J. of Korean Oil Chemists’ Soc., 1
Vol. 29, No. 4. December, 2012. 585~593

g4 HPLCO| 93k polysorbatese] 4t3}to] & @ (EO)

Bel 9 Qe
o] &3 T

Teqgstn 87| A T4
(2012 119 199 Ha; 20129 12€9 149 =4 5 20124 12€ 169 A9)

Determination and Ethylene Oxide(EQO) Separation of
Polysorbates by RP-HPLC

Yong-Hwa Lee™

T Hoseo University, Fusion technology,
165, Sechul-1li, Beabang-eup, Asan-city, Chungnam, Korea
(Received November 19, 2012 ; Revised December 14, 2012 ; Accepted December 16, 2012)

29 : X HPLCel ¢]3F polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 802
ethylene oxide(EO)w8] % ztHstn w2 AHFEA whis AdEsiact Bdxzes FEe#de
YMC Pack Ph (250 mm % 4.6 mm id., 5 #m) 3 Phenomenex C4 (250 mm x 46 mm id., 5 «
m)S AH§EA I, AE7]E ELSDE AM&3stlom, o] 542 water/acetonitrile®] 7187 &lo] <
3 EA AT oju] Aol AdASFE)E 180.279805 pg/mLEE W oA 0.997014 oA, A
Z3HA), AdA o] 43ttt o] WS polysorbatese] Atsfolel#l EolEA 9 7hHE L w2
AN Jheshs 2o Fov

Aol : polysorbate, EO¥2], HPLC.

Abstract : The EO separation and quantitative determination of polysorbate 20, polysorbate
40, polysorbate 60 and polysorbate 80 was carried out by reversed phase HPLC. The
water/acetonitrile was used for the mobile phase of gradient conditions. An YMC Pack Ph (250
mm % 46 mm id, 5 #m) and Phenomenex C4 (250 mm x 46 mm id, 5 gm) and the
selected ELSD detector was applied. The analysis results of HPLC showed good linearity with
correlation coefficient of r’=0.997 in the rage of 180.2~980.5 rg/mL and detection limit.

Keywords * polysorbate, ethylene oxide separation, HPLC..
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(Sorbitan)@} X WAkS WA 7| Abstol g
2058 F7t A7 FIAEA =S mxuEAdy
2= o] Gtonz AR ALEE odEF S
ofe] AbQloll F3hAl, EakAl, AFEAZA Wol
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sPFFOA AR ALgeted ol AFE
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e AWLGA S Gl @Wo] gEIIEE
EANH S JdekE A AF Az Fa%
Aol Polysorbates®] A &FEAWH-S
colorimetry, thin layer chromatography, %]
I HPLCel 9%k Wije] wxHJoU BFE
st A3E FATHI2-14]

SPEE AR Wol 2ol Hlo]R AWE
Aol AEHAEY, ARvEYY BN HE
W Tl #ete] ofE EdelA HEHAT

R

m

=
AR et Aol ZANE 7] Abg)
A B7F 250 mEk Bl gk &= rt
o] F7F AWIAAZ} k. o)F I F
oF 1 F7le] WAAMHLB) ukel Aol
43l £T7l t2rg sl gar] BA
9 Fa3lth staazelE a9 (GO)E ol
43t gaHE 24T AH9 v EAES
A7 AZE glANE & BRI A
o] 7] wite] FE=A s/t Haste] EFsict
[22]. dbde] Y AAIAZRvEIHH
(HPLC)E Exteko] & Ab A EAlo] d
g AFgE gtk =4 HPLCE AR A A9
EORXE #7 sl [23-25], ©AhAEEAS

Cs, Cis =8
B

i

s AbESlE 94 HPLCE 2
ARE @t} [26-29]. Z1@]al HPLC/UVAE7]E
Aol gl AHEAA N 28317 oHa
RI #E71+= Aol va ol gAe 7]&7]
482 & 5 Q7] dEe ARgo] AdAH |tk
gy %713 3 AaE71(ELSD)

o]

o] o]-&#t} [32-35].

2 ATdAeE AAE 2 F=ASE gl
polysorbate 20, polysorbate 40, polysorbate 60
18] 3L polysorbate 805 3 ®2X3}7] 918k
HPLC/ELSDE ©]-&3 W& AFstdn. o
XS polysorbatesES @Y A ®E WHE
of resta wEA AR T 5 dx

< N starat do

2. 48
2.1, A<k

2 Ao FFEE=Z ALE-E polysorbate
20, polysorbate 40, polysorbate 60, polysorbate
80& Unigema coperation (U.K.) oA #|z=3%+
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A=5E :I“L?:]l '—(?: A]"Q‘O}MJ— TEE Flg 101]
e Y E‘r ol sAo g  ARE3E  acetonitrile,
methanol & HPLCS ¢ €vlE Burdick and
Jackson Lab (USA)NA 9 3t ALg 319
o waterts Milli-Q Water Purification
System (USA)E& ©]&3l9] A=% 182 Q-cm
I R [

HofHﬁ:H:c--- o)

f:-OCH;.CH?\*l—GCO-R
Iz

Polysorbate monoesters (PME)

R = fatty acid moieties
x+y+z+w=20
polysorbate 20
polysorbate 40
polysorbate 60
polysorbate 80

R=C11 (myristate)
R=C15 (palmitate)
R=C17 (stearate)

R=C17:1 (oleates).

Fig. 1. Structure of polysorbates.

2.2, HPLC =A

Ao A Abg3 HPLCE Agilent 1100
series(Agilent Technologies, palo Alto, CA,
USA) 2 vacuum degasser, quaternary pump
system, column oven, autosampler”} 2% o]
Ak Absteldal ZEE $8] YMC Pack
Ph(250 mmx4.6 mm id, 5 ¢m) =3 &S A}
S, A 437 Yl Phenomenex
C4(250 mmx4.6 mm id, 5 x«m) EFE At
€ 39tk HPLC AE71& Alltech3300 ELSD
(Alltech ASSOClateS UsA) g e, ojn HE7]
v 55T exm AEsty WA shno B2
£TE 15 ml/min 2703 th Akslo e el
= Y3 o|sAEHL Table 1, AHEHEAS

[e]
38k ol FAZHLE Table 20 LERRATH

2.3. GC Y LC-MS =2

Aatell e 2 o] BAaAbEEA o] AREEE 7}
2ARvtEOY s HP6890 seriese (Hewlett—
Packard, Palo Alto, CA, USA)E FID #Z7]

oAk HPLCO ¢ 3t polysorbates®] k3ol €& (EO) &

e 9 APEA 3

7b o FAEe glem, ZejeE HP-FFAP
(25m=0.320mm, id, 0.25m)E AH&3FATh 9
T OREE 26T, AFVeEE 20T AL,
BAFJAB0) AR 1ut FH3ALE 2
L& B0TAA 240C7HA 8T9 HER &%
& FeAlFh B dgel AHgd MALDI A%

BX47]%= Axima CFR Time-of-flight mass
spectrometer(Kratos, Manchester, UK)= 337
nm N #lo]A Fo] Fztrof gt

24, BEEEY U AIRHZ=

¥ polysorbatesE methanol& "= 1000 x
g/mL stock solutions & %= & ¥% R¥s)
Ak A e gk AA Ax A o=
stock solutions& methanol & 3]4&}o] ALE
stAth EF AlEE methanols o] 83l Ho]
1 o332 (PTFE 045um)e.z S3 Al Th
o % oE 23 glo] Bewel F9 sk

5 g A

T FEAS Hrtstn, HAAARY §
£ 7V5AS validation 3H7] 918 AEAY A
A4, 4EA, HESA 55 AT

3.1, A2o0tEefo] 22|

o4} HPLCE ©]&3}o] polysorbates Al™H&
A ] AtstoldRe] w2 B2l E Fig 2 o 4
b At} Polysorbates® ¢ 20 EOZo] H7}
Holgla Atztolddl Eamo] wEl B Edu
BAzAe st gl ue Ez]dd phenyl
2H#S AXAeR slal o] AE  water/
acetonitrile®] 71&7] &8 X{Uo=Z FEASE
7F 2 glol 87t 7kt

Polysorbate 20¢] EOF-7t=+8 &<lst7]
gt MALDI-TOF mass2=#E#S Fig. 3o 4
ERIQlth 4o ol A5 44 unitss 7F
A3 m/z 1000914 1700 HY A m/z 12885
Aoz BEapgo]l #ALEAL} o]E olvA
+ polysorbate+tNH, &x}=Fo] HHEX= EO
units &AL AFol & ZHITE o] 2 A Absle|EEl

i=] 2= =~
PHESE FAF F AT
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Table 1. Eluent Condition for EO Separation of Polysorbates

Time(min) I;rlr?]zr;?rﬁ? Water(%) Acetonitrile (%)
0 1 85 15
1 85 15
60 1 50 50
75 1 40 60
80 1 40 60
85 1 85 15

Table 2. Eluent Condition for Quantitative Determination of Polysorbates

Flow rate

: : o o
Time(min) (mL/min) Water(%) Methanol (%)
0 1 60 40
30 1 20 80
50 1 20 80
55 1 60 40

Polysorbate 20

JP IJIJI Il J‘L1

[ Ak S

S S SERSER 3

, { ! Polysorbate 40

Y | ;\.JL,{_.U..U hm L

| Polysorbate 60

] IIHU
L

\
':L_J'k.xh;\_.l._.\_- R T T RS W

— SRS S,

I} [
n ,h,_.ll_ JUULL .{l [ttt

. e M) (WAN R WLNS
1 0 :ri: -3(';. .'_II]
Retention time {min}

' Paolysorbate 80

Fig. 2. HPLC chromatograms showing the EO separation of polysorbate 20,
polysorbate 40, polysorbate 60 and polysorbate 80.
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MALDI-MS spectra of polysorbate-20 (polyethylene 20 sorbitan monolaurate 12:0).
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Fig. 4. Chromatogram of polysorbate 20, polysorbate 40,
polysorbate 60 and polysorbate 80 for quantitative
determination by HPLC.
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3.2. Method Validation

PolysorbatesE A #&wA517] 9l35le] 2k3}ol
g 2o el EEeA &gx G

g

(Phenomenex C4250 mmx4.6 mm id., 5

S A}838}3 water/acetonitrile 7]&7] &%
Ao=w gy vag BA% A3E Fig 49 o

1_4

EFA Y. Polysorbates® ©Ah5SHAE 71A 12
g4 dolo we} oy se HAE g9l
glt}h. Polysorbate 208 Cp~Cigel &ZE
HolW &Z7] AV|EoR EHHIUX
AE 502 pg/mLoldtt. v A Polysorbate
40, Polysorbate 60 % Polysorbate 80%= <2
ol we} EEld A3E BT

3k
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3L
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=
=
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M

TAHe FEaAdes Hrista, AAAR &
€ 7FsAl S validation 7] 98] A9 2
AerWe, AEIA, FRAFC), ALAHE
zAFsE AdE Table 3o UERATH

T LR

Polysorbate 202 245 =He+= 180.2~725.0
pg/mLol A ABA = 09983 3L, oju) &3
A(S/N=3)= 50.2 pg/mL, area RSD¥ 0.9~3.6
S HYth  Polysorbate 408  AAEFLE
1854~763.1 pg/mLe] W jolA HAEIS o 4
BAFE 09993, o] HEIA(S/N=3)=
555 pg/mL, area RSDE 06~3.72 <4tk
Polysorbate 602 %% % 240.0~956.1 ©g/mL
o] WA A¥EIdes o FAAFE 0997
3, olw AZTA(S/N=3)¥ 60.0 pg/ml, area
RSD+= 05~2.15 4tk 83 polysorbate
02 AHAFE 230.0~9805 pg/mLe H oA
AgdSs w FEAFE 099891, ou A=
SHAI(S/N=3)= 600 pwg/mlL, area RSDE
08~455 dgo=2A FEaAel 53 & F
AA Tt

Table 3. Detection Limit, Working Range, Correlation Coefficient, Area RSD of Studied

Surfactants
surfactant Deie:g}?;}jimit ran\;‘gzzkgi/r;ﬁL)b (c:é);frf(?lc?(teir(l)trcl Area RSD
polysorbate 20 50.2 180.2~725.0 0.998 0.9~36
polysorbate 40 55.5 185.4~763.1 0.999 0.6~3.7
polysorbate 60 60.0 240.0~9%6.1 0.997 0.5~2.1
polysorbate 80 60.0 230.0~980.5 0.998 0.8~4.5

“Detection limits in this works were determined based on experimentally detectable signals
of 3 S/N level and mass in the injected volume of 30 #«L.

"Working ranges were determined with five to seven standard concentrations.

“Correlation coefficient were the linear ranges in the log-log plots

Table 4. Alkyl Distribution of Polysorbates by Methylation

Alkyl distridution

Cso Cioo Cizo Ciao Ciso Ciso Cigi
polysorbate 20 3.6% 4.7% 45.3% 21.2% 12.6% 8.9% 3.5%
polysorbate 40 0 0 0 0.9% 93.5% 5.4% 0.2%
polysorbate 60 0 0 0 0 53.3% 46.7% 0
polysorbate 80 0 0 0 0 0.1% 6.1% 81.8%
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Fig. 5. GC chromatogram of polysorbate 20, polysorbate 40, polysorbate 60, and

polysorbate 80 after methylation.

Polysorbates ZAlTAZA A7) 7FA] 3L & &4
AlEdolE F2135l7] 98t methylation A7
T GCEA S skt 2= Fig 59 YER
A= Ceo~Cisad €2 Fx25 7HA 3 Yo
w, 259 ga 3 Wl Table 49 YERNS
o}t polysorbate 20- Cso, Cioo, Cig1 Cizo, Cran,
Ciso, Cigo, Cisn &4 wXE 7HA 1
polysorbate 40’8‘ C14;0, C16:0. Clg;(), C18:1 ]?_]_'_/:\_ T"i‘
XE o]F1 A%emn polysorbate 602 Cgo,
Clg;oy :LﬂJ__’. polysorbate 80’8‘ C16;0, Clg;o, Clg;l

XS oAl ST

AL,

- 591

4. B E

94 HPLCE ©]83 polysorbate 20,
polysorbate 40, polysorbate 60 @i
polysorbate 80 &4l 2 bt 2l
S st Atstoda EEE 93
phenyl & #S AREshaL AFEAS 98l Cy
T s Ao, olsdo®  water/
acetonitrileS AR&3te] F2 FEE 7HAL
s 2 ¢ Ao, A A

(A7} polysorbate 20 0.998, polysorbate
402 0999, polysorbate 602 0997 1¥|a



polysorbate 80°] 0.9981 1 AUA=AHL 3t
area RSDT  polysorbate 202  0.9~3.6,
polysorbate 40 0.6~3.7, polysorbate 60
05~2.1 283 polysorbate 80°] 0.8~45%= <
sl o HE3 A= polysorbate 202 50.2
vg/mL, polysorbate 40& 555  ug/mlL,
polysorbate 602 600 pg/mL  1¥ i
polysorbate 80°] 60.0 pg/mLo.Z -3 A&
A S et ook sPFE AE T A
AH oz F8Ao] & polysorbatesE 7HA
wEA B 4 le] AT 9 F3
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