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SUMMARY
EVALUATION ON THE ANALYTICAL ABILITY OF PHENOXYETHANOL AS
PRESERVATIVE IN VACCINE USING ELECTROCHEMICAL METHOD

Phenoxyethanol (2- Phenoxyethanol, 2-PE) is widely used as a preservative in the vaccines, cosmetics, and
pharmaceuticals. Currently, the content of 2-PE in products was analyzed by HPLC based on the strong absorption
of light at 270 nm wavelength of 2-PE, however, this analysis required highly skilled operators, was time-consuming,
and the cost of purchasing equipment was also high. Therefore, in this work, we proposed an investigation of the
electrochemical oxidation of phenoxyethanol (2-PE) on some types of electrodes, in some types of electrolyte
solutions for electrochemical determination of 2-PE. Inwhich, the selectivity, sensitivity, linearity detection range
were considered. Finally, measurements were conducted on real samples to evaluate the ability to analyze 2-PE by
electrochemical method. The successful study of the oxidation ability of 2-PE by electrochemical sensor could open a
new solution for rapid analysis of 2-PE with many advantages: low cost, easy-to-operate process and more time-

saving than traditional methods.
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1. MO PAU

Phenoxyethanol (2-PE) (hay  2-
Phenoxyethanol) tén  IUPAC  2-
Phenoxyethan-1-ol 1a mot hop chat hiru
co ¢6 cong thie phan tir CgH100,, cong
thic ciu tao nhu hinh 1C. O diéu kién
thuong 2-PE 1a chat long nh6t khong
mau, nhiét do néng chay 11-13 °C, nhiét
do soi 244-246 °C[1]. 2-PE 1a mot chat
doc gay hai than kinh [2], c6 kha ning
diét ndm va khang khuan tot [3]. Tur lau
n6 dugc su dung lam chét bao quan su
dung phd bién trong duoc phim va my
pham vi n6 dugc danh gia 1a an toan hon
thiomersal [4-7], 2-PE dugc thém vao
thanh phian mot sd loai vaccine nhu
vaccine phong viém gan A Avaxim cua
Sanofi Pasteur, vaccine bai liét bt hoat

imovax polio cua Sanofi Pasteur, hay cac
san phdm my pham, thdm chi 1a dugc
pham [8-11] véi ham lugng 2-PE cho
phép trong my pham va dugc pham khong
dugc vuot qua 1% [5], va phai dugc kiém
soat chat ché. Vo1 myc dich nay, cac ky
thuat sic ky khac nhau duoc sir dung: sac
ky long pha dao (RP-HPLC) dau do
quang UV-Vis [6,7] , sac ky khi (GC) voi
phép do phé khéi song song [8] va sac ky
mao mach dién di dong dau do UV-Vis
(MECC) [9]. Nhiing ky thuat nay dugc
dac trung boi1 do nhay va dg chon lgc cao,
cling nhu gi¢i han phat hién va dinh
luong thép Tuy nhién, ching can nhitng
thiét bi dat tién va thuong la _quy trinh
chuan bi mau phtrc tap, bao gdm ca qua
trinh chiét tach nén doi hoi tay nghé cao.
Cic nha san xudt vaccine di sir dung
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phuong phip HPLC, cot C18, dau do
quang UV-Vis hoic tuong duong dé kiém
soat ham lugng phenoxyethanol trong cac
san pham xuat xudng [10], tuy nhién cac
phép phan tich nay doi hdi nguoi thuc
hién c6 tay nghé cao, tén thoi gian va chi
phi phan tich miu kha Ién. Do d6 trong
nhirg nim gan ddy di c6 mot sd nghién
ctu thir nghiém oxi hoa 2-PE trén céac
dién cuc dé tim ra phwong phap phan tich
méi dé xac dinh ham lwong 2-PE nhanh
va dé dang hon. Tuy nhién do phan tir 2-
PE rit bén nén qua trinh oxi ho4 dién hoa
kha khé khin va dén nay van chua co
cong bd nao xdy dung thanh coéng phép
phan tich dién hoa vd6i 2-PE. Nhom cua
Jakubczyk [4] da nghién ctru oxi hod 2-
PE trén céac dién cuc Pt bang phuong phap
quét tuyén tinh  (Linear  sweep
voltammetry, LSV) va quét thé tuan hoan
(Cyclic voltammetry -CV) va von ké xung
vi phan (Differential pulse voltammetry ,
DPV) trong dung dich chat dién ly 1a hon
hop acid acetic va acetonitril (20%, v/v)
chira NaClO4 lam chét dién ly, Kkét qua thu
dugc cho thiy c6 peak oxi hoa 2-PE rd
rang va dong oxi hoa tuyén tinh voi nong
d6 2-PE. Tuy nhién thé peak oxi hoa (E, =

1,8V) va va thé quét (tir 1V dén 2,4V so
voi dién cuc Ag/AgCl) cua nghién ctru
nay qua cao dan dén do chon loc thip.

Dé khic phuc cac ton tai khi phan tich 2-
PE bang phuwong phap dién hoa, trong
nghién ctru nay chung téi khao sat qua
trinh oxi hoa 2-PE trén cac loai dién cuc
khac nhau, ciing nhu tim ra diéu kién
phén tich (khoang the dung dich dién ly)
va cubi cung la tién hanh phép do trén
méu thyc dé danh gia kha ning phan tich
2-PE bang phuong phap dién hoa.

2. THUC NGHIEM
2.1. Ho4 chét, thudc thir

Phenoxyethanol (2-PE, cong thirc cu tao
trén hinh 1C, > 99%, Sigma-Aldrich), natri
acetate trihydrate > 99.0%, Merck), acid
cetic (99,8%, Merck), phosphate buffer
solution (PBS, pH7.4, Sigma Aldrich).

2.2. Thiét bi

Thiét bj dién hoda DY2200 Series
Potentiostat (Digi-Ivy, My) kém phan
mém do dac va xtr Iy DY2213. Hé dién
hoa dé oxi hoa 2-PE gdm hai loai:

(A) D
(i)

Dién cuc so sanh (RE)

Dién cuc lam viéc (WE)

: Dién cue doi (CE)

Dung dich dién ly

J\

Hinh 1. (4) Pién cuec GCE(i) va hé do ba dién cuc truyén thong (i1); (B) cdc dién cuc tich hop (i dén iii) va
hé do vdi dién cuc tich hop (iv), (C) cong thirc cau tao cua Phenoxyethanol (2-PE)
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(1) H¢ dién hoa st dung dién cuc than
thuy tinh (GCE, hinh 1A, i) hodc dién cuc
vang (AuE) lam dién cyc lam viéc (WE),
dién cuc ddi (CE) la day Pt va di¢n cuc so
sanh (RE) la dién cuc Ag/AgCl trong
dung dich KCI (Metrohm, Netherland)
duoc lap nhu hinh 1A (ii).

(2) H¢ dién cuc tich hop, trong dé ca ba
dién cuc tich hop trén mot tam, trong do
dién cuc lam viéc 1a carbon (ky hiéu
SPCE, hinh 1B, i), vang (ky hiéu Au-
SPE, hinh 1B, ii) hoac Platin (ky hi¢u Pt-
SPE, hinh 1B, iii). V&i h¢ dién cuc nay
chi can 0,5mL dung dich di¢n ly cho mét
lan phan tich (hinh 1B, iv)

Qua trinh oxi héa 2-PE dugc khdo sat bang
phd quét thé tuén hoan (CV) véi tdc dd
quet 50 mVs™ trong khoang thé tir 0,8V
dén 1,8V (so voi dién cuc Ag/AgCl). bé
dinh luwong ndéng d6 2-PE thi phdé xung
song vudng (Square Wave Voltammetry-
SWV) ciing duoc sir dung dé khao sat.

3. KET QUA VA THAO LUAN
3.1. Khio sat voi cac loai dién cuwe
Tién hanh phép do CV vdéi dung dich mau
la dung dich dém acetat pH = 7,0 dugc
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cho thém 2-PE vao dén néng do 5mM, toc
d6 quét 50 mV.s', khoang thé quét tir
0,8V dén 1,8 V. Lan luot thay timg loai
dién cuc: dién cuc GCE, dién cuc vang
AuE, dién cuc vang mach in Au-SPE,
dién cuc mach in bach kim Pt-SPE va
dién cuc mach in cacbon (SPCE) cho két
qua nhu trén hinh 2. Két qua cho thay
khong c6 su oxi hoa cua PE trén cac loai
dién cuc GCE (duong 4), Au-SCPE, AuE
(duong 3). Dién cuc SPCE (duong 5) co
hai peak oxi hoa lan lugt & E, = 1,5V va
E,=1,65V co thé do bé mit khong dong
nhat cia SPCE nén c6 02 thé oxi hoa,
ciing c¢6 thé oxi hoa 02 nic cua 2-PE vi
vay trong truong hop nay SPCE ciling
khong 1a sy lgya chon tdt. Pién cuc Au-
SPE (dudng 2) c6 mot peak oxi hoa ¢ E,
=1,1V tuy nhién peak nay khong phai la
oxi h6a 2-PE vi chi xuit hién ¢ vong quét
dau tién nén dién cuc Au-SPE ciing
khong sir dung dugc dé oxi héa 2-PE. Chi
con dién cuc Pt-SPE (duong 1) c6 peak
oxi hoa quan sat dugc rd rang ¢ thé Ep =
1,45V, thap hon nhiéu véi dién cuc Pt
dang tAm da cong bd[4]. Qua khao sat nay
c¢6 thé thay dién cuc Pt-SPE 1a phu hop
nhat dé phan tich 2-PE.
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Hinh 2. Phé CV ghi trén cdc dién cuc khdc nhau: (1) Pt-SPE;(2) Au-SPE; (3)AuE; (4)GCE va (5) SPCE
trong dung dich co 5 mM 2-PE trong dém acetat pH=7,0. Hinh B la phong to cac dwong 1,3,4,5 cua hinh A.

Diéu kién do téc do quét: 50 mVs

3.2. Khdo sat dung dich dién ly

Hinh 3A 13 ph6 CV cua dién cyc Pt-SPE
ghi trong cac dung dung dich dém khac

L thé quét: 0,8V dén 1,8V.

nhau: acetat pH =7, dung dich dém PBS,
dung mdi 2-propanl bd sung NaClO4
hodc dung moi acetone nitril bd sung
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NaClO, dugc cho thém 2-PE vao dén
nong d6 SmM, toc do qlgét 50 mV/s,
khoang quét 0,8-1,8 V. Két qua nghién
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ctu cho thiy peak oxi hod cua 2-PE
trong dung dich chat di¢n ly acetat pH =
7 1a o rang hon ca.
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Hinh 3. (4) Phé CV ghi trén dién cuc Pt-SPE trong dung dich 5 mM 2-PE véi dung dich chdt dién ly la: (1)
dém acetat pH = 7; (2) dung dich PBS; (3) dung méi 2-propanl bé sung 0,1 mM NaClO, va (4) dung moi
acetone nitril b6 sung 0,1 mM NaClOy; (B) Phé CV ghi trén dién cuc Pt-SPE trong dung dich dém acetat

pH = 7 v6i sy c¢é mat cua: (1) 5mM 2-PE; (2) 5 mM acid ascorbic; (3) 5 mM glucose va (4) 5 mM
saccarose. Piéu kién do: toc dg quét 50 mV/s; thé quét: 0,8V dén 1,8V

3.3 Dj chon loc va dp on dinh ciia cim
bién

Vi dién cuc Pt-SPE va dung dich dém
acetat pH=7 chung t6i khao sat phd CV
v6i dung dich mau lan luot 1a dung dich
2-PE, ascorbic, glucose, saccarose tht ca
déu c6 mat trong dung dich véi ndng d6 5
mM cho két qua nhu trén hinh 3B. Két
qua nghién ctru cho thay chi c6 dung dich
2-PE 1a c6 peak oxi hoa ¢ khoang dién thé
1,45 V. Cac dung dich chira cac chat khac
déu khong xuat hién peak oxi hoa cho thay
diéu kién nghién ctru c6 do chon loc cao
v6i 2-PE. Bé kiém tra do on dinh ctia phép
do, chung t6i ghi phé CV cua dién cuc Pt-
SPE trong v6i dung dich dém acetat pH =
7 khong c6 2-PE va c6 2-PE véi nong do
10 mM & 6 ngay khac nhau. Két qua déu
cho thiy xuét hién peak oxi hoa voi dung
dich 2-PE 10 mM ¢ khoang dién thé 1,45V
va cudng do peak gan nhu tring nhau; con
dung dich khong c6 2-PE thi khong xuat
hién peak. Két qua nay cho thdy su 6n dinh
cua phép do.

3.4 Khdo sdat dp nhay cim bién va thiv
voi mau thuc

Phé CV cua dién cuc Pt-SPE ghi trong
dém acetat pH=7 thé hién trén hinh 4A
cho thay khi khong c6 2-PE thi khong c6
peak oxi hoa (duong 1), khi thém 5 mM
2-PE (duong 2) thi c6 peak oxi hoa dac
trung va cuong do peak s€ giam néu ting
noéng d6 2-PE 1én 10 mM (duong 3). Nhu
vay pho CV phan biét rd cac nong do cua
2-PE. Tién hanh phép do SWV véi dung
dich mau 14 dung dich 2-PE c6 ndng do
lan luot 14 0,5 mM; 1 mM; 5 mM; 10 mM
cho két qua nhu trén hinh 4B.

Co6 thé thay khi ting nf)ng do 2-PE thi
peak oxi hoa tai dién thé B, = 1,45V trén
phé SWV xuat hién rd rang va co thé tinh
duoc cuong do peak khi ndng do trén
0,5mM. Hinh 4C va hinh 4D lan luot la
phd CV va SWV cua dién cuc Pt-SPE ghi
trong dém acetat pH 7 va bd sung dung
dich mau thyc (1a mau vaccine mo phong)
duoc pha lodng 10 lan; cho thiy trén ca
phd CV va SWV déu c6 peak oxi hoa &
khoang 1,35-1,55 V, khoéng cé pic gay
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nhidu ching té trong mau c6 2-PE. Tin
hiéu cuong do peak trén pho SWV néi
suy tu duong chudn cho thay ndng do 2-
PE trong mau pha loang la 9,94mM, tic
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nong do 2-PE trong mau vaccine 13 99.4
mM phu hop véi s6 ligu phan tich bang
phuong phap HPLC thuong quy.

1.5x10

1.2x10™ 4

<! 6.0x10° 4 [2-PE] (mM)

3.0x10° -

0.04
08 10 12 14 16 18
E(Vvs. SCE)

6.0x10° (D)

4.0x10°
<
<

2.0x10” -

0.0

O.IB ‘ITO 1?2 ‘I.I4 ‘ITS 1?8
E (V vs. SCE)

Hinh 4. (4) Phé CV cia dién cue Pt-SPE ghi trong dung dich dém: (1) khdng c6 2-PE; (2) c6 5mM 2-PE va

(3) 10 mM 2-PE; (B) Pho SWV ghi trén dién cuc Pt-SPE trong dung dich co nong dg 2-PE lan ot la: 0, 3

mM (1); 1 mM (2); 5 mM (3); 10 mM (4), (C) pho CV va (D) phé SWV cia dién cyre Pt-SPE khi do véi mau

thwe. Diéu kién do: dém acetat pH = 7, do phé CV trong khoang thé 0,8V dén 1,8V (so véi Ag/AgCl); téc do
quét 50 mvs™.

4. Két luan

S6 liéu thyc nghiém cho thay kha nang phat
hién phenoxyethanol cia dién cuc bach
kim 1a tot hon ca, dung dich chat dién ly
dém acetat pH 7 cho tin hi¢u tdt nhat, cac
phép do cho thay tinh chon loc va d6 nhay
tdt, co su tuyén tinh cia cdc dung dich
kiém tra nong do phenoxyethanol tir 0,5
mM dén 20 mM 1a co s¢ dé xay dung
phuong phap dinh lugng. Khdo sat trén
mau thuc ciing cho ra peak twong tw véi
dung dich mau 2-PE tinh khiét, khong c6
cac pic gdy nhiéu va cho két qua sat véi

phuong phap HPLC cho thiy véc xay
dung mot phuong phap dién hod phat hién
nhanh phenoxyethanol 1a kha thi. Budc
tiép theo, chung toi sé& tap trung khao sat
ky hon vé do nhay ciing nhu mé rong
khéo sat dd chon loc cia cua cam bién dé
phat trién thanh phuong phap phan tich
hoan chinh.
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Cam két: T6i xin cam doan day 1a cong
trinh cia nhom nghién cuu va chua gui
dang ndi dung nay ¢ bat ky tap chi nao.
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