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KOLINESTERAZ

Kolinesterazlar, neredeyse sadece hayvan dokularinda bulunan ve asetilkolinin asetik asit ve
koline hidrolizini katalize eden enzimlerdir.
Bir acyl grubunun cesitli kolin ve asetilkolin esterlerinden parcalanmasini katalize edebilir.
Cholinesterase is of 2 types:

1. acetylcholinesterase (AchE), or true, specific, E-type cholinesterase (acetylcholine
acetylhydrolase, EC. 3.1.1.7)

2. cholinesterase or pseudo, nonspecific, s-type cholinesterase (acylcholine acylhydrolase,

EC. 3.1.1.8)
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Dvir H, Silman I, Harel M, Rosenberry TL, Sussman JL. Acetylcholinesterase: from 3D structure to function. Chem Biol Interact. 2010;187(1-3):10-22.
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Taylor P (1991) The cholinesterases. J Biol Chem 266:4025-4028.
Chatonnet A, Lockridge O (1989) Comparison of butyrylcholinesterase and acetylcholinesterase. Biochem J 260:625-634.
Assis, C.R.D., Linhares, A.G., Cabrera, M.P. et al. Erythrocyte acetylcholinesterase as biomarker of pesticide exposure: new and forgotten insights. Environ Sci Pollut Res 25, 18364-18376 (2018).
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Omurgalilarda bulunan kolinesteraz formlari
(Chatonnet and Lockridge 1989)
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Eritrosit AChE'nin sematik gésterimi

Disulfid bag ile baglanmis dimerik yapi ve
glikosilfosfatidilinositol anchor'lari yoluyla eritrosit
membranina baglanmasi (Taylor 1991)




KOLINESTERAZ
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Fukuto TR (1990) Mechanism of action of organophosphorus and carbamate insecticides. Environ Health Perspect 87:245-254

Ach'nin hidrolizinin katalize oldugu
AChE  aktif gorge gecidinin
altindaki etkilesimlerin sematik

gosterimi,

kolin baglanma alt gruplan
(aromatik kalintilardaki m
elektronlarinin etkilesimiyle
substratin cekimi ve
konumlandiriimasi) ve

Esteratik alt gruplar(ester
baglarini yikar)

(Fukuto 1990)

Assis, C.R.D., Linhares, A.G., Cabrera, M.P. et al. Erythrocyte acetylcholinesterase as biomarker of pesticide exposure: new and forgotten insights. Environ Sci Pollut Res 25, 18364-18376 (2018).



KOLINESTERAZ

AChE Butyrylcholinesterase (BchE) (pseudo)
Dagilim Sinir dokusunda, kirmizi kan hucrelerinde, En cok karacigerde bulunur.
akciger ve dalakta bulunur. Ayni zamanda pankreasta, kalpte,
Beynin gri maddesinde bulunur. beynin beyaz maddesinde ve serumda

RBC lerdeki AchE RBC kolinesteraz olarak da bulunur.

adlandirlir.
Ach Hidrolizi Cok hizl Yavas
inhibisyon Fizostigmine daha duyarli Organofosfatlara daha duyarli

Fonksiyon Ach aktivitesinin sonlandiriimasi Esterlerin hidrolizi

https://www.slideshare.net/saranyamunivel/cholinergic-and-anticholinesterase-drugs
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KOLINESTERAZ

True cholinesterase RBCs + Nervous tissue

Cholinesterase (Acetylcholinesterase) Not seen in serum

Pseudocholinesterase ———»® Present in the serum

|

- Acetylcholine ‘

Hydrolyze

Nerve
Pseudocholinesterase Cholinesterase ]‘—b Present in Nerve endings
(Present in nervous tissue,
lung
spleen, RBC)
: . ; Helps
@ Mainly in Liver ® RB( . £ i .
. _ ' [ransmission of impulse

@ small amount in pamcreas @ Nervous tissue TO
&) l”““““‘ ® Not present in serum Send signals
@ heart o Neurotransmitter
@ white matter of brain
@ Present in the serum Muscles

@® Biological role not known

https://www.labpedia.net/cholinesterase-serum/



KOLINESTERAZ

m Kan kolinesterazlarinin inhibisyonuna dayal pestisit izlemi WHO tarafindan uzun zamandir
Onerilmektedir (1967, 1984)

- Edson (1958), Ellman ve arkadasalrinin (Ellman and Courtney 1961) (adapted by WHO
1984) or erythrocyte AChE according to George and Abernethy (1983) metodunu
kullanmak icin taze tam kan ornekleri gereklidir.

- Bu metodlarin dezavantajlari;

(a) Total ChE'leri kullananlarda AChE ve BChE aktiviteleri ayirt edilemez;

(b) Tam lysis ve santrifuj olmadan eritrosit AChE kullananlarda hemoglobinin etkilesimi nedeniyle
dusuk dogruluk.

(c) Tersine, hemoglobin icermeyen eritrosit AChE'nin ekstraksiyon yontemlerini mumkun kilar,

(d) numunelerin dondurulmasi ve tasinmasi (Dondurulduktan sonra 7 gune kadar stabil oldugu
icin);

(e) kolorimetrik interferans icermeyen ornekler;

(f) sadece eritrosit AChE'den veri toplanmasi.

WHO (1967) World Health Organization. Expert committee on the safe use of pesticides in public health. Technical Report Series 356, Geneva

WHO (1984) World Health Organization. Spectrophotometric kit for measuring cholinesterase activity. WHO/VBC/84.888, Geneva

Edson EF (1958) Blood tests for users of OP insecticides. World Crops 10:49-518

Ellman GL, Courtney KD, Andres V Jr, Featherstone RM (1961) A new and rapid colorimetric determination of acetylcholinesterase activity. Biochem Pharmacol 7:88-95
George PM, Abernethy MH (1983) Improved Ellman procedure for erythrocyte cholinesterase. Clin Chem 29:365-368
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MILITARY MEDICINE, 00, 0/0:1, 2019

Review of Biomarkers and Analytical Methods for
Organophosphate Pesticides and Applicability to Nerve Agents

Jennifer Therkorn, PhD, MPH, BS*; David G. Drewry lll, MS, BS*; Olivia Tiburzi, BS*;
Mekbib Astatke, PhD, BS*; Charles Young, PhD, BS*; Kaitlin Rainwater-Lovett, PhD, MPH, BS*

REVIEW - PubMed verilerine gore ¢alisma Aralik 13, 2016 da gerceklestirilmistir.

OP pestisit maruziyetinin biyobelirteclerine iliskin toplam 1.044 calisma tanimlanmis, bunlarin 75'i dahil etme
ve hari¢ tutma kriterlerini karsilamaktadir.

Bu calismalarda 99 ana bilgisayar tabanh biyobelirtec, 28 metabolit, 12 pestisit ve 4 adducts olmak Uzere 143
farkl analit / numune matriks kombinasyonunu tanimlanmistir.

En sik bildirilen biyobelirtecler , dialkil fosfat Griner metabolitleri (22 calisma), kan asetilkolinesteraz ve plazma

butirilkolinesterazdir (her biri 26 ¢alisma).

Vandekar M. Minimizing Occupational Exposure to Pesticides: Cholinesterase Determination and Organophosphorus Poisoning. In: Gunther FA, Gunther JD (eds). Residue Reviews. Springer, New York, NY, 1980.
Marrs TC: Organophosphate poisoning. Pharmacol Ther 1993; 58(1): 51-66.
Haigh JR, Lefkowitz LJ, Capacio BR, Doctor BP, Gordon RK: Advantages of the WRAIR whole blood cholinesterase assay: comparative analysis to the micro-Ellman, test-mate ChETM, and Michel (1pH) assays. Chem-Biol Interact 2008; 175(1): 417-20.
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Review of Biomarkers and Analytical Methods for
Organophosphate Pesticides and Applicability to Nerve Agents

Jennifer Therkorn, PhD, MPH, BS*; David G. Drewry lll, MS, BS*; Olivia Tiburzi, BS*;
Mekbib Astatke, PhD, BS*; Charles Young, PhD, BS*; Kaitlin Rainwater-Lovett, PhD, MPH, BS*

Cikarim - OP zehirlenmesinden supheleniliyorsa, tani amacgh en yaygin

yaklasim eritrosit AChE veya plazma BuChE aktivitesinin olgculmesidir.

AChE ve / veya BuChE'yi degerlendiren 37 calisma arasinda; 31 ¢calismada (31/37,% 84) Ellman
yontemi veya Ellman yonteminin modifiye bir versiyonu ile spektrofotometrik tekniklerin kullanildigini

bildirilmistir.

Vandekar M. Minimizing Occupational Exposure to Pesticides: Cholinesterase Determination and Organophosphorus Poisoning. In: Gunther FA, Gunther JD (eds). Residue Reviews. Springer, New York, NY, 1980.

Marrs TC: Organophosphate poisoning. Pharmacol Ther 1993; 58(1): 51-66.

Haigh JR, Lefkowitz LJ, Capacio BR, Doctor BP, Gordon RK: Advantages of the WRAIR whole blood cholinesterase assay: comparative analysis to the micro-Eliman, test-mate ChETM, and Michel (1pH) assays. Chem-Biol Interact 2008; 175(1): 417-20.
Ellman GL, Courtney KD, Andres V, Featherstone RM: A new and rapid colorimetric determination of acetylcholinesterase activity. Biochem Pharmacol 1961; 7(2): 88-95.
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OP maruziyetini degerlendirmek icin kolinesteraz aktivitesine givenmenin 6nemli dezavantajlan da vardir.

1- ChE aktivitesinde populasyon duzeyinde farkliliklar - genetik etkiler ve cesitli saglik kosullari nedeniyle.

2- Pestisitlere maruziyete ek olarak, agir metaller ve polisiklik aromatik hidrokarbonlar gibi diger cevre kirleticilerine
maruz kalmanin da AChE seviyelerini etkileyebilecegine dair bazi kanitlar vardir.

3- Genel degerlendirme AChE seviyelerindeki bir degisiklik icin guvenilir saptamanin alt sinirinin % 20 oldugu
seklindedir; yani, baslangica gore% 20'den daha az olan degisiklikler OP maruziyeti icin guvenilir gostergeler

olmayabilir.

Vandekar M. Minimizing Occupational Exposure to Pesticides: Cholinesterase Determination and Organophosphorus Poisoning. In: Gunther FA, Gunther JD (eds). Residue Reviews. Springer, New York, NY, 1980.

Wessels D, Barr DB, Mendola P: Use of biomarkers to indicate exposure of children to organophosphate pesticides: implications for a longitudinal study of children’s environmental health. Environ Health Perspect 2003; 111(16): 1939-46.
Lionetto MG, Caricato R, Calisi A, Giordano ME, Schettino T: Acetylcholinesterase as a biomarker in environmental and occupational medicine: new insights and future perspectives. BioMed Res Int 2013; 2013: 8.

Lessenger J, Reease B: Rational use of cholinesterase activity testing in pesticide poisoning. J Am Board Family Practice 1999; 12(4): 307 -14.

Hayes W. Pesticides Studied in Man. Baltimore, MD, Williams & Wilkins, 1982.
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A Bu nedenle, kolinesteraz aktivitesi diisiik diizeylerdeki OP maruziyetlerini izlemek icin biiyiik olasilikla pratik degildir (?), bu da
populasyonun farkli duzeylerdeki maruziyetlerinde cok sayida numunenin taranmasini imkansiz hale getirir.

A OP sinir ajanlari, OP pestisitlerden daha yiiksek toksisiteye sahip olduklari icin, AChE seviyelerinde dnemli bir degisikligi
indUklemek icin gereken sinir ajani miktari Gnemli 6lcude daha dusuktdr.

A Ancak 1995'teki Tokyo metrosu sarin saldirisi sirasinda sinir ajanlarinin kullanimi, saglik calisanlarina ikincil maruziyetler gibi
yaygin dusuk seviyeli maruziyetlere neden olmustur.

A Kolinesteraz aktivitesi, belirli bir OP sinir ajani esigini asan maruziyete sahip bireylerin tanimlanmasinda faydal olabilir, ancak
AChE ve BuChE aktivitelerindeki degisiklikleri gozlemlenen klinik semptomlarla iliskilendirecek esikler belirlenmis degildir ve AChE

ve BuChE seviyelerinin gozlemlenen hasta semptomlari ile iligkisini ortaya koyan daha fazla aragtirma yapilmasi gereklidir.

Moshiri M, Darchini-Maragheh E, Balali-Mood M: Advances in toxicology and medical treatment of chemical warfare nerve agents. Daru: J Fac Pharm, Tehran Univ Med Sci 2012; 20(1): 81-1.
Okumura S, Okumura T, Ishimatsu S, Miura K, Maekawa H, Naito T: Clinical review: Tokyo - protecting the health care worker during a chemical mass casualty event: an important issue of continuing relevance. Crit Care 2005; 9(4): 397-400.




KOLINESTERAZ - BAGLANMA BOLGELERI

Ethylene group

AchE, substrat icin 2 bitisik baglanma

bolgesine sahiptir.

A 1. bolge "anyoniktir® ve asetilkolinin

katyonik dortlu (quaternary) nitrojenini

A Diger bolge " ", bir serin residue
ve enzim reaksiyonu sirasinda salinan

protonu kabul eden basks

,,,,,,,,,

grup (bir histidin residuenun inmiiazehla)z o |
A NETICEDE; Anyonik bolge, substratin

ES, esteratik bolge; AS, anyonik substrat baglama bolgesi; ACS, aromatik katyon baglanma bolgesi;
. . .. . . . PAS, periferik anyonik baglanma bolgesi. Taranmis alanlar, varsayilan hidrofobik baglanma
nitrojenini cekerken, esteratik bolgedeki  vsigelerinitemsil eder.

ACh'nin katalitik merkezin esteratik ve anyonik bolgelerini kapsadigl gosterilmistir. His ve Ser'in
imidazol ve hidroksil yan zincirleri, esteratik bolgede gosterilmektedir. Anyonik bdlge icinde, (COO-)

karbonil grubunun elektrofilik karbonu, serin | 5 asayian negatit yika temsil eder.

Herz F, Kaplan E. A review: human erythrocyte acetylcholinesterase. Pediatr Res. 1973 Apr;7(4):204-14.
Dvir H, Silman |. Harel M. Rosemberrv TL. Sussman JL. Acetvicholinesterase: frem 3D gtructure to function. Chem Biol Interact. 2010:187(1-3):10-22.




KOLINESTERAZ - BAGLANMA BOLGELERI - REAKTIVASYON

A Anyonik b ° | dg baglanan maddeler (basit kuaterner bilesikler), substratin baglanmasini
onledikleri igin tersinir AchEa z 1 n hi b i dr®.;Ptostigminl).iBu tur(bir inhibisyon
yavasca geri dondurulebilir.

A Diizopropilfosfofloridat gibi maddeler, esteratik b ° | nineserin kalintisi ile@ail >

diizopropilfosfat esterleri olusturur ve bu da irreversibl inhibe edilmis AchE ile sonuclantr.

Bu t ¢inhibbsyon, insecticidesve sinir gazlaréné kar akt

A 2-piridin aldoxime methiodide (2-PAM) gibi intramolekuller mesafede giicli bir katyonik

gruba sahip bilesikler, diizopropilfosfat grubunu esteratik b® | geden hesezd a
uzakl aktérarak enzim aktivitesini ger i ge:

A 2-PAM, diizopropilfosfofloridat zehirlenmesi igin bir panzehir olarak basariyla kullanilmistir.

Herz F, Kaplan E. A review: human erythrocyte acetylcholinesterase. Pediatr Res. 1973 Apr;7(4):204-14.



Organofosfat, enzim uzerindeki serin hidroksil

grubunu fosforile ederek AChE'yi inaktive eder.

Bond to be formed

Fosfoester bagl Uzerindeki Oksim (2-
pralidoksim) enziminin AChE ile
organofosforlu pestisitin katalitik bolge

boslugunun altindaki aktivitesinin etkisi.
Bond to be broken

choline binding

subsite Adapted from ATSDR (2007)

AChE active site

Assis, C.R.D., Linhares, A.G., Cabrera, M.P. et al. Erythrocyte acetylcholinesterase as biomarker of pesticide exposure: new and forgotten insights. Environ Sci Pollut Res 25, 18364-18376 (2018).
ATSDR (2007) AGENCY FOR TOXIC SUBSTANCES AND DISEASE REGISTRY. Case studies in Environmental Medicine cholinesterase inhibitors: including pesticides and chemical warfare nerve agents. Course WB1102. Available at: http://www.atsdr.cdc.

gov/csem/csem.html. Atlanta, 153 pp




Bir substrat molekulunun [Asetilkolin (ACh) veva butirilkolinin (BCh)] acylation gecis durumu modellenmistir.

insan AChE ve insan BChE'nin aktif A hAChE
bolgeleri. "w
A The gorge - (yari- “\2 J
transparan gri) and magenta (morumsu- . 3 QQ:‘L
kirmizi) acil-baglama kesesi. "h«‘/f?/ Tyr341
) ,. Phe338 Rraa7
A Katalatik triad (Cubuklarda) ve - V ot &
oksianyon kalintilarinda (cizgiler) cyan & 0l JTrpae
N . e y I
daki A-bolgeleri (yesilimsi-mavi). \6)_\ ,_
A magenta icindeki tim acil-baglama 9 i
Glu334\{ ,‘b
keseleri(morumsu-kirmizi). N
A A-bolgelerindeki sari

A P-bélgesi kalintiklari rim of the gorge da bulunur(yesil)
A Yapisal su molekulleri kirmizi kurelerle gosterilmektedir.

A A-bolgesindeki hidrojen baglari kesik cizgilerle gosterilmektedir.

B hBChE

L \ Asp70
Val288 Tyr332 j
Phe329
V4
Leu286 ( Alag:

Trp231

|
Glu325 y [

Ser224

Rosenberry TL, Brazzolotto X, Macdonald IR, Wandhammer M, Trovaslet-Leroy M, Darvesh S, Nachon F. Comparison of the Binding of Reversible Inhibitors to Human Butyrylcholinesterase and Acetylcholinesterase: A Crystallographic, Kinetic

and Calorimetric Study. Molecules. 2017 Nov 29;22(12):2098.



GORGE GIRISLERININ LOKASYONU

12 den itibaren saat yonunde ana gecit girisi, ikinci on kapi,

yan kapl, ikinci arka kapi, arka kapi ve tcuncu on kapidir.

Su molekdulleri V seklindedir ve mavi klire sodyum iyonudur.

B1 - B7 olarak isaretlenmis yedi su molekull ve cogu

zaman protein de icine gomulu halde bulunmaktadir.

main gorge entrance

N
jﬁ‘ﬂ

C’_ Cy second
e

BULK

third front
door

- &

front door

CATALYTIC
TRIAD

second
back door

b CD %
g%& BULK

back door

Henchman RH, Tai K, Shen T, McCammon JA. Properties of water molecules in the active site gorge of acetylcholinesterase from computer simulation. Biophys J. 2002 May;82(5):2671-82.



ORTHO-7 (OXIME iLACI) NIN ASETILKOLINESTERAZ iLE KONJUGE OLAN
TABUN GORGENUN AKTiF BOLGESININ TRANSLOKASYON ENERJITIGi

(Mus musculus)mAChE

Katalitik triad ve anyonik alt bolge sirasiyla pembe ve mavi
rankle gosterilirken,

periferik anyonik bolge (PAS) bolgesi leylak rengi (soluk mor)
ile gosterilir.

lla¢c molekilii Ortho-7, protein gorge dan harmonik bir yay ile

cekilir.

Ortho-7 (oxime drug)un kimyasal Kk e k[1,7-heptylene-bis-

N,N’-2-pyridiniumaldoxime].

iki piridinyum halkasindan biri (aktif piridinyum) aktif triad

Ortho-7 . bdlgesine, digeri (periferik piridinyum) AChE enziminin PAS

Peripheral Site | Active Sike bolgesine dogru yonlenmistir.

Sinha V, Ganguly B, Bandyopadhyay T. Energetics of Ortho-7 (oxime drug) translocation through the active-site gorge of tabun conjugated acetylcholinesterase. PLoS One. 2012;7(7):e40188



ENERGETICS OF ORTHO-7 (OXIME DRUG) TRANSLOCATION THROUGH THE ACTIVE-SITE GORGE OF TABUN CONJUGATED AchE

Hidrofobik etkilesimlerden sorumlu kalintilar pembe renkte
gosterilirken, ilacla hidrojen bagl olusturan kalintilar cyan ile
renklendirilmistir.

L76 ile birlikte mor renkteki PAS (peripheral anionic site)
kalintilar, Y72 ve W286, gorge'un "bottle neck region“unu
olustururlar. llacin aktif triad'a (gecidin altinda gosterilen
S203) erisim saglamak icin burayi ayirmasi gerekir. Y72 ve
W286 kalintilari, ilacin piridinyum halkalar ile iki asamada
gucll katyon-rm etkilesimi olusturur: ilki aktif piridinyum
halkasi ile, ila¢ ilk alindiginda (snapshot 6) ve ikincisi periferik
piridinyum halkasi ile, ilagc tamamen gorge'a baglandiginda
(snapshot 9).

In the fully captured state, residues W86 ve Y337 (mavi) da
aktif piridinyum halkasi ile benzer katyon-m etkilesimi

olusturur.

Enzimin baglanma cebini olusturan ve ilac yakalama ve
salimindan sorumlu olan AChE kalintilarinin gosterildigi
molekuler dinamik yorungelerin anlik goruntuleri (snapshots)

133 2 NS » »
&y S -

Y77 ) Sy, H287 LW U i 5 G358
~/o,‘\f. ; :’<{ ? N7 Y341 -

Sinha V, Ganguly B, Bandyopadhyay T. Energetics of Ortho-7 (oxime drug) translocation through the active-site gorge of tabun conjugated acetylcholinesterase. PLoS One. 2012;7(7):e40188



ERITROSIT-PLAZMA
ENZIM(LER) FARKLARI




Hem serum hem de eritrosit kolinesteraz aktivitesi, Amerika Birlesik Devletleri'nde en

yaygin kullanilan pestisitler arasinda yer alan bu insektisitler tarafindan inhibe edilir.

AChE'nin eritrositlerdeki yari 6mru 2-3 ay iken, serum kolinesterazin (psodokolinesteraz)

yari Omri yaklasik 8 giindur. Bu nedenle, eritrosit AChE, organofosfatlara kronik ve

gecici olarak uzak maruziyetin bir gostergesidir.




ENZIM FARKLARI

m AchE, asetilkolini daha hizli hidrolize ederken Psodokolinesteraz, butirilkolini daha hizli hidrolize eder.

m Eritrosit AChE'ye 0zgu aktivite, cok daha yuksek bireyler arasi ve bireyler arasi varyasyon sunan plazma
BChE'nin aksine nispeten sabittir.

m AChE (1 to 3 months), BChE (a few days to weeks)'ye kiyasla antikolinesteraz ajanlarina karsi daha yavas
spontan rejenerasyona ugrar, bdylece daha uzun sureli bir maruziyet sonrasinda bu tur bilesikleri tespit etme
sansini arttirir ve eritrosit AChE'nin prognostik Onemini gosterir.

m Psddokolinesterazin yari dmri yaklasik 8-16 saattir. ileri KC hastaligl olan hastalarda | |
m Suksinilkolin ile néromuUskuler blokaj meydana gelmeden once azalma . % 75 olmalidir.
m Nonspesifik ?

- Akut miyokard infarktlisu vakalarinin % 90.5'inde plazma psodokolinesteraz yukselmesi gozlenmistir.

- AchFE’in varligl, karin duvari defektleri ve noral tup defektleri dahil olmak Uzere bir¢cok yaygin dogum
kusurunu dogrulayabilir.

Assis, C.R.D., Linhares, A.G., Cabrera, M.P. et al. Erythrocyte acetylcholinesterase as biomarker of pesticide exposure: new and forgotten insights. Environ Sci Pollut Res 25, 18364-18376 (2018).
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ENZIM FARKLARI

Eritrositte AchE

Table IInizymes of the erythrocyte membrand < ) ) X
_ ee— — A Alles and Hawes (1940) — ilk kez 1940 yilinda eritrosit

Enzymes References
Acid protesser:and peptidsses 40, 92] enziminin beyin esteraza benzedigini ancak serumda
Diphosphopyridinenucleotidase [35] : . : -
Triphosphopyridinenucleotidase 35] bulunan kolinesterazdan belirgin sekilde farkli oldugu
Phosphatases of various specificities [20, 34, 41, 52, 91, 103] . ) o o
Cation-dependent  adenosinetri- [41, 75] A 1949'da Pritchard — Artan AchE aktivitesinin genc
phosphatases T 9 . o
5’-Adenosinemonophosphate deam-  [79] eritrositin bir 0zelligi olduguna dair ilk dogrudan kanit,
inasc
Adenylate kinase [17, 41] (RetikUlositten zenginlerde yuksek aktivite ve
Diglyceride kinase [52]
Phosphoglycerate kinase [72] retikllositten fakir fraksiyonlarda dusuk aktivite
Sialyltransferases [63]
Glycolytic enzymes [16, 25, 82, 90, 105] bulunmustur).

Bcetylcholinesterase> (11

A Sabine, O grubunun eritrositlerini A-tipi normal alicilara
nakletmis ,ardindan donor hucrelerini izole etmis ve

*BRAUER, R. W., AND ROOT, M. A.: The cholinesterase of human erythrocytes. Fed. Proc, 4: 113 (1945). benzer sSonN ugla [ elde etm |$t| I.

Herz F, Kaplan E. A review: human erythrocyte acetylcholinesterase. Pediatr Res. 1973 Apr;7(4):204-14.

GALEHR, O., AND PLATTNER, F.: Uber das Schicksal des Acetylcholins im Blute. Seine Zerstorung im Blute verschiedener Saugetiere. Pflueger's Arch. Gesamte Physiol. Menschen Tiere, 218: 506 (1927).
ALLES, G. A., AND HAWES, R. C: Cholinesterases in the blood of man. J. Biol. Chem., 133: 375 (1940).

SABINE, J. C: Choline esterase of blood cells and plasma in blood dyscrasias, with special reference to pernicious anemia. J. Clin. Invest., 19: 833 (1940).

PRITCHARD, J. A.: Erythrocyte age and cholinesterase activity. Amer. J. Physiol., 158: 72 (1949)

SABINE, J. C: The cholinesterase of erythrocytes in anemias. Blood, 6: 151 (1951).

SABINE, J. C: Erythrocyte cholinesterase titers in hematologic disease states. Amer. J. Med., 27: 81 (1959).




ENZIM FARKLARI - KOLINESTERAZ AKTIVITESINI ETKILEYEN FAKTORLER

Kan kolinesteraz aktivitesini etkileyen faktorler (adapted from ATSDR 2007)

RBC AChE Serum BChE

Low levels - Antimalarial drugs (Clark 2002) - Acute mfections (Tareg et al. 2001)
- Oral contraceptives (Clark 2002) - Benzalkonium salts (Reigart and Roberts 1999)
- Some anemias (Tareg et al. 2001) - Carbon disulfide (Reigart and Roberts 1999)

- Paroxysmal nocturnal hemoglobinuria (PNH) Chronic debilitating disease (Clark 2002)
(Lawson and Barr 1987 Ueda et al. 1990) Ciguatoxins (Reigart and Roberts 1999)

- Type 1 diabetes mellitus (Suhail and Rizvi 1989) - Cocame (Clark 2002)
- Codeme (Clark 2002)
- Dermatomyositis (Reigart and Roberts 1999)
- Genetic deficiency (3% of individuals) (Tareg et al. 2001; Clark 2002)
- Hepatic parenchymal disease (Clark 2002)
- Malnutrition (Clark 2002)
- Morphine (Clark 2002)
- Pregnancy (Tareg et al. 2001)
- Oral contraceptives (Tareg et al. 2001)
- Organic mercury compounds (Reigart and Roberts 1999)
- Solanines (Reigart and Roberts 1999)
- Some anemuias (Tareg et al. 2001; Clark 2002)
- Succinylcholine (Clark 2002; Cokugras 2003)

'

- Use of gray-top blood collection tubes or those containing fluonde
(Clark 2002)
High levels - Nephrotic syndrome (Clark 2002)

Assis, C.R.D., Linhares, A.G., Cabrera, M.P. et al. Erythrocyte acetylcholinesterase as biomarker of pesticide exposure: new and forgotten insights. Environ Sci Pollut Res 25, 18364-18376 (2018).
ATSDR (2007) AGENCY FOR TOXIC SUBSTANCES AND DISEASE REGISTRY. Case studies in Environmental Medicine cholinesterase inhibitors: including pesticides and chemical warfare nerve agents. Course WB1102. Available at: http://www.atsdr.cdc.
gov/csem/csem.html. Atlanta, 153 pp




KOLINESTERAZ ENZIMI - ESAS PATOLOJI

Epidemiology

m Dunya capinda tahminen = 3 milyon insan her yil organofosfatlara maruz kaliyor ve bu da yaklasik

300.000 olume neden oluyor.
m ABD'nde, cok az olumle birlikte yilda yaklasik 8000 maruziyet vardir.

m Maruz kalma ¢ogu zaman bir tarim ilacindan kaynaklanirken, ayni zamanda organofosfat bilesikleri

de iceren karinca ve hamam bocegi spreyi gibi ev esyalar vardir.

m Kuresel olarak, organofosfatli bocek ilaclarina bagh % 2-25 arasinda degisen o6lum oranlari

bulunmakta

m enyaygin bocek ilaclari fenitrothion, diklorvos, malathion ve triklorfondur.

m Enyaygin 6lum nedeni solunum yetmezligidir .

- Robb EL, Baker MB. Organophosphate Toxicity. 2020 Jul 27. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021


https://www.ncbi.nlm.nih.gov/books/NBK470430/

KOLINESTERAZ ENZIMI - ESAS PATOLOJI

Asirt ACh birikimi sinaptik aralikta nikotinik ve muskarinik klinik
bulgulara neden olur.

For nicotinic signs of acetylcholinesterase inhibitor toxicity, think of the days of the week:

* Monday = Mydriasis

* Tuesday = Tachycardia

¢ Wednesday = Weakness

e Thursday = Hypertension

e Friday = Fasciculations.

The more common mnemonic that captures the muscarinic effects of organophosphate poisonings is DUMBELS:

¢ D = Defecation/diaphoresis

¢ U= Urination

¢ M = Miosis

¢ B = Bronchospasn/bronchorrhea
* E=Emesis

* L =Lacrimation

s S =Salivation.

Giiven A. Asetilkolinesteraz'in 6nemi ve inhibitorleri. Kafkas Uni Vet Fak Derg, 2000;6 (1-2): 145-51.

Saydam CK, S6zmen B, Aslan LS. Organofosfor zehirlenmelerine yaklasim. Turkiye Klinikleri J Med Sci, 2006; 26: 73-7.

Namba T. Cholinesterase inhibition by organophosphorus compounds and clinical effects. Bull WId Hith Org. 1971; 44: 289-307.
Heath DF. Organophosphorus poisons. Volume 13. Newyork. Pergamon Pres, 1961; 177-213.

Pathophysiology

Organofosfat insektisitlerin 0zelligi, karboksil ester

hidrolazlarin (esas olarak AChE) inhibisyonudur.

Organofosfat, enzim Uzerindeki serin hidroksil
grubunu fosforile ederek AChE'yi inaktive eder.

AChE’nin 0zellikle organofosforlu, klorlu ve karbamatli
pestisitler ile donUsumsuz inhibisyonu canli dokudaki
sinir sinapslarinda ve noromuskuler kavsaklarda
ACh’nin artmasina yol acip, Ach reseptorlerinin asiri

stimulasyonuna neden olur.

Sonucta AcH birikimi kolinerjik bulgularin agirlikta

oldugu bir toksisite tablosu olusturmaktadir.

- Robb EL, Baker MB. Organophosphate Toxicity. 2020 Jul 27. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021


https://www.ncbi.nlm.nih.gov/books/NBK470430/
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We analysed blood samples of 181 male and 61 female volunteers with a mobile field kit.

Reference values were calculated for acetyl- and butyryicholinesterase.

The large inter-individual vanability of cholinesterase values calls for determination of individual pre-exposure values.
The mobile field kit, ChE check mobile, proved to be a suitable tool for on-site analysis of cholinesterase activities,
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clinical signs of OP poisoning is still the most important parameter for the initiation of specific treatment
However, in case of unspecific signs and of delayed onset of cholinergic crisis a rapid, reliable and on-site
analysis of acetyicholinesterase (AChE) and butyrylcholinesterase ( BChE) activity would be of great value,
Recently the ChE check mobile, a CE-certified ready to use kit for the determination of whole blood AChE
and BChE activities, was developed. Here, we evaluated whole blood AChE and BChE reference values

-
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with samples taken from 181 male and 61 female volunteers and analyzed them on-site with the ChE

Acetylcholinesterase v '
inter-individual

Butyrylcholinesterase check mobile test kit, ¥he analysis of the data revealed a large variability (BChE > AChE ), Ma|0 Fema|0

Human whole blood only a small sex difference for AChE but a significant difference for BChE activities, The now available

Reference values normal range values enable an evaluation of determined AChE and BChE activities in case of suspected .. L.

Assay exposure to OP nerve agents and pesticides. However, the large inter-individual vanability of AChE and Erkek ve kad n Ia rda ACh E ve BCh E akthltele” nin

Fleld ki BChE activities calls for the determination of pre-exposure values in specific subpopulations in order to o - .
enshie the diagnosis of low-level OP exposuse dagihimi. Hesaplanan medyan degerler kirmizi bir

= 2016 Elsevier Ireland Ltd. All rights reserved

cizgi ile isaretlenmistir.

Worek F, Schilha M, Neumaier K, Aurbek N, Wille T, Thiermann H, Kehe K. On-site analysis of acetylcholinesterase and butyrylcholinesterase activity with the ChE check mobile test kit-Determination of reference values and their relevance for
diagnosis of exposure to organophosphorus compounds. Toxicol Lett. 2016 May 13;249:22-8.




OLCUM TEKNIKLERI
- YONTEMLER




GENEL BILGI

m Biyolojik numunelerde AChE aktivitesinin olcumu icin spektrofotometrik
yontemler, eletrokimyasal yontemler, pH belirleme testleri ve radyoaktif

testler dahil olmak Uzere bir dizi geleneksel yontem bildirilmistir.

m Gunumuzde, standart Ellman yontemi en yaygin yontemlerden biri olarak

hizmet etmektedir.

m Hassasiyeti artirmak icin MS tabanli HPLC testleri gibi bazi alternatif

yontemler gelistirilmistir.

Peng L, Rong Z, Wang H, Shao B, Kang L, Qi H, Chen H. A novel assay to determine acetylcholinesterase activity: The application potential for screening of drugs against Alzheimer's disease. Biomed Chromatogr. 2017 Oct;31(10).

Del Carlo M, Pepe A, Sergi M, Mascini M, Tarentini A and Compagnone D. (2010). Detection of coumaphos in honey using a screening method based on an electrochemical acetylcholinesterase bioassay. Talanta, 81 (1-2): 76-81.

Haigh JR, Lefkowitz LJ, Capacio BR, Doctor BP and Gordon RK. (2008). Advantages of the WRAIR whole blood cholinesterase assay: comparative analysis to the micro-Ellman, Test-mate ChE, and Michel (DeltapH) assays. Chem Biol Interact, 175 (1-3): 417-20.
He P, Davies J, Greenway G and Haswell SJ. (2010). Measurement of acetylcholinesterase inhibition using bienzymes immobilized monolith micro-reactor with integrated electrochemical detection. Anal Chim Acta, 659 (1-2): 9-14.

Kao LT and Gratzl M. (2009). Serum cholinesterase assay using a reagent-free micro pH-stat. Anal Biochem , 389 (2): 93-6.

Ellman GL, Courtney KD, Andres V, Jr. and Feather-Stone RM. (1961). A new and rapid colorimetric determination of acetylcholinesterase activity. Biochem Pharmacol, 7: 88- 95

Hu F, Zhang H, Lin H, Deng C and Zhang X. (2008). Enzyme inhibitor screening by electrospray mass spectrometry with immobilized enzyme on magnetic silica microspheres. J Am Soc Mass Spectrom, 19 (6): 865-73.

Peng L, Jiang T, Rong Z, Liu T, Wang H, Shao B, ... Chen H. (2011). Surrogate based accurate quantification of endogenous acetylcholine in murine brain by hydrophilic interaction liquid chromatography-tandem mass spectrometry. J Chromatogr B Analyt Technol
Biomed Life Sci, 879 (32): 3927-31.

Spencer JD, Rushton D and Allen KR. (2010). A simple liquid chromatography linked to tandem mass spectrometry method for measurement of serum cholinesterase activity using succinylcholine as substrate. Ann Clin Biochem, 47 (Pt 3): 217-22.




KOLORIMETRIK METOD 2

Cholinesterase

Butvrvithiocholine. Kinetic

Serum ve plazma kolinesterazin (CHE) kantitatif tayini

Kolinesteraz

CALISMA PRENSIBI Butyrylthiocholine + H,0 » Butyrate + Thiocholine

0 inj o g . Thiocholi DTNB -MNBA
Yéntem, CHE icin spesifik substrat olarak butiriltiokolini kullanir. lochaline + —>5

CHE, bdatiriltiokolin hidrolizini katalize ederek butirat ve tiyokolin olusturur.
Tiyokolin, hekzasiyanoferrati (Ill) (sari) hekzasiyanoferrata (ll) (renksiz) indirger.

Absorbanstaki azalma numunedeki CHE aktivitesiyle dogru orantilidir.

m  Olcim Araligi: Tespitaraligi 150 U/L to Lineer limit 22000 U/L.

m INTERFERANSLAR 20 mg/dL ye kadar askorbik asit bulunmasi, 1000 mg/dL e kadar hemoglobin, bilirubin 60 mg/dL ve lipid 2000 mg/dL.

m 6 aya kadar olan bebeklerde, CHE aktivitesi yetiskinlere gore% 40 ila% 50 daha yuksektir.

m Genc kadinlarda enzim aktivitesi yetiskin erkeklerdekinin yaklasik% 64 ila% 74'Gdur.

] Hamilelik sirasinda aktivite azalir.

Yucesan B, Kurt M, Sezen F, Subasi SA. ilaglama sektériinde calisan isciler ile zehirlenme siiphesi goriilen hastalarin kolinesteraz seviyelerinin belirlenmesi. Turk Hij Den Biyol Derg, 2013; 70(1): 7-14.


https://www.spinreact.com/files/Inserts/Bioquimica/BEIS51_CHE_LQ_2018.pdf

DIFERANSIYEL PH PROTOKOLU

m 820 ul calisma tamponu iceren diferansiyel pH aparatinin karistirmkuyucuguna 20

numune (plazma) , ardindan 10 ul 275 mmol/L asetilkolin ¢ozeltisi (7,6 mmol / L,

nihai konsantrasyon ) eklendi. oo
m Eritrosit kolinesteraz aktivitesinin olcumu i¢cin 10 ul tam kan ve 820 ul kinidin iceren rer
calisma tamponu kullanildi. Daha sonra reaksiyonu baslatmak icin 10 ul 69 mmol / |
L (2,0 mmol / L, nihai konsantrasyon) asetilkolin ilave edildi. Tampona 275 mmol / L 8
asetilkolin ¢Ozeltisinin 10 ul ilavesi, 4 x 10-4 pH / dakikalik bos bir stiriklenme e
olustururken, 10 ul 69 ile 1 x 10-4 pH / dakikalik bir sapma elde edildi. 2g6l
m Normal bir numunenin dlcimu sirasinda gelistirilen tipik pH degisiklikleri -zaman ? { é] 3
Time (min
akisi grafigi, Sekil 1'de gosterilmektedir. Yukarida bildirilen asetilkolin ¢ozeltisi fa. 1. Time-course of the pH change during

typical measurement sequence.

hacimleri kullanilarak uzun sureli dogrusal oranlar elde edildi; 30 saniyelik bir

gecikme fazi ve 90 saniyelik bir 6lcum suresi rutin olarak kullanildi.

Barenghi L, Ceriotti F, Luzzana M, Ripamonti M, Mosca A, Bonini PA. Measurement of erythrocyte acetylcholinesterase and plasma cholinesterase activity by a differential pH technique. Ann Clin Biochem. 1986 Sep;23 ( Pt 5):538-45.



DIFERANSIYEL PH PROTOKOLU

o0

A [H+' = ﬁ i ﬂPH! (1} % sob
where B is the buffer capacity determined from 7l
the pH change produced by the addition of .
10 uL of HCI 0-01 mol/L to 820 uL of buffer, :
using the differential pH apparatus. The cholin- 01
esterase activity of a sample (plasma, washed v e
erythrocytes or whole blood) is calculated as pH
follows: P2 oFboplamm cuvs o e e

0———0 erythrocyte sample (activity: 3500 U/L).

activity = d + A [H"}/min, (2)
where 4 is the dilution factor.
By combining Equations 1 and 2 the initial
cholinesterase activity results to be:
activity = d - f * A pH/min. (3)

For example, if d=42 (20 uL of plasma injected
into the cuvette, with a final volume of 840 uL.),

2 3 L 5 [ 7 8

A pH/min = 0-0182 and g = 5850 umol/L/pH, [Acaryichorine] (mmot/L.
" L i FiG. 3. Hydrolysis rate, 30 s after addition of various
the PHEUdﬂchﬂllnﬂstﬂrﬂﬂe H.Cll‘-"lt)r is 4472 U/L., [:mnunts uj} r;::tylch::linc usi:lg a pIasma sample
(o ®) and washed erythrocytes (0——o).

Barenghi L, Ceriotti F, Luzzana M, Ripamonti M, Mosca A, Bonini PA. Measurement of erythrocyte acetylcholinesterase and plasma cholinesterase activity by a differential pH technique. Ann Clin Biochem. 1986 Sep;23 ( Pt 5):538-45.



DIFERANSIYEL PH PROTOKOLU
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Fic. 5. Linearity of cholinesterase activity determi-
nation with differential pH technique.

5000

4000

3000

[Cholinesterose] t1est method (U/L)

2000

1000

I | L Il 1
1000 2000 3000 4000 5000 6000

Lonniinnminmnenl satncmncn masnan Lt

4000

2000

[Cholinesterase] whole blood {U/L)

I —

2000 4000 6000 8000

[Cholinesterose] washed erythrocytes (U/L)

Fia. 7. Correlation between results obtained by the
proposed pH method using washed erythrocytes or
whole blood as samples for erythrocyte cholines-
terase.

Fic. 6. Correlation between results obtained by the colorimetric method and the proposed pH method for
plasma cholinesterase (® -—a) and for erythrocyte cholinesterase using washed erythrocytes (A————Aa).

Barenghi L, Ceriotti F, Luzzana M, Ripamonti M, Mosca A, Bonini PA. Measurement of erythrocyte acetylcholinesterase and plasma cholinesterase activity by a differential pH technique. Ann Clin Biochem. 1986 Sep;23 ( Pt 5):538-45.




Cholinesterase Activity Assay Kit (Colorimetric)

o _ _ ~ (ab235937)
Tayin yontemi- Kolorimetrik o N N
Prepare samples, BChE inhibitor, AChE Positive Control, BChE Positive
C‘)rnek tlpl- Tam kan Control and BChE InHmTor Positive Control.
Genel bakis
Prepare TNB Standard Curve.
Kolinesteraz Aktivite Test Kiti (Kolorimetrik), plazmayi ayirmadan tam ﬂ

kan orneklerinde AChE ve BChE aktivitelerini olcmek ve ayirt etmek  Add DINB solution to each well containing Bloodacre. Bloodscre.
Blood.onirai. ACHE, BChE and BChE Inhibitor Positive Control,

icin spesifik asetilkolinesteraz (AChE; EC 3.1.1.7) ve butirilkolinesteraz ﬂ
(BChE; EC 3.1.1.8) substratlari ile selektif BChE inhibitorunu birlestirir. Prepare AChE and BChE substrates.
Kan Orneklerinin antikolinesteraz  bilesiklerine  maruziyetini ﬂ
Measure absorbance immediately at 412 nm in kinetic mode for 10-
degerlendirmek icin basit, uygulamasi kolay ve klinik arastirmalarda 30 min at room temperature.
kullanighdir.
Notlar

Kolinesteraz (ChE), kolin esterlerini hidrolize eden bir grup enzimden olusur. Kanda iki ChE izoenzimi vardir: asetilkolinesteraz (AChE; EC 3.1.1.7),
ayni zamanda eritrositler veya esas olarak RBC'lerde bulunan gergek ChE olarak da bilinir; ve plazmada bulunan, plazma ChE veya ps6do-ChE
olarak da bilinen bdtirilkolinesteraz (BChE; EC 3.1.1.8). Kan AChE veya BChE aktivitesi, zehirli kimyasal maddelere, organofosfatlar veya
karbamatlar gibi insektisitlere, anestetiklere ve AD'yi tedavi etmek icin kullanilan donepezil veya rivastigmin dahil olmak Uzere gesitli terapotik

ilaglara maruz birakilarak segici olarak azaltilabilir. Bu nedenle, Kan Kolinesterazlari (ChE = AChE + BChE), baskilanmis ve /
veya artmis merkezi ve periferik sinir sistemi aktivitesinin potansiyel biyobelirtecleri ve olasi terapétikleri dogrula

araclandir.

https://www.abcam.com/cholinesterase-activity-assay-kit-colorimetric-ab235937.html



Butyrylcholinesterase Assay Kit (ab241010)

Butyrylcholinesterase (BChE)
Urﬁna dl- Butyrylcholinesterase Assay Kit BChE Substrate ——» Thiocholine + Intermediate
Thiocholine + DTNB —® 5-thio-2-nitrobenzoic acid (TNB)

Tayin yontemi- Kolorimetrik (OD 412 nm)

Arastirma Alankari

» Neuroscience = Neurofransmifter = Acetylcholine

» Neuroscience = Neurclogy process = Neurodegenerative disease = Alzheimer's disease = Prepare Samples, Sample Background Controls and BChE Positive
Other Control as described (total volume of 95 uL each). Prepare standard

» Signal Transduction ~+ Metabolism = Drug metabolism Y-

» Metabolism = Pathways and Processes -+ Metabolic signaling pathways - Drug metabolism ﬂ

> '-,’JI, i —+ i -+ i i c
Metabolism - Types of disease - Neurodegenerative disedse Add DTNB (5 L) to Samples, Sample Background Controls and BChE

Positive Control and incubate for 10 minutes at room temperature
protected from light.

Fonksiyon ﬂ
Norotransmiter asetilkolinin inaktivasyonuna katkida bulunur. Norotoksik Add diluted BChE Substrate (100 L) to Samples and BChE Positive
Control. Add BChE Assay Buffer (100 pL) to Sample Background Controls.
organofosfat esterlerini indirgeyebilir. ﬂ
Doku 6zgﬁ"ﬁéﬁ - Eritrositler d|§|nda Qogu hiicrede bulunur. Shake plate. Read OD 412 in kinetic mode for 20-30 minutes at room
temperature. TNB standard curve may be read in endpoint mode at
412 nm.

Hastalkta tutulum

BCHE'deki kusurlar BChE eksikliginin nedenidir [MIM: 177400].

BChE eksikligi, kas gevsetici suksinilkolin veya mivakuryum ve diger ester lokal anestetikler dahil olmak tzere belirli
anestezik ilaclarin kullanimindan sonra uzamis apne ile karakterize metabolik bir bozukluktur.

Kalitsal durum, bir OR 6zelligi olarak aktarilir.

https://www.abcam.com/butyrylcholinesterase-assay-kit-ab241010.html




ChE testi i¢in tasarlanmigtir

S E C UOR E TE C Home Company Products  Solutions  Contact (")ZGI likleri:
4 dakikada sonug

DETEKTIONS-SYSTEME AG

Parmaktan ornek

el -
Rapid test Cholinesterase ChE check mobile 5- *Tasinabilir

*Kullanici, kritik sonuclari yorumlamak
HOME / POINT-OF-CARETESTING / RAPID TEST CHOLINESTERASE CHE CHECK MOBILE

icin uzmana danismali
Rapid test Cholinesterase

*Askeri ve sivil amaclar icin gelistirildi

ChE check mobile

Point of care determination of Cholinesterase o( 1) Askeri Qat|§ Mmalarda ve te ro rist
Routinely measuring the blood cholinesterase level in the field and in . 0
laboratories: The on-site device is used for in vitro diagnostic Sa Id Irl Ia rda 0] rga n OfOSfat VAS h | rI enmesi

determination of cholinesterase levels in whole blood. Based on the
photometric measurement, Acetylcholinesterase (AChE) and

Butyrylcholinesterase (BChE) activity can be measured in a user- (2) TO kSI k Zi rai kl myasa I Ia rla a kUt
friendly way.

pestisit zehirlenmesi

*+10-50°C arasinda calisabilir.



Main handling steps of the assay
g =

1. Start test by determining the
background value of cuvette

4. Exchange white cap by red
“AChE-substrate” cap

2. Take blood sample and add
glass capillary to cuvette

5. Dissolve substrate in cap by
gently shaking the cuvette

3. Menu navigates user to
measure hemoglobin value

6. Test results are ready within
four minutes

https://www.securetec.net/app/uploads/2018/08/Schnelltest-Bestimmung-Cholinesterase_Brochure_ChE_Enzymtest military use_70507_vO3_EN_Email.pdf

| Acetate | | Thiocholine |

L 5Mercapto-2-nitrobenzoate | + TNB-

Butyrate || Thiocholine |

| +DTNB |

| 5-Mercapto-2-nitrobenzoate | + | TNB-

CHE kontrol mobil test kiti ile AChE (Ust)
ve BChE aktivitesinin (alt) belirlenmesi
icin modifiye Ellman testinin sematik
reaksiyonlari.
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Relevance of Plasma Cholinesterase to Clinical Findings
in Acute Organophosphorous Poisoning
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Abstract

Background: Organophosphorus (OP) poisoning is a major public health problem in developing world. OP pesticides inhibit
carboxylic esterase enzymes including plasma cholinesterase (PChE). Clinical manifestations following OP poisoning can be
associated with the extent of decrease of PChE. This study was designed to investigate the relevance of PChE level to clinical
manifestations in OP poisoning and to evaluate usefulness of PChE in predicting clinical outcomes.

Methods: This was a cross-sectional study which was conducted at Jawaharlal Nehru Medical College, Karnataka from Ist October
2009 to 30th September 2010. Seventy-six OP poisoned patients were enrolled and their clinical manifestations were recorded. 5-ml
samples of intravenous blood were collected from each patient (on first day and fifth day of treatment) under strict aseptic
precaution and the PChE level was measured.

Results: In total, mean age of patients were 25.5 (range: 21-30) years. Majority of patients were males (65.7 %), from rural areas
(86.84 %) and agricultural workers (25%). Main clinical findings at the time of admission were congested conjunctiva (87%), pin
point pupil (83%), lacrimation (80%), vomiting (78%), non-reactive pupil (75%), respiratory distress (60%) and abdominal pain
(37%). Mean (SD) PChE at 6 hours post-exposure was 3672.4 (4200.1) IU/L. At presentation, cyanosis, muscle weakness,
convulsion, respiratory distress and fasciculation were related to cases with >75%reduction of PChE, while, constricted and non-
reactive pupil, lacrimation and congested conjunctivae were related to cases with 50-75% reduction and abdominal pain, dryness of
conjunctiva, vomiting and diarrhea were related to <50% reduction. Deceased cases had the lowest mean PChE level at presentation
(1270.2). Death was mostly observed among patients who had respiratory distress.

Conclusion: A relative relationship between PChE level and clinical manifestations and outcomes was found. These findings can
assist health professionals to better evaluate patient’s prognosis and improve their treatment plan.

Keywords: Organophosphorous compounds; Acute poisoning; Acetyl Cholinesterase; Pesticide



Table 1. Assessment of Severity of Acute Organ phosphorous Compound Poisoning

Mild

SEVERITY
Moderate

Severe

Clinical Manifestations

Plasma Cholinesterase level

Fatigue, Headache, Paresthesia,

Nausea and Vomiting, Diaphoresis,

Salivation, Abdominal pain,
Diarrhea, Able to ambulate

< 10 %

Symptoms of mild poisoning +
Miosis, General weakness,
Dysarthria, Fasciculation, Unable
to ambulate

10-20 %

Generalized Fasciculation, Marked
miosis ( Absent pupillary reaction),
Flaccid Paralysis, Pulmonary
crepitation, Respiratory distress,
Cyanosis, Unconsciousness

< 50 %
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Figure 1. Mean Plasma cholinesterase levels in patients with organ phosphorous poisoning in different times of sampling post-admission.

Devanur R.M.M. Prasad, Prasanna S. Jirli, Mahadevaiah Mahesh, Shivanagappa Mamatha. Relevance of Plasma Cholinesterase to Clinical Findings in Acute Organophosphorous Poisoning. Asia Pacific Journal of Medical Toxicology. 10.22038/APJMT.2013.546
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Figure 2. Level of plasma cholinesterase in association with clinical manifestations

Devanur R.M.M. Prasad, Prasanna S. Jirli, Mahadevaiah Mahesh, Shivanagappa Mamatha. Relevance of Plasma Cholinesterase to Clinical Findings in Acute Organophosphorous Poisoning. Asia Pacific Journal of Medical Toxicology. 10.22038/APJMT.2013.546



-NTIFIC REPg}RTS

VPEN Bedside-measurement of serum
cholinesterase activity predicts
patient morbidity and length of the

pis e A intensive care unit stay following
R major traumatic injury

Aleksandar R. Zivkovic', Karsten Schmidt?, Thomas Stein?, Matthias Minzberg’,
Thorsten Brenner®, Markus A. Weigand®, Stefan Kleinschmidt? & Stefan Hofer*

Major traumatic injury (MTI), a life-threatening condition requiring prompt medical intervention, is
associated with an extensive inflammatory response often resulting in multiple organ dysfunction.
Early stratification of trauma severity and the corresponding inflammation may help optimize
resources at the intensive care unit (ICU). The cholinergic system counters inflammation by quickly
modulating the immune response. Serum cholinesterase (butyrylcholinesterase, BChE) is an enzyme
that hydrolyses acetylcholine. We tested whether a change in the BChE activity correlates with the
morbidity and the length of ICU stay. Blood samples from 10 healthy volunteers and 44 patients with
MTI were gathered at hospital admission, followed by measurements 12, 24 and 48 hours later. Point-
of-care approach was used to determine the BChE activity. Disease severity was assessed by clinical
scoring performed within 24 hours following hospital admission. BChE activity, measured at hospital
admission, showed a significant and sustained reduction and correlated with disease severity scores
obtained 24 hours following admission. BChE activity, obtained at hospital admission, correlated
with the length of ICU stay. Bedside measurement of BChE activity, as a complementary addition to
established procedures, might prove useful in the primary assessment of the disease severity and might
therefore optimize therapy in the ICU.

Zivkovic AR, Schmidt K, Stein T, Miinzberg M, Brenner T, Weigand MA, Kleinschmidt S, Hofer S. Bedside-measurement of serum cholinesterase activity predicts patient morbidity and length of the intensive care unit stay following major traumatic injury.



OZET
Kolinerjik sistem, immune response'u hizli bir sekilde module ederek enflamasyona karsi koyar.

BChE, aktivitesindeki degisikligin morbidite ve YBU'de kalis suresi ile iliskili olup olmadigi?

> > D

10 saglikli gonulluden ve 44 major traumatic injury (MTI) hastasindan kan ornekleri hastaneye

kabulde toplandi ve ardindan 12, 24 ve 48 saat sonra olcumler yapildi.

T\

BChE aktivitesini belirlemek icin point-of-care test yaklasimi kullaniidi.

>\

Hastaneye kabul sirasinda olculen BChE aktivitesi, anlamli ve surekli bir azalma gosterdi ve
hastaneye yatistan 24 saat sonra elde edilen hastalik siddeti skorlari ile korelasyon gosterdi.
A Hastaneye kabul sirasinda elde edilen BChE aktivitesi, YBU'de kalis suresiyle iliskiliydi.

A BChE aktivitesinin yatak basi 6lcimii, YBU'deki tedaviyi optimize edebilir.

Zivkovic AR, Schmidt K, Stein T, Miinzberg M, Brenner T, Weigand MA, Kleinschmidt S, Hofer S. Bedside-measurement of serum cholinesterase activity predicts patient morbidity and length of the intensive care unit stay following major traumatic injury.
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A Hastaneye kabulde 6lcilen BChE aktivitesi, 24 saat sonra elde edilen hastalik siddeti skorlari ile iliskilidir.

A Hastaneye kabulde major travma hastalarindan olculen BChE aktivitesinin ve 24 saat sonra elde edilen

APACHE II (a), SAPS Il (b) ve SOFA (c) skorlarinin korelasyonu

Zivkovic AR, Schmidt K, Stein T, Miinzberg M, Brenner T, Weigand MA, Kleinschmidt S, Hofer S. Bedside-measurement of serum cholinesterase activity predicts patient morbidity and length of the intensive care unit stay following major traumatic injury.
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Hastalik siddeti skorlari, major travmatik yaralanmayi (MTI) takiben
YBU'de kalis siresiyle iliskilidir.

(a) Elde edilen ISS puani, ciddi sekilde yaralanan hastalarin YBU'de
kalis suresiyle iligkilidir.

(b) APACHE I, (c) SAPS Il ve (d) MTl'yi takiben hastaneye yatistan
24 saat sonra alinan SOFA skorlari, YBU'de kalis siiresiyle iliskilidir.

Zivkovic AR, Schmidt K, Stein T, Miinzberg M, Brenner T, Weigand MA, Kleinschmidt S, Hofer S. Bedside-measurement of serum cholinesterase activity predicts patient morbidity and length of the intensive care unit stay following major traumatic injury.
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m RSHMB UZEM (Ulusal Zehir Danisma Merkezi) verilerine gore pestisit zehirlenmeleri
2000 yilinda UZEM’e muracaat eden toplam hastalarin %8,3 (1.518)’unu, 2001

yilinda ise %8,5 (1.472)’ini olusturmustur.

m Ayrica RSHMB UZEM 2000-2001 verilerine gore; pestisit toksisitesi Turkiye’'de en

fazla 20- 29 yas grubunda goruldugunu bildirmistir.

Dawson AH, Eddleston M, Senarathna L, Mohamed F, Gawarammana |, Bowe SJ, et al. Acute human lethal toxicity of agricultural pesticides: a prospective cohort study. PLoS Med, 2010; 26: 7(10); e 1000357.
Cesaretli Y, Ozcan N, Ozer N, Olcay HE. The evaluation of pesticide exposures in the years of 2000-2001 in Turkey. Refik Saydam Hygene Institute, Poison information Center data in the years of 2000-2001.
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GAP Bolgesi'nde Pestisit Satis Yerlerinde Calisanlarda Kolinesteraz

inhibitdrleri ve Karaciger Enzim Diizeylerinin incelenmesi

Fatma MUTLUY', Zeynep SIMSEK?, Mehmet CiCi?

'Harran Universitesi, Fen Bilimleri Enstitiisii, Sanhurfa, Tirkiye.
2 Harran Universitesi, Tip Fakiltesi, Halk Saglig Anabilim Dali, Sanlurfa, Tirkiye.
¥Harran Universitesi, Miihendislik Fakiltesi, Cevre Miihendisligi B6limi, Sanhurfa, Tirkiye.

Tablo 2. Pestisit satig yerlerinde ¢alisanlarin ¢aligma siirelerine gore enzim dizeylerinin dagihimi Tablo 4. Pestisit satis yerlerinde muhafazali oda olma durumuna gore enzim diizeylerinin dagihimi

Calisma Siiresi AST ALT ALP TPROT ALB LDH AChE T
1Yildan az 17.4489  13.8+#8.4  785#36.6  7.3:0.7 42404  274.4%2262  9648.6+2280.1 Oda Dorumu AST ALT ALp TPROT ALB LDH AChE
1-9vil 189485  21.5+14.0 68.7#225  6.5#0.7 3.740.4  216.24153.1  10046.4+2501.5 Evet 183196 1702129 7131229 69108 A0%05 247952008 98874524477
:c:):.gl :: lizeri  19.749.0  27.6#16.9  66.6+14.0  6.4+0.5  3.5+0.4  176.7+34.4 10783.9+2540.9 o 164474 2174452 AT EHOT 38405 222351661 102129422743
ik ;.123 (2)80'3(5)(1’ g;gg gsdggi 286323 ;'ggj “'312 T Degeri 10.083 -2.105 -1.487 1797 2061 0.996 1019
n o X A A N 4 A
age P Degeri 0.934 0.036 0.138 0073  0.040 0.320 0.309

Tablo 3. Pestisit satig yerlerinde agikta triin satisi durumuna gére enzim diizeylerinin dagilimi Tablo 5. Pestisit satis yerlerinde havalandirma dizeni bulunma durumuna goére dagilimi
Agikta Urii Haval

gikta Orlin AST ALT ALP TPROT  ALB LDH AChE b i AST ALT ALP TPROT ALB LDH AChE
Satilma Durumu Diizeni
Evet 18.3+8.6 14.7%9.0 64.6+18.7 6.9+0.9 39404 310.6+255.5 9354.8+2096.3 Evet 18.1+10.2 16.3+12.1 73.4+28.0 7.1+0.8 4,1+0.5 263.1#224.1 9791.5+2493.8
Hayw 18.349.3 19.3:140 6.9:08 3.9:04 39:05 231421817 10051.5+2458.5 Hayr 18.747.7  21.9+414.6  71.6:23.1  6.7:0.7  3.840.5 214.6:143.6  10213+2308.6
T Degeri -0.003 -2.241 -2.340 -0.363  -0.368 2.621 -1.865 T Degeri -0.635 -3.775 0.609 4.973 6.085 2.233 -1.559
P Degeri 0.997 0.026 0.020 0.717 0.713 0.009 0.063 P Degeri 0.934 0.0001 0.543 0.001 0.0001 0.026 0.312

Tablo 6. Pestisit satis yerlerinde ¢alisanlarin pestisit uygulamasinda ¢aliyma durumuna gore enzim diizeylerinin dagilim

Pestisit Uygulama

AST ALT ALP TPROT ALB LDH AChE
Durumu
Evet 20.1%12.2 13.747.9 69.8425.4 7.5+0.7 4.2+0.5 338.0£299.9 9847.3£2326.6
Hayir 16.7+8.1 13.448.6 75.1+28.2 7.2+0.7 4.2+0.4 263.7+£211.7 9329.942295.5
T Degeri 2.235 0.248 -1.215 2.388 0.617 1.947 1411

P Degeri 0.027 0.804 0.226 0.018 0.538 0.053 0.160
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Adryaman Ili Bolgesinde Psodokolinesteraz Enzim Eksikligi

Pseudocholinesterase Enzyme Deficiency in Adiyaman City Area

Ruslan Abdullayev', Omer Burak Kiigiikebe', Recai Kaya', Biilent Celik?, Hatice Kugderci', Mehmet Duran', Oznur Uludag',
Mesut Oterkus', Aysel Buyrukcan', Ulkii Sabuncu', Abdullah Arpact’

"Adryaman [ Tniversitesi Egitim ve Aragtirma Hastanesi, Anesteziyoloji ve Reanimasyon Klinigi, Adiyaman, Tiirkiye

2Gazi Universitesi Fen Fakiiltesi, Biyoistatistik Boliimii, Ankara, Tiirkiye

"Adiyaman Universitesi Egitim ve Aragtirma Hastanesi, Biyokimya Anabilim Dali, Adiyaman, Tiirkiye

Psodokolinesteraz (PKE), suksinilkolinin  (depolarizan  bir ITablo.%.CinsiyetegarePKEeksikligi

noromuskuler bloker) hidrolizinden sorumludur. PKE diizeyi
e A : Normal Diisiik
PKE suksinilkolini once suksinilmonokolin, daha sonra da . "
Cinsiyet n Yo n %
suksinik aside metabolize ederek etkisini sonlandirmaktadir. Erkek (n=262) 249 95,0 13 5,0
- LA - — *
Eksikliginde, normal kosullarda yaklasik olarak 5-10 dakika Badin{n=702)" 6467 920 56 il
*16-40 yas aras1 kadinlar igin farkli referans araligi alinmisur (bk. Gereg ve
stren slksinilkolinin etkisi uzamakta ve birkac saate kadar | Yontemlen PKE:psodokolinestcraz

surebilmektedir.

Yeni hizli ve kisa etkili non-depolarizan noromuskuler blokerlerin kullanima girmesi ile birlikte suksinilkolin
kullanimini Klinik pratikte giderek azalmistir, fakat zor havayolu, tok hasta, elektrokonvulzif tedavi gibi durumlarda
hala klinisyenlerin ilk tercihi olmaya devam etmektedir.

Kullanim endikasyonu olan durumlarda, hastanin PKE enziminin olasi eksikligi dusunulmelidir.




ERITROSIT MEMBRAN ACHE AKTIVITESI -
HASTALIK ILISKISI

m Yasliinsanlarda ve yenidoganlarda azalmis eritrosit AChE aktivitesi kanitlanmistir.

m Farkh yaslardaki eritrositlerin in vitro olarak hazirlanan alt fraksiyonlari, yasli
RBC'lerin gen¢ RBC alt populasyonlarindan daha dusuk bir AChE enzim aktivitesi

sergiledigini, eritrosit AChE'nin yaslanmanin biyobelirteci olarak kabul edildigini

gostermistir.

m Paroksismal nokturnal hemoglobinurili hastalar ve hemolitik anemili

hastalarda, dusuk eritrosit AChE seviyeleri karakteristiktir.

Jaromin A., Korycifnska M., Pietka-Ottlik M., Musiat W., Peczyriska-Czoch W., Kaczmarek L., Kozubeka A. Membrane perturbations induced by new analogs of neocryptolepine. Biol. Pharm. 2012;35:1432-1439.
Herz F., Kaplan E. A Review: Human erythrocyte acetylcholinesterase. Pediatr. Res. 1973;7:204-214.

Hilario S., Saldanha C., Martins e Silva J. An in vitro study of adrenaline effect on human erythrocyte properties in both gender. Clin. Hemorheol. Microcirc. 2003;28:89-98.

Prall Y.G., Gambhir K.K. Ampy F.R. Acetylcholinesterase: An enzymatic marker of human red blood cell &da&ci.1998;63:177184.




ERITROSIT MEMBRAN ACHE AKTIVITESI -
HASTALIK ILISKISI

m Rutin anjiyografi yapilan insulin bagimli olmayan DM hastalarinda, RBC AChE
enzim aktivitesinde bir bozulma ve floresein enjeksiyonundan sonra hidrofobik

eritrosit membraninda akiskanlikta azalma gosterilmistir.

m Parkinson, esansiyel hipertansiyon, glokom, retinal vaskulit, amiyotrofik lateral
skleroz (ALS) ve Hirschsprung hastaligi gibi farkli hastaliklardan muzdarip
hastalardan alinan kan 6rneklerinde gerceklestirilen calismalar, RBC AChE

enzim aktivitesinin artmis seviyelerini gostermektedir. - TANISAL BELIRTEC ?

Prall Y.G., Gambhir K.K., Ampy F.R. Acetylcholinesterase: An enzymatic marker of human red blood cell aging. Life Sci. 1998;63:177-184.
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Coelho H., Azevedo M., Proenca C., Martins e Silva J., Manso C. Plasma dopamine-beta-hydroxylase and erythrocyte acetylcholinesterase in a group of patients with Parkinson disease. J. Neur. Transm. 1978;42:163-166.
Martins e Silva J., Proenca M.C., Nogueira J.B., Clara J.G., Costa J.N., Manso C. Erythrocyte acetylcholinesterase in essential hypertension. J. Neural Transm. 1980;49:127-132.

Zabala L., Saldanha C., Martins e Silva J., Ramalho P.S. Red blood cell membrane integrity in primary open angle glaucoma: Ex vivo and in vitro studies. Eye. 1999;13:101-103.
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Duarte C., Pinto S., Napoleao P., Pronto-Laborinho A.C., Barros M.A., Freitas T., de Carvalho M., Saldanha C. Identification of erythrocyte biomarkers in amyotrophic lateral sclerosis. Clin. Hemorheol. Microcirc. 2016;64:989-994.
Chalkoo M.A., Rashid A., Kakroo S.M., Razvi S.A., Wani A.A. Role of erythrocyte acetylcholinesterase in the diagnosis of hirschsprung’s Disease. J. Pioneer. Med. Stud. 2013;3:79-82.




ERITROSIT MEMBRAN ACHE AKTIVITESI -
HASTALIK ILISKISI

m RBC'lerde artmis AChE enzim aktivitesi, kanda yuksek inflamatuar molekul
konsantrasyonlari, ROS ve reaktif nitrojen turlerinin varligi ile karakterize edilen

inflamatuar vaskuler hastaliklar olan glokom, esansiyel hipertansiyon ve ALS'de

dogrulanmistir.

m Sonug olarak, eritrosit AChE, inflamasyonun bir belirteci olarak kabul edilebilir ?
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A Cholinergic deficiency in AD has received noticeable

> Biomed Chromatogr. 2017 Oct;31(10). doi: 10.1002/bmc.3971. Epub 2017 Apr 18.

A novel assay to determine acetylcholinesterase attention to target AChE for disease therapy.

activity: The application potential for screeningof A AchE inhibitors including galantamine, rivastigmine and
drugs against Alzheimer's disease

donepezil are currently the most important first-line

Liang Peng 1 2, Zhengxing Rong ', Hao Wang ', Biyun Shao 1, LeiKang T, Hong Qi ',
Hongzhuan Chen

treatments for AD.

Affiliations 4 expand
PMID: 28295437 DOI: 10.1002/bmc.3971 A

Hydrophilic interaction liquid chromatography (HILIC)-ESI-

Abstract MS assay has been currently developed to improve the

Acetycholinesterase (AChE) that regulates hydrolysis of acetylcholine (ACh) in the brain, is an

important target for treatment of Alzheimer's disease (AD), a feature of which is ACh deficiency. methOd ]
However, the methods to precisely determine AChE activity are still under development. We

developed a new method to exploit acetylcholine-d, as a surrogate substrate of ACh and measure -

product choline-dy via liquid chromatography-tandem mass spectrometry (LC-MS/MS). This assay A TO eliminate endogenous bUtyI’lehOllneStel’aSe aCtiVity

detected activity of AChE present in the normal mouse brain, which is consistent with the standard

Ellman assay that determines products spectrophatometrically. In AD mouse models, the result of LC- present in tlssue’ 10 uL Of 2 mM ISO_OMPA

MS/MS assay showed significant higher AChE activity than that seen in control normal mice, while
treatment of AD mice with an AChE inhibitor, huperzine A, led to partial decreases in AChE activity.

(tetraisopropyl pyrophosphoramide) in tris buffer was

Our results suggest that this surrogate-based LC-MS/MS method is a new, sensitive and convenient

assay for the determination of AChE activity, providing a useful means for screening active

compounds that target AChE. added to 10 uL brain homogenate supernatants

Keywords: HILIC; LC-MS/MS; acetycholinesterase; acetylcholine; surrogate analyte.

A We developed a new method to exploit acetylcholine-d, as a surrogate substrate of ACh and measure product choline-
d, via LC-MS/MS.

A This assay detected activity of AChE present in the normal mouse brain, which is consistent with the standard Ellman
assay that determines products spectrophotometrically.

Lassiter TL, Marshall RS, Jackson LC, Hunter DL, Vu JT and Padilla S. (2003). Automated measurement of acetylcholinesterase activity in rat peripheral tissues. Toxicology; 186 (3): 241-53.
Naik RS, Doctor BP and Saxena A. (2008). Comparison of methods used for the determination of cholinesterase activity in whole blood. Chem Biol Interact, 175 (1-3): 298-302.
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Point-of-care measured serum cholinesterase
activity predicts patient outcome following
severe burns
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 Department of Hand, Plastic and Reconstructive Surgery-Burn Center, BG Trauma Center Ludwigshafen/Rhine,

Ludwig-Guttmann-Str. 13, 67071 Ludwigshafen, Germany
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Serum kolinesterazin (BChE) yaniklar dahil akut enflamatuar
hastaliklarda klinik olarak ilgili bir biyobelirte¢ oldugu gosterilmistir.
Bu gozlemsel kohort calismasinda BChE aktivitesi POCT kullanilarak
olculmustur.

POCT olcumleri, 35 hastanin acil servise kabulunde yapilimis ve 12,
24 ve 48 saat sonra tekrarlanmistir.

Yanik yaralanmasi olan hastalarin, hastaneye kabullnu takiben
BChE aktivitesinde slrekli azalma gozlemlenmistir. BChE aktivitesi,
yanik yaralanma siddeti, organ yetmezligi siddeti ve yogun bakim
Unitesi kaynak gereksinimleri ile negatif korelasyon gostermistir.
Son olarak, POCT tarafindan 6l¢lilen BChE aktivitesi, kisaltiimig
yanik ciddiyet indeksi (ABSI) skorlamasini tamamlayabilir ve akut
yanik bakimi tedavisinde muhtemelen erken risk siniflandirmasini

iyilestirebilir oldugu sonucuna variimistir.



Ozet

Background: Rektal mukozal biyopsilerin donmus kesitlerinde artmis
asetilkolinesteraz (AChE) aktivitesi, Hirschsprung hastaligini (HD)
dogru bir sekilde teshis eder. Ancak bir tarama testi olarak kanda bir
biyobelirtec arayisl, kisiyi kanda AChE'yi aramaya ve bunun HD

> Indian J Pathol Microbiol. Apr-Jun 2021;64(2):266-276. doi: 10.4103/IJPM.IJPM_567_19.
teshisindeki rolunl incelemeye yonlendirir.

Estimation of plasma and RBC acetylcholinesterase
in children: An evaluation tool for Hirschsprung's
disease?

Amac: Normal ¢ocuklarda plazma ve eritrositlerde AChE aktivitesini
tahmin etmek i¢in distk maliyetli glivenilir bir ydntem gelistirmek

(kontrol) ve bunun HD'deki roliini incelemek (test).

Neha Kuvelkar !, Serena DSouza ', K Vidhyashree 2 Gowri Shankar 3, Maria Frances Bukel 2,

Santosh Noronha 1 Usha Kini 2 Materyal ve metod: Kan icin AChE testi.... rektal mukozal biyopsilerin

Affiliations: — collapse altin standart doku AChE histokimyasi ile karsilastiriimistir..
Affiliations Results: Ellman'in optimum modifiye edilmis metotlari, plazma AChE
1 Department of Chemical Engineering, Indian Institute of Technology, Bombay, Powai, aktivitesini analiz etmek i¢in en uygun bulundu, Wilson ve

Maharashtra, India.

' . . c
2 Department of Pathology, St. John's Medical College, Bengaluru, Karnataka, India. Henderson'in metodu, RBC'lerde ekstraksiyon ve AChE tahmini iin

3 Department of Paediatric Surgery, Indira Gandhi Institute of Child Health Hospital, Bengaluru, optimaldi....
Karnataka, India.
Conclusion: Test kan 6rnekleri i¢in belirlenen, birbirini diglayan AChE

aktivite araligl normal ile értisti ve bu nedenle HD ICIN BIR TANI
ARACI OLARAK KABUL EDILMEDI.
Anahtar Kelimeler: Asetilkolinesteraz enzim testi; Ellman yontemi;

Hirschsprung hastaligl; plazma; Kirmizi kan hicreleri.
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Comparison of the oxime-induced reactivation of rhesus monkey, swine and
guinea pig erythrocyte acetylcholinesterase following inhibition by sarin or
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AChE aktivitesi, bir akis detektorinde

ARTICLE INFO ABSTRACT . . T

online analiz edildi
Article history: Recently, a dynamically working in vitro model with real-time determination of membrane-bound human
Received 11 December 2008 acetylcholinesterase (AChE) activity was shown to be a versatile model to investigate oxime-induced
Receved in reviged fomm 7 jameary 2000 reactivation kinetics of organophosphate- (OP) inhibited enzyme. In this assay, AChE was immobilized on

Accepted 8 January 2009

Available online 20 January 2009 particle filters which were perfused with acetylthiocheline, Ellman’s reagent and phosphate buffer. Sub-

sequently, AChE activity was continuously analyzed in a flow-through detector. Now, it was an intriguing
guestion whether this model could be used with erythrocyte AChE from other species in order to inves-

ﬁmﬁilmemme tigate kinetic interactions in the absence of annoying side reactions. Rhesus monkey, swine and guinea
Erythrocyte pig erythrocytes were a stable and highly reproducible enzyme source. Then, the model was applied
Organophosphorus compounds to the reactivation of sarin- and paraoxon-inhibited AChE by obidoxime or HI 6 and it could be shown
Inhibition that the derived reactivation rate constants were in good agreement to previous results obtained from
Reactivarion experiments with a static model. Hence, this dynamic model offers the possibility to investigate highly
Kinetic analysis reproducible interactions between AChE, OF and oximes with human and animal AChE.

& 2009 Elsevier [reland Lid. All rights reserved.




A Enzim reaktorinin eklenmesinden sonra, RBC'lerin

hemolizinden ve dolayisiyla hemoglobinin
600
yilkanmasindan kaynaklanan iki kisa sureli pik

500
F meydana gelmektedir.

400~
% 300 - A Ach (0.45 mM, 30 dakika) ekledikten sonra, absorbans
é :E degerleri yaklasik 500 mAU'ya yukselmis ve bu
- — seviyede sabit kalmistir.
- 60 120 180 A t =180 dakikada blank degerler (DTNB, asetiltiyokolin

time [min] e . T
ve jelatin iceren fosfat tamponu), enzim reaktorunun
Fig. 1. Time course of AChE activity using[so]id line) an

human red blood cell (dashed line) after addition of substrate ATCh and DTNB. QlkarllmaS| ve tampon blank ba$|ang|g degerine

donmesinden once bos bir filtre yerlestirilmesiyle

belirlenmistir.

Herkert NM, Lallement G, Clarengon D, Thiermann H, Worek F. Comparison of the oxime-induced reactivation of rhesus monkey, swine and guinea pig erythrocyte acetylcholinesterase following inhibition by sarin or paraoxon, using a perfusion
model for the real-time determination of membrane-bound acetylcholinesterase activity. Toxicology. 2009;258(2-3):79-83.




AChE'nin sarin ve paraoxon (PXE) ile inhibisyonu takiben oksimlerle yeniden aktivasyonu
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Fig. 2. Time course of AChE activity from deep-frozen and thawed rhesus
monkey (A), swine (B) and guinea pig erythrocytes (C) after inhibition with
sarin (50 nM) for 30 min (rhesus monkey and swine) or 60 min (guinea pig)
and reactivation with obidoxime (10 M).

Following the equilibration phase, the enzyme was inhibited with sarin (30
or 60 min). Then, sarin was discontinued and after a 10 min washout
phase, reactivation started with addition of 10 M obidoxime. After 130 min
(rhesus monkey and swine) or 160 min (guinea pig), obidoxime was
discontinued and the values of reactivated AChE with ATCh, DTNB and
buffer were determined. After 150 min (rhesus monkey and swine) or 190
min (guinea pig), the enzyme reactor was replaced by a blank filter and the
blank values of the complete perfusion medium, and gelatine buffer only
were determined.

Fig. 3. Time course of AChE activity from deep-frozen and thawed of rhesus
monkey (A), swine (B) and guinea pig erythrocytes (C) after inhibition with
paraoxon (PXE; 1 M) for 30 min (rhesus monkey and swine) or 60 min
(guinea pig) and reactivation with obidoxime (10 M). Following the
equilibration phase, the enzyme was inhibited with paraoxon (30 or 60 min).
Then, paraoxon was discontinued and after a 10 min washout-phase,
reactivation started with addition of 10 M obidoxime. After 130 min (rhesus
monkey and swine) or 160 min (guinea pig), obidoxime was discontinued
and the values of reactivated AChE with ATCh, DTNB and buffer were
determined. After 150 min (rhesus monkey and swine) or 190 min (guinea
pig), the enzyme reactor was replaced by a blank filter and the blank values
of the complete perfusion medium, and gelatine buffer only were
determined.

AChE, acetylcholinesterase; ATCh, acetylthiocholine iodide; DTNB, 5,5-
dithio-bis-(2-nitrobenzoic acid)

Herkert NM, Lallement G, Clarencon D, Thiermann H, Worek F. Comparison of the oxime-induced reactivation of rhesus monkey, swine and guinea pig erythrocyte acetylcholinesterase following inhibition by sarin or paraoxon, using a perfusion
model for the real-time determination of membrane-bound acetylcholinesterase activity. Toxicology. 2009;258(2-3):79-83.
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There is an ongoing debate whether oximes can effectively counteract the effects of organophosphorus
compounds (OP) on brain acetylcholinesterase (AChE) activity and whether there are differences in the
kinetic properties of brain and erythrocyte AChE. In order to investigate the kinetics of AChE from different
tissues and species the well established dynamically working in vitro model with real-time determination
of membrane-bound AChE activity was adapted for use with brain AChE. The enzyme reactor, that was
loaded with brain, erythrocyte or muscle AChE, was continuously perfused with substrate and chromogen
while AChE activity was on-line analyzed in a flow-through detector. It was possible to determine the
Michaelis-Menten constants of human erythrocyte, muscle and brain AChE which were almost identical.
In addition, the inhibition kinetics of sarin and paraoxon as well as the reactivation kinetics of obidoxime
and HI 6 were determined with human, swine and guinea pig brain and erythrocyte AChE. It was found
that the inhibition and reactivation kinetics of brain and erythrocyte AChE were highly comparable in all
tested species. These data support the view that AChE from different tissue has similar kinetic properties
and that brain AChE is comparably susceptible toward reactivation by oximes.

© 2012 Elsevier Ireland Led. All rights reserved.

ABSTRACT




Sarin (30 nM) ile inhibisyondan ve obidoksim (10 M) ile yeniden
aktivasyondan sonrasinda, insan eritrositlerinde (taranmig kirmizi gizgi)
ve beyin dokusunda (dtiz mavi ¢izgi) AChE aktivitesinin zaman sureci
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Fig. 2. Calculated Michaelis-Menten curve of human brain AChE upon perfusion 0 100 200 300
with different ATCh concentrations (0.025-1.0 mM). The Michaelis-Menten con- 2 :
stants K, are shown in Table 2. time [mln]
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e ST S0 dri DTNB ile yikand.. once, enzim reaktoriine jelatin iceren
Brain tissue 101.1 £ 6.5 0.995 + 0.001 l fosfat tamponu (0.1 M, pH 7.4), distile su
The data are given as Ky, (1M) and are means £ SD of 6 experiments. Maksimum aktiviteye ulastiktan sonra, 60 (eritrositlerin hemolizini kolaylastirmak
dakika sureyle 30 nM sarin eklendi. icin) 5 dakika boyunca perfuze edildi|
] Maksimum aktiviteye ulastiktan sonra, 60
10 dakikalik bir arinma asamasindan dakika sureyle 30 nM sarin eklendi.
sonra, yeniden aktivasyon 10 M l
obidoksim uygulanarak baslatildi. Devami soldaki gibi

Herkert NM, Freude G, Kunz U, Thiermann H, Worek F. Comparative kinetics of organophosphates and oximes with erythrocyte, muscle and brain acetylcholinesterase. Toxicol Lett. 2012 Mar 7;209(2):173-8.



insan (A), swine (B) ve guinea pig (C) AChE'nin sarin (insan icin 30 nM, kobay ve domuz AChE icin 50 nM)
tarafindan hesaplanan zamana bagli inhibisyonu.
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Sarin ile inhibe edilmis insan (A), swine (B) ve guinea pig (C) AChE'nin (insan icin 30 nM ve swine ve guinea pig
AChE icin 50 nM) obidoksim (10 M) ile hesaplanan zamana bagh reaktivasyonu
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Conclusions;

A Michaelis-Menten kinetiginin belirlenmesi, test edilen enzim tlrlerinin neredeyse ayni Km
degerlerine sahip oldugunu gosterdi.

A Ek olarak, beyin ve eritrosit AChE'nin inhibisyon ve reaktivasyon kinetigi oldukca benzerdi.

A Bu veriler, farkli dokulardan AChE'nin neredeyse benzer kinetik 6zelliklere sahip oldugu ve beyin
AChE'nin oksimler tarafindan reaktivasyona karsi karsilastirilabilir sekilde duyarli oldugu

gorusunu desteklemektedir.

Herkert NM, Freude G, Kunz U, Thiermann H, Worek F. Comparative kinetics of organophosphates and oximes with erythrocyte, muscle and brain acetylcholinesterase. Toxicol Lett. 2012 Mar 7;209(2):173-8.
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Abstract: Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) can serve as biochemical
markers of various pathologies like liver disfunction and poisonings by nerve agents. Ellman’s assay
is the standard spectrophotometric method to measure cholinesterase activity in clinical laboratories.
The authors present a new colorimetric test to assess AChE and BChE activity in biological samples
using chromogenic reagents, treated 3D-printed measuring pads and a smartphone camera as a
signal detector. Multiwell pads treated with reagent substrates 2,6-dichlorophenolindophenyl acetate,
indoxylacetate, ethoxyresorufin and methoxyresorufin were prepared and tested for AChE and BChE.
In the experiments, 3D-printed pads containing indoxylacetate as a chromogenic substrate were
optimal for analytical purposes. The best results were achieved using the red (R) channel, where the
limit of detection was 4.05 pkat/mL for BChE and 4.38 pkat/mL for AChE using a 40 uL. sample
and a 60 min assay. The major advantage of this method is its overall simplicity, as samples are
applied directly without any specific treatment or added reagents. The assay was also validated to the
standard Ellman’s assay using human plasma samples. In conclusion, this smartphone camera-based
colorimetric assay appears to have practical applicability and to be a suitable method for point-of-
care testing because it does not require specific manipulation, additional education of staff or use of

sophisticated analytical instruments.

Keywords: Carbamate; cholinesterase; diagnosis; Ellman’s assay; image analysis; inhibition; liver

function test; organophosphate; point-of-care
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In order to develop a biosensor for detecting the organophosphate pesticides residues, a novel
acetylcholinesterase biosensor based on immobilized enzyme membrane-electrode separating sensor was
proposed, in which electrode was modified with multiwall carbon nanotubes, and acetylcholinesterase was
cross-linked with glutaraldehyde and then attached to chitosan membrane. During the detection, the enzyme
membrane was fixed on the surface of multiwall carbon nanotubes/glassy carbon electrode with O-ring and thus
the amperometric acetylcholinesterase-multiwall carbon nanotubes/glassy carbon electrode sensor was used
for detecting organophosphate pesticides. The new sensor exhibited good electrocatalytic behavior towards the
electro-oxidation of thiocholine. Thus amplified response current of the biosensor and improved detection
sensitivity. Based on the inhibition of organephosphate pesticides to the enzymatic activity of
acetylcholinesterase, using dichlorvos as a model compound, the conditions for detecting the pesticide were
explored. Under aptimal conditions, the response current was proportional to the concentration of dichlorvos
range from 5 pg/L to 50 pg/L with the correlation coefficient of 0.9921. The detection limit was 3 ug/L, far below
the maximum residue level (100 pg/L) established by European Union for residues of the dichorves in the
vegetables and fruits. The biosensor exhibited good reproducibility and stability and provided a new method for
detecting arganophosphate pesticides residues.
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Abstract : :

antikorlarina konjuge agaroz boncuklar
Organophosphate (OP) pesticides are commonly utilized worldwide for agricultural purposes and
pose a health threat through air, ground, and water contamination. Here, we present a convenient kullanilarak insan serumunda BChE
method for diagnosing exposure to OP pesticides in humans. This immunoprecipitation method relies
on extraction of butyrylcholinesterase (BChE), a biomarker of OP poisoning that adducts OP ekstrakS|yonu
compounds, from human serum using agarose beads conjugated to anti-BChE antibodies. Extracted
BChE was then digested with pepsin and analyzed for unadducted and OP-adducted peptides by high Ekstrakte edi F F F

ilen BChE - ve

performance liquid chromatography coupled to tandem mass spectrometry (HPLC-MS/MS). To pepSIn dlgeStlon LC-
characterize and validate this method, pooled human plasma was exposed to parathion and - c c
dichlorvos to form diethoxyphosphe, aged ethoxyphospho and dimethoxyphospho adducts with MS/MS ile OP'eklenm |$ peptldlel’ aQ|S| ndan
BChE. Untreated plasma was also analyzed for unadducted peptides. Additionally, samples were

analyzed using Ellman’s assay to measure BChE functional activity. The percent inhibition of BChE was anallz

53.5+5.76 and 95.2+0.37%, respectively, for plasma treated with parathion for 1 hour and 24 hours.

The percent inhibition was 97.2+0.98 for plasma treated with dichlorvos for 1 hour. The percent BChE ve BChE addUCtS tan|m|an Masli ve
inhibition was 97.9+0.41% when the plasma treated with parathion for 1 hour, parathion for 24 hour

and dichlorvos for 1 hour were mixed. Individual adducts were quantified in a single chromatographic Olgulmesn’“n, insanlann birden on OP

run. Untreated plasma contained 26.4+1.87 ng/mL of unadducted BChE and no adducted peptides. In

contrast, the plasma sample treated with both pesticides contained no unadducted BChE, but did pestisitine maruziyetinin te§hi3inde fayda“
contain 9.46+1.10, 10.9+0.98 and 14.1+£1.10 ng/mL of diethoxypheospho, aged-ethoxy, and

dimethoxyphospho peptides, respectively. The ability to identify and measure BChE and BChE adducts OlmaS| bek|enmektedil’.

to parathion and dichlorvos is expected to be useful for diagnosing human exposure to multiple OP
pesticides.

Indapurkar AS, Eangoor P, Yeh JS, Vakkalanka M, Cashman JR, Knaack JS. A Method for Diagnosing Organophosphate Pesticide Exposure in Humans using Liquid Chromatography Coupled Tandem Mass Spectrometry. J Anal Toxicol. 2020 Dec
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