the current values will be measured
and the countercurrent to the concentration will be accurately
obtained it will be done [8].

A stock solution of the active substance standard contained
in the drug sample will be prepared (1x107° M).

Based on this stock solution, 2x107° M, 4x10° M, 6x10° M,
8x10° M, and

I1x10* M

The analysis solutions will be prepared in a H2SO4
supporting electrolyte medium. Each one will be The measured
current value will be plotted against concentration values to
obtain the correct equation to be determined. The measured
current value of the given sample (whose concentration is
unknown) will be substituted into this equation to calculate the
sample’s concentration.

CONDUCTOMETRIC TITRATION (CONDUCTIVITY
TITRATION)

Conductivity (C) is the measure of the ability of a substance
to conduct electric current. C = 1/R That is, it is the reciprocal
of resistance(R) Unit: S.m-1 (The Siemens unit is named
after the German scientist and inventor Werner von Siemens)
As is well-known, pure water does not conduct electricity;
theoretically, its conductivity is zero because it contains no
ions [5].
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Itis said that there is none. However, in practice, even though
there are very few ions left in pure water, a conductivity reading
of around microsiemens (uS) is obtained. Whether a water is
pure or not can be determined by looking at its conductivity
value. For example, the conductivity of ultrapure water is
0.055 uS/cm, while the conductivity of distilled water is 0.5
uS/cm. When near the coast, this value in sea water is around
56,000 uS/cm.The conductivity imparted to the solvent by the
ions depends on the solvents properties such as viscosity, and
the solute. It varies depending on the number, size, and charge
of the ions. The analysis method based on conductivity changes
in solution is called conductivity measurement. (conductivity
measurement) is called. Instruments used for conductivity
measurement are called conductometers. Conductometers
consist of an electrical source, a conductivity cell containing
the analysis solution, and a consisting of a resistance meter.
The most sensitive part of the device, the conductivity cell,
typically uses platinum electrodes coated with platinum black
[3]-

Titrations in which the inflection point is determined by
utilizing changes in conductivity during the reaction of an
unknown-concentration sample (analyte) with a titrant of
known concentration it is called conductometric titration.
Conductometric titration method, dark color or clear it is quite
suitable, which is widely used in the analysis of non-solutions
and precipitation reactions it is one of the methods. Titration
of a Strong Acid with a Strong Base In the titration of a strong
acid with a strong base, HCI and NaOH solutions can be used.
50 mL of the prepared analyte (strong acid (HCI)) solution is
taken and the conductometer is it is placed in the conduction
cell. The initial conductivity is measured. The magnetic mixer
is activated. The titration is started by adding drops of the
titrant (NaOH) solution from the buret. After each 0.1 —0.2 mL
of titrant is added, the conductivity is measured. Conductivity
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values are plotted on the Y axis of the coordinate plane, and
titrant volumes in milliliters are plotted on the X axis of the
coordinate plane.In the titration of a strong acid with a strong
base, as NaOH is added, the hydrogen ion concentration
decreases, causing the conductivity to decrease rapidly up to
the equivalence point. Equivalence After this point, since there
will be excess hydroxyl ions in the environment, conductivity
will increase rapidly again. Using the amount of NaOH at the
equivalence point obtained from the graph, the concentration
of the analyzed acid is determined [7].

Calculations

These values obtained for determining the equivalence point
are uploaded to a data processing program such as “Microsoft
Excel” or “Open Office Calc”. The data is divided into two
parts: the sections where conductivity decreases and the
sections where conductivity increases. The correct equations
for these two separate data groups are derived, and these two
equations are set equal to each other to find the intersection
point of the lines. The x value found is the equivalence point.
For example;

When the two linear equations y = 150x + 47.6 and y =
-150x + 211.2 are equated to each other:

150x +47.6 =-150x + 211.2
300x = 163.6
x = 0.545 is found.

NOTE: These calculations can also be performed using the
linear regression functions of scientific calculators.

POTENTIOMETRY

A comparison(reference) electrode and a suitable
study(indicator) electrode was created with quantitative
analysis of ions in the solution of the cell using voltage values
measured in the electrochemical cell its analysis is called



GONCA KAVGACI
52 |

potentiometry. Electrochemical cells are the cells in which

redox reactions occur. Potential in these cells in order for it

to occur, redox reactions, i.e. electron transfer, are required.

Electrode Their potential cannot be measured absolutely, but

by comparing it with the potential of the reference electrode the

potential difference between them is measured [6].
Advantages of the Potentiometric Method,

e In cases where a suitable colored indicator is not
possible,

o Fordark-colored or very dilute solutions
*  Can be used for the analysis of two or more components

Electrodes are important because potential measurements
are essential in potentiometry. A potential in the measurement;
reference electrode,indicator electrode are used.

Reference Electrodes:

The potential of the reference electrode is constant and
unaffected by the applied external potential.

An ideal reference electrode;

1. must be reversible and comply with the Nernst equation

2. It must be able to return to its original potential after
being exposed to a small current.

3. It must not be affected by temperature changes.

*  Calomel and Ag/AgCl electrodes are the most commonly

used reference electrodes.

Indicator Electrode (Working Electrode):

These are electrodes whose potential varies depending
on the solution composition and are used together with a
reference electrode . The potential of the electrode is affected

and changes with the applied external potential. Membrane
electrodes (glass electrode, ion selective electrodes v.b) and
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metal electrodes are examples of this class [8].
* Metal Electrodes:

Class I Electrodes: These are metal electrodes that are in
equilibrium with their own ions in solution.

» Zn metal immersed in a solution containing Zn2+ ions

» Ag metal immersed in a solution containing Ag+ ions

* Cu metal immersed in a Cu2+ solution

1I. Class Electrodes: Metal in equilibrium with a saturated
solution of a slightly soluble salt

they are electrodes.

» Ag metal in equilibrium with a saturated solution of AgClI

* Hg metal in equilibrium with a saturated solution of

Hg,Cl,

1II. Class Electrodes: With a saturated solution of two
slightly soluble salts with the same anion or metals that are
also in equilibrium with a solution containing two complex
ions with the same ligand

* Saturated solution of Hg ,C,0, salts

= Saturated solution of CaC,0, salts

* Hg metal

* Membrane Electrodes:

These are electrodes that are sensitive to specific ions.
The most important of these is the glass electrode. The glass
electrode; is an electrode sensitive to H+ ions and is used
in pH measurement. Today, glass electrodes in pH meters
are used in combination with a calomel electrode in the
form of a bubble made of special glass containing a specific
concentration, usually 0.1 M HCI solution is present, and an
Ag/AgCl electrode is immersed in it. This electrode is immersed
in the solution. At this moment, a potential is generated due to
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the concentration difference between the two solutions. This
potential is the reference It is read against the electrode. The
potential difference formed depends on the pH of the solution.

Potentiometric Titration:

Potentiometry is an electroanalytical method that is
also used in titration processes. In this method, titration is
performed without the use of an indicator. Because there is no
suitable indicator for the titration of certain substances or the
indicator may degrade in the environment in which it is used.
In acid-base reactions, the ion-selective electrode used is the
glass electrode [2,4].

Experimental Procedure:

Before starting the experiment, the pH meter must be
calibrated with both a basic and an acidic buffer solution.The
acid to be titrated (10 mL HCI) is transferred to the beaker and
30 mL of distilled water is added. The mixture is stirred for a
certain period of time using a magnetic stirrer. First, the glass
electrode is immersed in the solution, and its pH is measured
using a pH meter . The buret is filled with the adjusted NaOH
solution. Then, equal portions are added to it in By adding
NaOH, the pH is measured after each addition, and the volume
of titrant added is plotted on a graph. it is passed. A sudden
increase in pH indicates the equivalence point. Titration after
all values have been read the curve is obtained and the molarity
of HCL is found. The turning point of the curve is precisely To
determine it, the first and second derivative curves are plotted

[6].
2.2.Results

Instrumentalanalysisistheanalysisofthechemical orphysical
properties of analytes (components in the sample) by scientific
instruments and devices (spectroscope, chromatograph, etc.) is
a modern analytical chemistry method in which it is studied
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qualitatively (qualitatively) or quantitatively (quantitatively)
using. Compared to classical wet chemical methods, it provides
high sensitivity, speed, and reliability in the analysis of very
small amounts (trace levels) of substances. Key Features and
Methods of Instrumental AnalysisWorking Principle: Devices
are used that produce a signal proportional to the quantity or type
of component in the sample.Area of Application: Component
identification and concentration determination in sectors such
as environmental (water and soil analysis), pharmaceuticals,
food, casting, and forensic medicine.Basic Method Groups:
Spectroscopic Methods: UV-Vis, IR, AAS, ICP-MS (Light-
matter interaction).Chromatographic Methods: GC (Gas),
HPLC (Liquid) (Separation and Detection).Electroanalytical
Methods: Potentiometry, Conductivity (Electrical Interaction).
Thermal Analysis Methods: DSC, TGA (Temperature Effect).
AdvantagesHigh Precision: Accurate results even at low
concentrations (ppm/ppb level).Speed: Serial and rapid
analysis of large numbers of samples.Minimum Sample:
Analysis typically possible with small sample amounts.Non-
destructive Analysis: Some methods (for example, XRF) can
perform analysis without damaging the sample.
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BOLUM 3

Sanal Laboratuvarlarda Yapilan Kimya
Deneylerine iliskin Yonergeler
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3.1. GIRIS

Sanal Laboratuvar, bir kimya laboratuvarimin g¢evrimigi
simiilasyonudur. Ogrencilerin kimyasal hesaplamalar: gercek
laboratuvar kimyasiyla iliskilendirmelerine yardimci olmak
icin tasarlanmistir. Laboratuvar, ogrencilerin yiizlerce standart
reaktif (sulu ¢ozelti) arasindan se¢im yapmalarina ve bunlar
gercek bir laboratuvara benzer sekilde kullanmalarina olanak
tamir (Ozyériik vd.1994).

Stokiyometri

Mol, Molarite ve Yogunluk

Glikoz Seyreltme Problemi

Bu etkinlikte ogrenciler, sanal laboratuvart kullanarak
standart 1M glikoz c¢ozeltisinden 0,025M glikoz ¢ozeltisi
olusturacaklardir. Ik olarak, karistirilacak 1M glikoz ¢ozeltisi
ve suyun dogru hacimlerini hesaplayacaklardir (Onur,1999).

Asit Seyreltme Problemi

Bu etkinlikte 6grenciler, sanal laboratuvari kullanarak 11,6
M HCI'lik konsantre bir stok ¢ozeltiden 500 mL 3 M HCI
¢oOzeltisi olusturacaklardir. Oncelikle 11,6 M HCI ¢ozeltisi ve
suyun dogru hacimlerini hesaplamalar1 gerekmektedir.

Kola ve Siikroz Konsantrasyon Problemi

Bu etkinlikte 6grenciler sanal laboratuvar1 kullanarak bir
gazli icecek tarifi i¢in sakkaroz ¢6zeltisi hazirlarlar. Ardindan
cozeltilerinin konsantrasyonunu molarite, kiitlece ylizde ve
yogunluk cinsinden hesaplarlar.

Kat: Maddelerden Stok Coziimleri Uretmek

Bu etkinlikte ogrenciler, sanal laboratuvart kullanarak

kat1 tuzlardan baslayarak stok c¢ozeltiler olusturacaklardir.
Ogrenciler dncelikle ¢dzeltiyi olusturmak igin gereken dogru
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katti madde miktarim1 hesaplamalidir. Ardindan ¢ozeltiyi
hazirlarlar.

Bilinmeyen Metalin Tanimlanmasi (Metal Yogunlugu
Problemi)

Bu etkinlikte Ogrenciler, sanal laboratuvari kullanarak
bilinmeyen bir metalin yogunlugunu Olcerek ve dlglimlerini
bilinen metallerin yogunluklartyla karsilastirarak metalin
tiiriinii belirlerler (Piitiin vd.,2008).

Yogunlugundan Bilinmeyen Bir Stvinin Tanimlanmasi

Bu etkinlikte Ogrenciler, sanal laboratuvari kullanarak,
icindeki  ¢ozeltilerin ~ yogunluklarimi  kullanarak  yanlig
etiketlenmis siselerin kimligini belirlemeye yonelik bir deney
tasarlarlar.

Alkol Yogunlugu Problemi

Bir alkol  ¢dOzeltisinin  yogunlugunu  kullanarak
konsantrasyonunu belirleyin.

Reaksiyon Stokiyometrisi ve Sinirlayici Reaktifler

Arsenigin Gravimetrik Yontemle Belirlenmesi
Banglades’teki yeralt1 suyu kirliligi baglaminda ele alinan bu
stokiyometri ve analitik kimya etkinligi, arsenikle kirlenmis
kuyularin belirlenmesiyle ilgili sorunlar1 inceliyor.

Stokiyometrik Katsayilarin Belirlenmesi

Bu etkinlikte &grenciler, sanal laboratuvari kullanarak 4
bilinmeyen maddenin birbirleriyle nasil tepkimeye girdigini ve
bu tepkimelerin stokiyometrik katsayilarini belirleyeceklerdir.

Stokiyometri ve Cozelti Hazirlama Problemi

Bu sinirlayict reaktifler probleminde, Ogrenciler farkl
oranlardaki ¢ozeltileri karistirarak yalnizca 1 iirlin igeren nihai
bir ¢ozelti elde etmeye calisirlar.
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Ders Kitab1 Tarzi Sinirlayici Reaktif Problemleri

Sanal laboratuvari kullanarak cevaplarinizi “tahmin etme
ve kontrol etme” yontemi olarak kullanilabilecek, ders kitabi
tarzinda, reaktiflerle ilgili alistirmalar.

Ders Kitab1 Tarzi Sinirlayici Reaktifler Problemi 11

Bu etkinlikte Ogrenciler, sinirlayict reaktifler igeren
deneylerle pratik yapacak ve bilinmeyen bir ¢dzeltinin
konsantrasyonunu belirleme konusundaki bilgilerini test
edeceklerdir.

DNA Konsantrasyonunu Tahmin Etme

Bu smirlayict reaktifler probleminde, 6grencilere belirli
konsantrasyonlarda DNA ¢6zeltileri verilir ve belirli hacimlerde
karistirildiktan ve reaksiyon gergeklestikten sonra hangi
iirlinlerin ve reaktiflerin kalacagini tahmin etmeleri istenir.

DNA Cozeltisinin Bilinmeyen Konsantrasyonu Problemi

Bu ileri diizey smirlayici reaktif probleminde, 6grenciler
sanal laboratuvart kullanarak, DNA’ya baglanan bilinen
miktarlarda floresan boya ile reaksiyona sokarak DNA
cozeltisinin konsantrasyonunu belirlerler (Dolen,1988).

Termokimya
Enerji ve Entalpi
Kamp Sorunu I

Bu MRE senaryosunun bu boliimiinde ogrenciler bir
reaksiyonun entalpisini dlgerler.

Kamp Kurma Problemi II

Bu MRE senaryosunun bu boliimiinde 6grenciler,
reaktiflerin konsantrasyonlar1 degistirildik¢e bir reaksiyonun
entalpisindeki degisimi belirlerler.

ATP Reaksiyonu (Termokimya ve Baglanma)

ATP reaksiyonunun entalpisini belirleyin.
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Sulu Cozeltide Reaksiyon Isisinin Belirlenmesi

Bu etkinlikte 6grenciler, bir reaksiyonun 1sisin1 belirlemek
icin bir deney yaparlar.

Kahve Sorunu

Sanal laboratuvari kullanarak, istenen sicakliga ulagmak i¢in
sicak kahveye ne kadar siit eklemeniz gerektigini belirleyin.

Motor sogutma sivisinin 1s1 kapasitesinin 6lgiilmesi.

Yeni motor sogutma sivilar gelistiren bir sirkette analitik
kimyager olarak goreviniz, yeni gelistirilen bir Uriiniin 1s1
kapasitesini belirlemek ve ardindan 1s1 kapasitesinin mevcut
iriiniin 1s1 kapasitesinden daha biiyiikk mii yoksa daha kiigiik
mii oldugunu tespit etmektir.

Motor sogutma sivisinin 1st kapasitesinin Ol¢iilmesi 11
(Geligmis slirtim)

Yogunlugu bilinmeyen bir stvinin 1s1 kapasitesini 6l¢iin ve
karsilastirin.

Kamp Problemi III

Bu MRE senaryosunun bu boliimiinde Ogrenciler,
karigtirilldiginda  belirli  bir sicakliga ulasan ¢ozeltiler
olustururlar.

Tepkime Isilar1 - Hess Yasast

Bu etkinlik, Hess Yasasi’'n1 iic reaksiyon kullanarak
gostermektedir: NaOH’nin suda ¢oziiniirliigii, NaOH’nin
HCl’de c¢oziinirligii ve bir HCl ¢ozeltisi ile bir NaOH
¢ozeltisinin reaksiyonu.

Denge
LeChatlier Tlkesi
Kobalt Kloriir ve LeChatlier Prensibi

Bu etkinlikte 6grenciler, kobalt kloriir reaksiyonunun denge
durumunu giivenli bir sekilde kesfederler.
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Denge Hesaplamalar
DNA Baglanma Problemi

Bu etkinlikte Ggrenciler, DNA-boya reaksiyonunun
baglanma sabitini 6lgerek biyokimyasal sistemlerdeki denge
sabitlerini incelerler (Coskun, 2023).

Asit-Baz Kimyasi
Kuvvetli Asitler ve Bazlar
Giiglii Asit ve Baz Problemleri

Sanal Laboratuvar kullanilarak kontrol edilebilen, ders
kitaplarinda yer alan giiglii asit ve baz problemleri.

Ardisik Seyreltme Yontemiyle pH Olgeginin Belirlenmesi

Bu etkinlik, HCI, NaOH, pH metre ve evrensel indikator
coOzeltisi kullanilarak ardisik seyreltme yonteminin sinif igi
gosterimine eslik etmek {lizere olusturulmustur.

Zayif Asitler ve Bazlar

Zay1f Asit ve Baz Problemleri

Sanal Laboratuvar kullanilarak kontrol edilebilen, ders
kitaplarinda yer alan zayif asit ve baz problemleri.

Cozeltideki Bir Proteinin pKa Degerinin ve Konsantrasyon
Oraniin Belirlenmesi

Sanal laboratuvari kullanarak;

Bir proteinin pKa degerini belirleyin,ardindan proteinin
protonlanmig/protonlanmamis formunun belirli bir
konsantrasyon oranina sahip bir tampon ¢6zelti olusturun.

Bilinmeyen Asit ve Baz ProblemiBu alistirmada 6grenciler,
bilinmeyen bir asit ve bazin titrasyon egrisini ¢izerek pKa
degerlerini ve konsantrasyonlarii belirleyeceklerdir.
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Tampon Cozeltileri
Tampon Coziimii Olusturma

Belirli o6zelliklere sahip bir tampon ¢ozelti tasarlama
alistirmasi.

DNA - Boya Baglanmasi: Denge ve Tampon Cozeltiler

Ogrenciler biyolojik ortamda denge ve tampon ¢dzeltilerini
incelerler.

Cozeltideki Bir Proteinin pKa Degerinin ve Konsantrasyon
Oraninin Belirlenmesi

Sanal laboratuvari kullanarak;

Bir proteinin pKa degerini belirleyin, ardindan proteinin
protonlanmig/protonlanmamis formunun belirli bir
konsantrasyon oranina sahip bir tampon ¢ozelti olusturun.

Asit/Baz Titrasyonlari

KHP ¢ozeltisi ile NaOH’nin standardizasyonu: Asit-Baz
TitrasyonuSanal Laboratuvart kullanarak, bilinmeyen bir
NaOH ¢ozeltisini (yaklagik 0,2 M), 25,00 mL KHP standart
cozeltisi ile titrasyon yoluyla dort anlamli rakama kadar
standardize edin.

Oksidasyon/indirgeme ve Elektrokimya

Standart Indirgeme Potansiyelleri

Oksidasyon-Indirgeme Reaksiyonlarini Kesfetmek

Bakir (Cu), magnezyum (Mg), ¢inko (Zn) ve kursun (Pb)
elementlerini en giicliiden en zayifa dogru indirgeyici madde
sirasina gore siralayacak bir deney tasarlayin.

Analitik Kimya/Laboratuvar Teknikleri

Asit/Baz Titrasyonlari

KHP c¢ozeltisi ile NaOH’nin standardizasyonu: Asit-Baz

TitrasyonuSanal Laboratuvart kullanarak, bilinmeyen bir
NaOH ¢ozeltisini (yaklasik 0,2 M), 25,00 mL KHP standart
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cozeltisi ile titrasyon yoluyla dort anlamli rakama kadar
standardize edin.

Gravimetrik Analiz

Bilinmeyen Giimiis Kloriir Gravimetrik analiz yontemi
kullanarak giimiis nitrat ¢ozeltisindeki glimiis iyonu
konsantrasyonunu belirleyin.
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4.1. GIRiS

Analitik kimya ve Dbiyokimya arastirmalaridaki
gilincel yontemler; kiitle spektrometrisi, ileri kromatografi,
mikroakigkan sistemler ve yapay zeka destekli veri analizine
odaklanmaktadir [4]. Bu teknolojiler sayesinde hastaliklarin
erken teshisi, kisisellestirilmis tip uygulamalari, biyobelirteg
kesfi ve yiiksek hassasiyetli molekiiler analizler miimkiin hale
gelmistir [2].

1. Kiitle Spektrometrisi (MS) ve Goriintiileme

Kiitle spektrometrisi, modern biyokimya arastirmalarinin
temel tasidir. Ozellikle Kiitle Spektrometresi Goriintiileme
(MSI), doku kesitlerindeki molekiillerin (proteinler, lipidler ve
metabolitler) dogrudan haritalandirilmasini saglar. [1].

e Uygulama: Kanser teshisi, timdr smirlarinin
belirlenmesi ve ilaglarin dokulardaki dagiliminin
izlenmesi [3].

2. ileri Kromatografik Ayirma Teknikleri

Karmasik biyolojik sivilarin (kan, idrar vb.) analizinde
yliksek ¢oziiniirlikk saglayan teknikler one ¢ikar [3].

 Boyutsal Kromatografi: /ki Boyutlu Stvi Kromatografisi
(2D-LC), tek boyutlu sistemlerin yetersiz kaldigi
karmagik  proteomik (protein) ve metabolomik
caligmalarda yiiksek ayirma giicii sunar [4].

o Kapiler Elektroforez - Kiitle Spektrometrisi (CE-
MS): Cok kiiclik 6rnek hacimleriyle ¢alisan, 6zellikle
peptid ve protein analizlerinde yiiksek verimlilik
saglayan hassas bir yontemdir [9].
3. Mikroakiskan Sistemler ve Cip Uzerinde Laboratuvar
(Lab-on-a-Chip)

Mikroboyutlu kanallarda sivilarin manipiile edilmesini
saglayan bu teknolojiler, analiz siireglerini hizlandirir ve reaktif
titketimini minimuma indirir. [10].
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e Uygulama: Tek hiicre analizi (single-cell analysis),
DNA/RNA sekanslama hazirliklar1 ve hasta basi test
(Point-of-Care) cihazlari [7].

4. Biyosensorler ve Nanoteknoloji

Biyolojik molekiillerin tespiti i¢in altin nanopartikiiller,
karbon nanotiipler ve kuantum noktalar gibi nanomalzemeler
kullanilir [8].

e Uygulama: Spesifik DNA dizilerinin, patojenlerin
(viriis/bakteri) ve spesifik hastalik belirteglerinin
(biyobelirtegler) hizli, ucuz ve yiiksek hassasiyetle tespit
edilmesi [3].

5. Yapay Zeka (Al) ve Kemometri

Kromatografi ve spektrometri gibi yontemlerden elde edilen
devasa veri setleri (big data) yapay zeka ve makine 6grenimi
algoritmalariyla analiz edilir [5].

e Uygulama: Karmagsik spektral verilerin siniflandirilmasi,
ilag tasarimi, hastalik risk faktorlerinin modellenmesi ve
metabolomik profillerin tespiti [2,1-4].

6. CRISPR ve Molekiiler Tan1 Araclari

Biyokimya alaninda gen diizenleme teknolojileri, analitik
amacli teshis yontemlerine entegre edilmistir.

e Uygulama: CRISPR-Casl3 sistemleri gibi yontemler
kullanilarak niikleik asitlerin (RNA/DNA) yiiksek
hassasiyetle floresan veya kolorimetrik  olarak
algilanmasi [6].

7.Yiiksek Verimli Tarama (High-Throughput Screening
- HTS)

Robotik sistemler ve otomatik siv1 isleyicileri kullanilarak
binlerce kimyasal veya biyolojik bilesigin kisa siirede analiz
edilmesini saglayan yontemdir [2].

o Uygulama: Ilag kesif siiregleri, enzim aktivitesi testleri

ve toksikoloji ¢aligsmalari [10].
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