[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

(i (ag) Adaa
VYa7 bl ¢ Y bJLA.dAs\~ 594

90l s Se Il (6 g (a3 e ) sl Bnis dani g g (5 318 W35 S g 3al
) 9 (I sladigad a (pleS i)

Sler Lo & e
d‘J:’.‘ Gw\.‘,\:nﬁ g.l‘.:..A ‘}.3"-1.9 @tmﬂ 3 f_,lﬂ om;}i ‘)L‘)')L:—uﬂ“
Ol Ol ¢35 0 Oy Ay ¢ oDkl bbi Ll ‘.;!_,JS:A 59T g A b8 (g gl

moslemjahani@yahoo.com
oS>

- k4

L oese DUl 5 oals @1 baldS 5 US55 o e silie L85 o 68 Sl sl s —ad S 5SS S
SMie ol g s S slie (Sl sl s 3l OS5 i shnd 5 S el e 53 s halS
5 e Ol wle plagsley WDle 5 IS Chle Ole daly 5 ol oos e o Ol L3 Of S
i e 4 IS el sl oo 2l e b 5l 0T el Vsems el 0dd AL Sl
ladle 3 ks Coanl gllE mls 5 L ST 55 OF (o, Sesluil s Crmatas 5 555 g0 ablsl Calises
el Olsea Vb (g pdy bl 5 i s 051 o BB L1l Ol o 5 sl S w0 ]
53 (M Yorr Jlu 5D a8 5 o Sldlas (65,0 e ol 5o .l ol a5 31 S gles S sl iy,
sl 0 oy e 3 2 sl 55 S Ll 5 S (6, S el s (o5 slas s ST ol ey
Sl 5 0 S Bl 3 e ¢y Slled Bd Lolian 5T SV (650 5 i S ey STl 5
b e 1 48l 55y (Saold B b ols S w55 5 s slie

st Slasd pod il S il (el om 5T S a5 la o s lS SlelS

(Fsh sLee o) S Laslans e 5l Ay dalie
3 Sl S s s P ol 3 B sulus Lss «(Cho: Choline) .J,
=7l DT el 002 e o e Jil Cple S ol Ol sy ags (sdis
5 (Jtilind Losaia) ol s o o> JUm) (AcCh:  Acetylcholine) s
> o095 [COR (Et Z. . . 5
Sosr S )_}S.f"'“ij)'.'. » 3 .uc“ﬁﬁ.)';; e 3 M 5 Sty s s Al (L
Foewse 5 bl A8 OAS de gl STy el St g ol JUSl 5 S lie slas Koo <
e GRS 2 Sl S e 5 S e as

\RAY


http://journalofbiosafety.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=moslemjahani-ATSIGN--YAAHHOO-.com&a_ordnum=203
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

"MIVAF ol oY OJM‘\' OJ‘gdsuLugjw\ﬂ.AA"

S Soae sl 5 B6 B12 glaaly
o2 sl wd S LSl b s Vpens (S
5 ALIS-0d S 5 5,8 e wose 0l Sl s
S ek 4y N pame sl & Ol 0 0 S
Lphisn 03938 D558 M O geVpn b 30 5 o
S e vz oS Y geama o3 4 ol [1]
05 WO &S (osba s S i Sl s
e Sk VIV s YO Cl e i S0 5 cle
S e YO sdey SO e Ll ) S
G b e GAds s el O
il e ndsS 08 e YVIY 5 YE/A FY/A (g e
[4]

Al G S a5 S (5 S0

Slye & 0328 5sbay ACCh 5 Cho Lsl= Jl= s
Rlr el ipde el ol e
Olgeas (s Slule 53 SLS 5l (5ol
o bl Fa b s plels Gl s
DY) SIS 5les S eSS 54 o sl
emblie b3, 5 NV V0] el a5 S
33 el Sl gla By edes ([VV] aea
T R e -0
L Sl el sl los s 4> 55 50 (Biosensor)
ol sla i Gsls sl s Jde (el s
s S K s N AT s S
R B B B
& 36 &S Sl sl o5 (RNA L DNA (s SU
Jor il (SJUD) G 68 olans| jasils
Loimd plo sz 85 Sl el sl J 50
Lo (Ol b 3Ws) (Sl I« 1y LT

YFA

g 3 S Sl e (5552 DNA Ol dle
S odd jaseie g 34l Coeal oo Olss 55 e
Sy e JUS Glasa aany ot L8l L
b5 O g odas (JLS 5 Oloss 3 e
S ote) G Adsind) S aslind @ 0l
S ol (0Ll slaclie el 45 (Aoys 0o
allas [E-1] das oo ) lsaes slad ko plos s
Ol 5dsS Sl pame e ) b Al Sl
OG) slda,s Av g Ol e Slhs s VW &S das
Lo o dS dles o3 (oloob o Sl )
polie C3lys b bl by Sdlae glacil Lo
Lol 5 as,s Ve s s oWl oo Cho IS
5 e el 5 (S5 gl ssd e oedys
O3 e 5 065 sl 1y S Sl B lade s
s 00 mg/day 5 £Y0 5 4 (YL 4 Jle)9)
ol 5 e 4y sl 3 Cho JLsl sas s sl
0Ly gl B8 ol Slade dewdl s of =
xS 00 mg/day o> i O3 gl s 00 Lls,l
Smge gl ulul V-4 6] cd sl
sdowte LI 3 sl 0L 5o S il s e s
Se Ol 53 [V o] Ale 555 53 p 5 e YTA
OIS IV s b sk s Ol &
ol ol b ks e oS5 5 (+/6—¢/Ammol/kg)
W a1y 358 50 ACCh falS 55
DT b o (ol ol s ol T 0 iSO e
3V chle 5 Sl Ol e sad sk
boogt 53 Cho chle imen 5)ls 3575 oS
3l Loyl Sy Ol e 4 Sl s 153l
sool 51 B ol & S 65050 Mg )]

3 el ST el emar (pate 5 p e Gl


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

Mot P s Gla S an g 5 (58 ey S Ml (Sl 5 Sl

5 (ChOx: Choline oxidase) 3luwSl S o
Oaohed S5 5 5 ok ST (OS] ) g2 2
O350 Ao 55 (Y 2S15) Llad o A 55 (H202)
Sl 53 Jlaby S 68 K Ol g Jols
Ol s (FLES1) st adeuST sl sl 55,5
Jpame 2580 SpSe3lll ot S5l (o5
S B S ded sl ke
o355 5 «(AcChE: Acetylcholinesterase) ;|
f oalie gaolp s Kl e s O Sy ool
348 6 SANNl 5 edd Sl O3gda ASs

D el S gladie Ll o LS o5
5 s g slasl BB Wse (s S gl
233 oml S wtle 53 Sale VU ol
0P s pe G o esplee UL
W3g Jom BB 5 SJUT oS Olgs 4 5L St
Tl b e Coenl ladis pla b aslis o

T

slad S LM)S SR A -V JLK.M

a L. Cho ‘w;\;w»&iﬁ Ll G e b
AcChE
Acetylcholine + H, 0 —— Choline + acetate + H* (1)
ChOx
Choline + 20, + H,0 — Betaine + 2H,0, (2)

glactroda

H,0, —— 0, + 2H + 2e~

Jiuwc‘amjiﬁfi%xéuu:_,)
slisal il Cof Gl S WSl cagb

6)1.,\;};7) Ca:.wLw;- LL;J)LSJ{ WJJU gb}.\ig;d
3 sk w\@}[w YT a0 g Lgl.aj_{.p

.0 Ji&) Sl ol anlaial L}.O.LW LsLALgJ”J\JL.A\

T T N R

(3)

Iy 070 Jeily 3 g el 4 O oA LS
CJ) VA% Li j) Ag/AgCl & J)):Q\ o Cas

o3ls jasiis (Je 8 & S8l ced
.l AcCh

,-'"‘q

.
W
T
as Jy ~V-

" u:“[‘

el e el il

[YF Y] o3l s Gl slo by, ) S5

b ol JSase el & (PA: Polyaniline)
(PDMS: Polydimethylsiloxane)sles sk a3

S O3 V‘“J"’T (Entrapment) (s3lul S s, s

ekl ek el ol e sda 4 S L


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

"MIVAF ol oY OJM‘\' OJ‘gdsuLugjw\ﬂ.AA"

S ol B r)'\l Sl s Ll (s
LYV Y0 V] 58 wlsl of 0 K wdige 3o b
(I Joee 5o i ) S Olget 055 S
OF GlLbl Lo o5 bl o wal 3 15 e 31 sitU)
315 el Sl 555 ol 5o 1y B o S
53l Coeal Sl ol 65 sl s
S Sdile ady S Olge 4 0530 51 Ve

D] 555 e eslizad

PSS S S eI sl 0 Ml (558 slasy ST
OIS Jel 5

i) Sz OB 5 5y ilen ol 3L
Ll isls (Son Jowly oy 5 cmibin 055
wals ol 53 O ey @lol 035wl
03w Qb aems jle e dsd | LB
35780 e ($3Ledla b oas L 015 n 5 s O
LYAT 5505 G b ¢ il Jlesl L

lass mS o 53 gl e sla g, 51 S
S Olpeas (5 ey slaslie 0503 ($3I01 LS (s 5k
L s pecky o OLISes 5 Doretti .o <=\j 3
s b slie s ACChE 5 ChOX s o
Pt 5 3l #oal sl ol 5l 5 sbwl (PVA) S
J5 Oy mﬂ 33 opl Olosen Sl 3 S oslizul
w3l Sl s e 5 e selegilse PVA
4 (PEG) JsSUS kil L eas ~lol ChOX
slaos S LPEG .ol sl eslinel ACChE ol yan
Lom bofsn b Llg e 255 2Ll JeuS 5 S
Consles ChOX sl 5 5l 5 03505 L1350 oiVlgsS
dpone sdki Slol ChOX eyl & S

V.L:é E) ol a)jj'.é\ PVA éﬁb d_}lm “ AcChE

Vo

T Pxder Sod SN Sose 4 s Ik b
OF cds 5 ol 25 il o (POl 45
Wl o ol ol S o5 o0 Lot
03 Gl ot sl 55 5 s e Sl S
G il e sdome |y O Sl B8 il
ot wsld iy, (poe OVl L bl
2L KK L L e bl ol S
e el J2) Sl b dele s S sam
ol Jdas oy opl isd e Ll (68
sbdsSse Ole 8 glecd Lol sbwl
Jlea= ol sl ege bl ol LI ¢t
clx N ] Wil Bl cdls rals
Slagr Ll s ol 5 o b
(p Sl b Sl 5 sla 2iSlan 5 Wl
S5 el el (b e Sl o (el
rAeS 5 5 s DAd b Jole 45 s el
(FPUR R S S W P PR N [P PR PR

Al el plad B S VS S
Sl S o ble Gl S 5k Sl Lls s
S T ST B RT-ET S |- G| ET
oo ol 03 st Jeate e a4 YIS
Se Ll oy bl sl Gly 20 oL
Sl gl el L s ey e 51 ol
sl 31 S 5wl ois OKe 5 s
S5 e b b bl T Jld slaolss
) ons oS S oekd b e KOs
(pdteed b s Joo) B0 JI5 51 (e
37 A 03 Sl (S 3Tl 0l slgniy
o) Al s B sl el glacaa


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

P i) G K dra g 5 (50 glas xS el (Sler 5 Sl

53 5 Y VU ChOX/PEL glaa sluss il
St gk @Y A G ChOXIPDDA 55 Ul 5 50
b s Sl AU A apd e L5 e 5 Sl
ol odalive ol Lol ol oy ] ok (5535618
Sbl 51 e (60l pa Ol 5l 3k Ll
kst PDDA (slae s A3l a0y 5318 L & slie
FoS Saddsh b peld 5 L PEL I Jes 23
ool 350 Sl el ST e e ol
sl ChOX/PDDA il ,; 55 ChOXIPEI (15 L, ok
PEI L3 0005 mie gk 358 Jdoa o2 5L &S

[re ]t .

Sl (gsls el S Ol w T L
# e p RIS Sy s 5 il YL
IV wles o 1y 05,531 Jlasl Ll e 5 3l
PA 315 55 I el sl OLea 5 Langer
Gb S5l b W esliad g kbt
5 Al ol s Sl s ) Pl slad S
Sl 2 ;w.jj gty s g
PA sladsse oiss Ole S Gla fiSan
S &Y 4wl s 3 slaes S 5 (e L)
S Sl S Olpea il Lss fans
55 ol 4 PA 85 aul s ol 5 S e Jes
S epd s 5 5l wpl U s
o3l S 3 LSS el i gl o el
ok Y & (PH=6.5-7) T Jome 5l 5T 05 o>
i e pss Sray bl el ads eslisd PA
PA &Y (glat > als/ luS| o xe s iy
VG /Y 5 el Sl b 3T Jslone 0553
aokd oslal S G SUl oy ol 035 401V
iR oy Sl Sl 5 So5 dm Ad s s

Yo

S50 2 S5 ke (pl 56 5l Jol-
ol o3 Bls 5o S e olE D 5 Sl e
oy G e 0dd b e Jlall ek S 5
S asdie S Sl S sal e Ll
ISl s ol e s sl il
PVA U550 51 w3l Gisl 5 516 asd e e

Y] 55 Canila

sy S s sl e slaig 5 K S
Y el Py s e SN sl ool (g5
Los dsbe 506 5 alds I cnd Y o
e el w655 Sl S slaail
o il Gxome SIU lagks Olp 5 3sd
5518 s S S PED) ) 31 s 5
ey Sl i b el 5 SSE L
s Jmasaidy Wl eosls (Sawr PH & 0T (55
P oSk O (PDDA) wllS o s el
:yjl.@lpH)lJinTJgﬁcb)wl
Sl el K olgsa Olg s 5 ChOX
o) S5l abas 51 VL s oS 5 S esland
O o sl s oepty 5 A3l o 050 5 (PH=8
sslizal PH=8 L livd 3L 55 w3l s
ok Lo [ Pt sy SOl O Sas 5 Shil s 55 s
(PAAPVS) ol g Liws o/ cpel  WT L 5
3 PED) o Sl Jgloe 0953 g 5 0l
e 2 5558 Y SO L Lles 5,5 (PDDA L
ChOX Jslos 0555 53,501 canlsl 53 355 sl
Gk 3o mPl oS 3 (pH=8.0)
s Jee s o (S Gl S
ey 3l b 3l b ospda SSS

b Obosan das o Ol s por ) 5r 5 sl L;‘”..J.j


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

"MIVAF ol oY OJM‘\' OJ‘gdsuLugjw\ﬂ.AA"

o g (Bl o 5 shenST D350 e (518
S5 Sl Db Wl gla il Olgeay B ol

IFE YY] s eslinaal Og I JUal
5 HOz lsh s olil 8 S0k
e Jeilty 40 Y gene (S (6 505l (5ls S
(Lo S o 0 s 4V 51 o) (VL s
S Gl sgb 4 e S a0 L
51 eslinal 58 e il Jless 1S slaa S
(S ity 2alS (sl e Pl else
e Jall Cyr Llg o 350 Aoles
55 78N 550Ng o)y S 3 AL ke
Loeds ool 5500 L 1y a2l P
(CNTs: Carbon nanotubes) .S sladyst
Solesks Lol Ptomlaw disge avglis
15 Bhse b o 5 ONTS O il 5
CNTS 350 5 sl 0l 0dils 5y (1) o) ChOX
3o 5 oS0 oS enls 35 1, H20p L2ulusST 0L >~
Bl e 5 ol 0s S Jliml gladl s
NV a0 A S O5 s kS5 pulesT feily
sl Gl el a bk oS sl Jhals o
2SS s lial) spde e el S
S (Wpd oo ST 5 /A 50 sl Ll
PUChOX 5501 (sl das o 0L s o
Lol 5 b el (sl Al (o Lo S
L o e ol Slacaslse Sy Sl
w30 L PUCNTS/ChOX 55 xS aS J- 55

I10] Gl 4150 (5 S

LS‘J" ML\MA Lf':)) )‘ YooV JL.» B cjjf U’SM
olas @Lﬁ 3 gad eslial P sy S Cko.ﬂ C}La\

Yoy

m&idjkjidt{rﬂw‘)abﬁdjljﬁp
jlmd_}lﬁw})z 6\5;5“})3 duLﬂ;aJ.::a.‘s‘d_}.b

YTl e JJE ho @ 55, 8

Jhoee 05,5 PU s Sl il (6503 Jhasy o
el oy 5 48,5 O3 sl g dd 5 ]
s plail (LVOV) ol Jonsley 3 bt I
Loy Al Jsl=s 05,5 PA (’L‘ﬁ calsl s Lol
3355 Aol 5 ol eliml (=4 /PV) il Jlesl
el Jlasl b 55,8 o 51,3 ChOX (5 5L Jloms
L) w5 (pl b s 358 0 AT sdoms (410 V)
o gl (e DL L) sl (s 0555 (ke L

I el

(NPs: Nano-particles) sl s s 31 ke ¢l5il 5
S s el sblpl sl ol
o sl S e sl b S ol
A8 o Wl 5 Falie gl D OLas b e
N Sl 58 9 e CE.A Sl e Lol
L it Sl e o SKome i 15 N
Rl 3 ok s 1 OT Clad 56 o 2aS
) S sS g Al e 5 At Sla0k 515e U
S Gl Slial U1 sla,miSan s b Sl
Mo D)3 5l b)) iVl S sl gy K25 a2l
5 ool slaes $ 5 (GNPs: Gold nano-particles)
Llpor 5o (onSsn 03 s Sladly 55
ool b ol as,s AL S
5 S BBl alS o L5 e ok 659506
Sl Sy Sl e saledS G
Vyars) NPS Uluy Slasgast 358 ,Sssy


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

P i) G K dra g 5 (50 glas xS el (Sler 5 Sl

oS 1 OL x5 analS ok 05,0 WS 558 o e
[PV] aes e

354 &l2) GNPS 5l Olojen 6,505 anllas s
ol ey (0o Al Ul e 5 (S0 S gl
PDDA 35 5 (Sl x bk L3 2540 <) CNTs
rhe JeS5 S Glaes Sl Lol sl eslazal
Glaos S 5 esls [uSls clis slas me L CNTS
DS bl e bl w53 Jld (5
claw 53 —SH (slacs S ¢ oaliowr Ll Jale CNTS
Vs sS Jlasl gl SIS a5 5,5 e 415 CNTs
3yl e Db Sl Oleabl (sl .l GNPs
L 3L Syl e 51 5NG s ChOX J sls
L NPs ‘vw'j CaS Gl p s ok eslizul (PH=7.6
Sl Sl fle b L e byl 3T J s
Sl Lol ) ml Sl s Skl S
T S50 5 ot 0S| PDDA 0555 s 5 358
el 2580 Gl el S e Ul 2 S
L o 3ol 55 51l 1 4 CNTS-GNPS L ot
ool CNTS L ok 2ol 352801 41y 55 5 GNPs
WS JUasl gl ol Stzal 5 S oS
Sl AV mhaw Cxlee 555 6550 e
IPAT ol 5T iy Sl Jlas!

3l 5l OLes 5 Hou oo s alie S8 s
Slpen o sl bl 5 Ji- e sy
Sl L3305 03Uzl Pt <l 5 ACChE 5 ChOX
Coand 35 48 ok o3l b yme 51 o Jgous g
Jomie &5 5l Do oSse 55 Slaes S s
e Gl e S 5 Ll e o
5 Wl Cend s S s sbml iyl 5 CNTS

\ov

CNL sob; CNTs Ses L;urg; BEX
s esls s a1y S Conle 5 5 Y50
el b S1e alols ONTS (s ol 253
B yhr FAS O S I 5 i 3 Sl e U
leSl il edd 2ol 5 pls PE sy S
IEYPE RARCAPRVA T RPRVS AEPRUN L PUN DY o P07
o 2 L Gl el LS 4 CNTS oy
s w5 oS e |y (65515 01 Ll oS
Locrlr odle disu o dpp 1) Cowle O
Sur b odd S5l il i il
ol ot slie o Ll e I s S
sl 5l ol 4 e Jlail b 5T slad S350
CHlpS o S S Sl s eda Ly
5 g 358 Glos [ (pemay Lgd s
Sl mob ek s el OY g

D e 208 5 S
sl ,ls Jole CNTs O Ken 5 Qin (Y04 Jl s
b bl 53 s s PE 3 Sl mlaw s
ol Sl S S e [ PAA Jyloms 35,50
~COOH (slaey S Lo i kil 5 oo 5 251> e JL L
Sadsle sils 25l G Lpd
Y b 555 PDDA 5 5 PVS 0.l L
0555 0T Jbs 4 5 Llign 1 0T o Su8 k
el 258 5,8 e 13 ChOX (3L J sl
Sl slagal PUL aslie 55 CNTS L ol
JUzl LUlg 5l B wlad jsba &S 5l e
slagY sl il ol CNTs S S
5 Sz &b ulsl @Y A b ChOX/PDDA
oRIB SN A0S 3l el a1 ol 5 5

)l cJIL\L.:a le.fhﬂ\.iy Ll (ol ol g;.:a.ﬁ V':Jj )‘Ju?.a


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

"MIVAF ol oY OJM‘\' OJ‘gdsuLugjw\ﬂ.AA"

Sad) sl Sl bl Sl sl e
L ook cpl 4 lssed el (VY N ol
bla;:\e;&;-j}a;u@;gicdj—J.wui:})j‘onﬁa\
U .DJ:S/L;O )‘J_; ChOX J).LN Lo JALQ..; BLEE ol
Q)ymrﬂfiboﬁ)‘j)b:w}}&ubﬁfi
S et 5 ol odls S s Gl ply Slmis
Jsa il VU ol 5l U S e
e)ﬁUJj‘ﬁjTng‘@jM&JjﬁjT
edr,;S J.)M.: Lol 345 o L~ Hus Jwﬁ; B
ol slaclle 53 egsa Fmul o T O
Lo PH L 5 3L g5 4 s 5 0350 215 Cho

[i'] .))l.) JQS C,'.;MLw?-

) S S 53 o3 a8 b Ol
5 Olegir el laes S ol odd esland
Ol GO sS b Ll e s slad 5T 50
Jome b (O5Ss5e L Jre) el
@ Sle 5 S Ll saepd anas gl Sl
53 ol Sl S Ol VIS sy S
LV dolsil o 0 e Il 4 O sl
Shevum) plasy iy Ko O Ks 5 Santos
5 0586 Ul 0355 1) 1 PUIN (90:10) e
5 0SSl ol sl Cul Jome
s 31l omm S 5 Ol sl
doslie 53l Sl gy cpl Kl es 53 (5]
SaS 4 pos ) S s
(638 p sl Sl il 52 Al 518

JEV] el 03 ¢ JJJSJAJCJMLSL:}

\o¥

Jlasl gl 1) ambgn o 5505 2525 o glaes S
>3 PDDA 5 CNTs luzl .55 s V,JJ; GNPs
a5 15 PDDA/CNTS 550l sl 3 1l
15 Joo dslome Jals b sl L PE mlaws s o
355 o oLl 5 PDDA/CNTS &y 5lS 5 /ChOX
3356 GNPs Jglowe 0555 55 281 05053 L
35 /80 g Joate oy -SH slaes S 5 b
ACChE 5| sladshone 033 sl & ol Lol
S ul 3 s e e3p 52 PDDA
Sl gl Jawlsd>  Olgee, PDDA/CNTS
sl 2Sea, b 51 AcChE 5 GNPs
3 GNPs 5 (cuie L L) PDDA Ol Slial s I
i 4 ar g L .AS s Jes (i 5L L) ACChE
AT 03 e Pl onl ACChE (PH=5.0) G U1 3|
oolsl Jldie CNTS s sjls e L al>
i e Y 5l ke oS il asls Jal53l 1 55
e JUsl 5 058U JUE) oS s Ol e
Caglio lade 51 GNPS Oad 35380 L Ll .l
] 33 S 4 ACCH om0 o xS
333 G edason OLE Loy s (S 59
33,59 Gl oly il 53 PDDA-ACChE &Y
cdle s ol s 4 Yl 45 5510 Jlos «
AcChE 1100 U/mg ! ,2) e 51 s (5555061

[r4] A5l e (ChOX 17 U/mg (sl

S sl 0 J5 - B, L 0s S s
Cui s gla s, 5l 5 (Mesoporous) o i 5e
S oL S BT S ) s ol 5T
Ol i o3Il S pl el ASL e Hla s n e
b LB T sl b Glae st slge ol

$ly OLea 5 Shimomura « 2a 55 55 [V] ol


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

P i) G K dra g 5 (50 glas xS el (Sler 5 Sl

OalsS el 5 5dsS 6 S 0sladl (sl oat Mol (315 (slaog 2SIl (SleuS g anmlie Y Jgu

e c.llﬁ LS)L'\ili ub)‘ J:..uk.'l C,\:..ulm:- Jo- ‘;"Ja.l.o n,....\S" C)Lp‘ U’:-’J b‘,)."g.“
Gy S0 M Amm)
(mM) () (M) (UM)
[29] s Y. \Y» v J8Y0 v Yeroo PVA/ChOXx- Pt \
PEG/AcChE
[29] vt v R TAY CEYY Y RS PVA/ChOx- Pt v
) PEG/AcChE
oS
Bl e - Ve oA A4 o0 JNeeio  PAAPVSIPEIChO Pty
X
EUREIT Y - Vo oA a4t '/0 Ve e—o PAA/P\r/]%/PDDA/C Pt ¢
X
[32] - Y. _ s s _ Be_Ye PA/ChOXx Au o
(amprometry)
[32] _ . _ /4 Voo _ Yoo PA/.ChOX Au 1
(potentiometry)
mV/mM
[33] V/e Y Yo /0 WA oY Yeeoo PA/ChOx Pt v
mA/M.cm?
[35] - >y A AT q/vq " Veeoo CNTs/sol-gel, Pt A
ChOx
[36] /sy . \ Yo Q/sA /o Voo CNTs/sol-gel, Pt q
ChOx
[37] - Vo A A yY/oY oY JYeeo CNTs/PVS- Pt Ve
PAA/PDDA-ChOx
(B8l ey oy Voooore a1y oY ovay GNPs- Pty
CNTs/PDDA-
ChOx
(EE] I e Vo ro ¥/ra0 \ e g00m0 CNTs- Pty
) ChOx/GNPs/PDDA
oS AcChE
[40] . yya A \/§ o \/Yo 0 Av oo Mesoporous Pt -
membrane-ChOx
[41] vt - \/$ - AT AT VorT Chitosan- PtIr g
benzoquinone-
ChOx

59m5 b oS 545 e eslizal Cho, AcCh (5,851
S el s eap p0ls s OIS Osp ytedes
oo Al Sl gsleie 5 sl (Al
A e Sl s b S Ol
52 Kl oS glagg Seslul 3 lons oKl
SNy dpas s b i b S
el (o5 b s abardis S Sla iy 4 w3

uﬁ;Sb Jj.brw ng.l.\iubr.h\ J..'GJW .J).JL;o

Vo0

S S 4o

058 S 6LAJ.<}L1.§ S ol Lgﬁfe)'\.)u'\
(s Sl pl ane 5o B e sley
Coonl i lagsls Sloys ls fasly SL5) s
BERNAR Y IV I R P e © Lgﬁfe)'\.)u'\ 3 5ls
Sl slais 4 e 5 e ladi s
03l 5 YL g adoll b el 5

Slp SSsls S iy, 5l el J-


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

"MIVAF ol oY OJM‘\' OJ‘gdsuLugjw\ﬂ.AA"

3 Shs il el ol 31 eslinad 5 dis
dslle Ol jmets S das o alS 1 K
S b S s DS 5 a5 Sl S
ol s e olal gl Ks Sis ol Sl
— ISl ol ol ok alie (V) s s Wi
L g & mpl s & ol gl o
slie Lo Jglme Sl 3 Ll das e 0L
VMG b S5 ) TV MG et
S o B L Ll sl L oS 5 )
Il ol G e D gd e atlS OF s
llad ot o B S Al 0L 5SS
255 Sl Sl SR bl 5wl ¢ 2

LEY Y] 50

References

N O e s
@3l Gl S sl e b K ol bl
S a5 ope el sl S Sl gl
5 ol L ‘vﬂiﬂ S e sl ol Goa
S e s J5b s il ok Nl
Sl e S Jlasl gla sty asoled
L R VIS PR IV ey SR WS P
Al e oSl LB e o nl S 5 askis
5l 2 (R e K5 e D30 s 8
P e 258 G p ol 5 Coles s
5 GL 1 6 eS NPS (555 5 sl
RO P SR QYCH B PY HPS PUPUSE W JYCW [P
5o sl S sk sl

Barkhimer T.V. Kirchhoff J.R. Hudson R.A. Messer Jr W.S. and Viranga Tillekeratne L.M.
(2008). Electrochemical detection of acetylcholine and choline: application to the quantitative
nonradiochemical evaluation of choline transport. Analytical and Bioanalytical Chemistry. 392(4):
651-662.

Chen Z. Ren X. Meng X. Chen D. Yan C. Ren J. Yuan Y. and Tang F. (2011). Optical detection
of choline and acetylcholine based on H,O,-sensitive quantum dots. Biosensors and Bioelectronics.
28(1): 50-55.

Sattarahmady N. Heli H. and Dehdari Vais R. (2014). A flower-like nickel oxide nanostructure:
Synthesis and application for choline sensing. Talanta. 119: 207-213.

Zeisel S.H. and da Costa K-A. (2009). Choline: an essential nutrient for public health. Nutrition
Reviews. 67(11): 615-623.

Zeisel S.H. (2011). The supply of choline is important for fetal progenitor cells. Seminars in Cell &
Developmental Biology. 22(6): 624-628.

Rahman M.M. and Asiri A.M. (2015). Selective choline biosensors based on choline oxidase co-
immobilized into self-assembled monolayers on micro-chips at low potential. Analytical Methods.
7(22): 9426-9434.

\of


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

P i) G K dra g 5 (50 glas xS el (Sler 5 Sl

Alegret S. (1996). Rigid carbon-polymer biocomposites for electrochemical sensing. A review.
Analyst. 121(12): 1751-1758.

Zeisel S.H. Mar M-H. Howe J.C. and Holden J.M. (2003). Concentrations of Choline-Containing
Compounds and Betaine in Common Foods. The Journal of Nutrition. 133(5): 1302-1307.

Richard C. Lewis E.D. Zhao Y.Y. Asomaning J. Jacobs R.L. Field C.J. and Curtis J.M. (2016).
Measurement of the total choline content in 48 commercial dairy products or dairy alternatives.
Journal of Food Composition and Analysis. 45: 1-8.

Caudill M.A. (2010). Pre- and Postnatal Health: Evidence of Increased Choline Needs. Journal of
the American Dietetic Association. 110(8): 1198-1206.

Richman E.L. Kenfield S.A. Stampfer M.J. Giovannucci E.L. Zeisel S.H. Willett W.C. and
Chan J.M. (2012). Choline intake and risk of lethal prostate cancer: incidence and survival. The
American Journal of Clinical Nutrition. 96(4): 855-863.

Zeisel S.H. and daCosta K.A. (1990). Choline: Determination using gas chromatography/mass
spectrometry. The Journal of Nutritional Biochemistry. 1(1): 55-59.

Kirsch S.H. Herrmann W. Rabagny Y. and Obeid R. (2010). Quantification of acetylcholine,
choline, betaine, and dimethylglycine in human plasma and urine using stable-isotope dilution ultra
performance liquid chromatography—tandem mass spectrometry. Journal of Chromatography B.
878(32): 3338-3344.

Xiong Y. Zhao Y-Y. Goruk S. Oilund K. Field C.J. Jacobs R.L. and Curtis J.M. (2012).
Validation of an LC-MS/MS method for the quantification of choline-related compounds and
phospholipids in foods and tissues. Journal of Chromatography B. 911: 170-179.

Dai H. Chi Y. Wu X. Wang Y. Wei M. and Chen G. (2010). Biocompatible
electrochemiluminescent biosensor for choline based on enzymeltitanate nanotubes/chitosan
composite modified electrode. Biosensors and Bioelectronics. 25(6): 1414-1419.

Dai H. Wu X. Xu H. Wei M. Wang Y. and Chen G. (2009). Fabrication of a new ECL biosensor
for choline by encapsulating choline oxidase into titanate nanotubes and Nafion composite film.
Electrochemistry Communications. 11(8): 1599-1602.

Mazzetti S. Bracco C. Regge D. Caivano R. Russo F. and Stasi M. (2013). Choline-containing
compounds quantification by 1H NMR spectroscopy using external reference and noise
measurements. Physica Medica. 29(6): 677-683.

Putzbach W. and Ronkainen N. (2013). Immobilization Techniques in the Fabrication of
Nanomaterial-Based Electrochemical Biosensors: A Review. Sensors. 13(4): 4811-4840.

Wilson G.S. and Gifford R. (2005). Biosensors for real-time in vivo measurements. Biosensors and
Bioelectronics. 20(12): 2388-2403.

Sassolas A. Blum L.J. and Leca-Bouvier B.D. (2012). Immobilization strategies to develop
enzymatic biosensors. Biotechnology Advances. 30(3): 489-511.

Wang Y. Xu H. Zhang J. and Li G. (2008). Electrochemical Sensors for Clinic Analysis. Sensors.
8(4): 2043-2081.

Sadeghi S. Fooladi E. and Malekaneh M. (2014). A nanocomposite/crude extract enzyme-based
xanthine biosensor. Analytical Biochemistry. 464: 51-59.

Sadeghi S. Fooladi E. and Malekaneh M. (2015b). A New Amperometric Biosensor Based on
Fes04/Polyaniline/Laccase/Chitosan  Biocomposite-Modified Carbon Paste Electrode for
Determination of Catechol in Tea Leaves. Applied Biochemistry and Biotechnology. 175(3): 1603-
1616.

\ov


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

"MIVAF ol oY OJM‘\' OJ‘gdsuLugjﬁ\ﬁ.AA"

Mohamad N.R. Marzuki N.H.C. Buang N.A. Huyop F. and Wahab R.A. (2015). An overview of
technologies for immobilization of enzymes and surface analysis techniques for immobilized
enzymes. Biotechnology & Biotechnological Equipment. 29(2): 205-220.

Datta S. Christena L.R. and Rajaram Y.R.S. (2013). Enzyme immobilization; an overview on
techniques and support materials. 3 Biotech. 3(1): 1-9.

Wang J. and Angnes L. (1992). Miniaturized glucose sensors based on electrochemical
codeposition of rhodium and glucose oxidase onto carbon-fiber electrodes. Analytical Chemistry.
64(4): 456-459.

Willner I. Katz E. and Willner B. (1997). Electrical contact of redox enzyme layers associated with
electrodes: Routes to amperometric biosensors. Electroanalysis. 9(13): 965-977.

Johnson D.C. and LaCourse W.R. (1990). Liquid Chromatography with Pulsed Electrochemical
Detection at Gold and Platinum Electrodes. Analytical Chemistry. 62(10): 589A-597A.

Doretti L. Ferrara D. Lora S. Schiavon F. and Veronese F.M. (2000). Acetylcholine biosensor
involving entrapment of acetylcholinesterase and poly(ethylene glycol)-modified choline oxidase in
a poly(vinyl alcohol) cryogel membrane. Enzyme and Microbial Technology. 27(3-5): 279-285.

Shi H. Song Z. Huang J. Yang Y. Zhao Z. Anzai J.l. Osa T. and Chen Q. (2005). Effects of the
type of polycation in the coating films prepared by a layer-by-layer deposition technique on the
properties of amperometric choline sensors. Sensors and Actuators B: Chemical. 109(2): 341-347.

Sadeghi S. Fooladi E. and Malekaneh M. (2015a). A New Amperometric Benzaldhyde Biosensor
Based on Aldehyde Oxidase Immobilized on Fes04-
GrapheneOxide/Polyvinylpyrrolidone/Polyaniline Nanocomposite. Electroanalysis. 27(1): 242-252.

Langer J.J. Filipiak M. Ke cinska J. Jasnowska J. Wlodarczak J. and Buladowski B. (2004).
Polyaniline biosensor for choline determination. Surface Science. 573(1): 140-145.

Ding S. Shan D. and Sun Y. (2009). Bioelectrochemical response of a choline biosensor fabricated
by using polyaniline. Science in China Series B: Chemistry. 52(12): 2275-2280.

Luo X. Morrin A. Killard AJ. and Smyth M.R. (2006). Application of Nanoparticles in
Electrochemical Sensors and Biosensors. Electroanalysis. 18(4): 319-326.

Song Z. Huang J-D. Wu B-Y. Shi H-B. Anzai J-1. and Chen Q. (2006). Amperometric aqueous
sol—gel biosensor for low-potential stable choline detection at multi-wall carbon nanotube modified
platinum electrode. Sensors and Actuators B: Chemical. 115(2): 626-633.

Song Z. Zhao Z. Qin X. Huang J. Shi H. Wu B. and Chen Q. (2007). Highly sensitive choline
biosensor based on carbon nanotube-modified Pt electrode combined with sol-gel immobilization.
Frontiers of Chemistry in China. 2(2): 146-150.

Qin X. Wang H. Wang X. Li S. Miao Z. Huang N. and Chen Q. (2009). Amperometric choline
biosensors based on multi-wall carbon nanotubes and layer-by-layer assembly of multilayer films
composed of Poly(diallyldimethylammonium chloride) and choline oxidase. Materials Science and
Engineering: C. 29(4): 1453-1457.

Qin X. Wang H. Wang X. Miao Z. Chen L. Zhao W. Shan M. and Chen Q. (2010).
Amperometric biosensors based on gold nanoparticles-decorated multiwalled carbon nanotubes-
poly(diallyldimethylammonium chloride) biocomposite for the determination of choline. Sensors and
Actuators B: Chemical. 147(2): 593-598.

Hou S. Ou Z. Chen Q. and Wu B. (2012). Amperometric acetylcholine biosensor based on self-
assembly of gold nanoparticles and acetylcholinesterase on the sol-gel/multi-walled carbon
nanotubes/choline oxidase composite-modified platinum electrode. Biosensors and Bioelectronics.
33(1): 44-49.

VoA


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.9.0
http://journalofbiosafety.ir/article-1-203-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-27 |

[ DOR: 20.1001.1.27170632.1396.10.2.9.0 ]

P i) G K dra g 5 (50 glas xS el (Sler 5 Sl

40. Shimomura T. Itoh T. Sumiya T. Mizukami F. and Ono M. (2009). Amperometric determination
of choline with enzyme immobilized in a hybrid mesoporous membrane. Talanta. 78(1): 217-220.

41. Santos R.M. Laranjinha J. Barbosa R.M. and Sirota A. (2015). Simultaneous measurement of
cholinergic tone and neuronal network dynamics in vivo in the rat brain using a novel choline
oxidase based electrochemical biosensor. Biosensors and Bioelectronics. 69: 83-94.

42. Keighron J.D. Wigstrom J. Kurczy M.E. Bergman J. Wang Y. and Cans A-S. (2015).
Amperometric Detection of Single Vesicle Acetylcholine Release Events from an Artificial Cell.
ACS Chemical Neuroscience. 6(1): 181-188.

Modification of the metal electrodes and development of the enzyme bio-sensors for the
determination of the choline and acetylcholine in the food and biological samples

moslem jahani”, alireza jahani
*Assistant Professor, Research Institute of Food Science and Technology, Mashhad, Iran
MSc Student of Microbiology Biotechnology, Islamic Azad University, Central Tehran Branch, Tehran, Iran

moslemjahani@yahoo.com
Abstract
Choline is a vitamin-like compound which can promote the lipid metabolism in the liver and kidneys and
reduces the chronic inflammations. It also participates in the synthesis of the phospholipids and
acetylcholine and is important for the integrity of the cell membrane. Its sufficient amount in the
embryonic stage is necessary and, the relation between its concentration and the appearance of the signs
of the diseases such as breast and prostate cancers is confirmed. It is usually necessary to supply choline
through the food chain and nowadays choline is widely added to the certain foods and therefore its
quantitative determination is very important in the clinical analysis and food industries. In the recent
years, application of the enzyme sensors as the cheap and portable tools with high selectivity and
sensitivity has attracted much attention as the alternatives for the chromatographic methods. In this
review, the studies (from 2000 to present) in the field of the modification of metal electrodes and
determination of choline and acetylcholine in the food and biological samples have been reviewed.
Modification of the electrodes leads to more enzyme immobilization with better stability and bioactivity,
improve the electron transfer and decrease the resistance, and consequently, enhancement in the figure of
merits of the method.
Keywords: electrochemical methods, enzyme sensor, choline, acetylcholine, food samples
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