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qin-house micro-separation with capacitively coupled contactless conductivity detection

for analysis of non-absorbing chiral compounds

Abstract

Two micro-separation systems based on chromatography and electrophoresis, have been
constructed. A chiral monolithic capillary column has been synthesized using a chiral
monomer and ethylene glycol methacrylate crossink monomer with porogenic solvent. The
synthesized monolith showed poor physical and chemistry properties for chromatographic
separation. The preparation needs further optimization. A monolith synthesized from
methacrylic acid provided excellent and fast separation of iohexol, a marker for glomerular
filtration rate (GFR) which is an index refers to kidney function. Excellent and clear
separation for iohexol in serum was achieved within only 4 minute. Another developed
micro-separation system is based on electrophoresis with capacitively coupled contactless
conductivity detection. The electrophoresis method was successfully applied for analysis of
collistin in pharmaceutical and serum samples. The samples can be directly analyzed within
only 3 minutes and without need of any sample preparation step.

Keywords: In-house capillary electrophoresis, capacitively coupled contactless conductivity

detection, collistin, iohexol
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: In-house micro-separation with capacitively coupled contactless
conductivity detection for analysis of non-absorbing chiral compounds
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(In-house micro-separation with capacitively coupled contactless conductivity

detection for analysis of non-absorbing chiral compounds)
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R-form 1ludunsie fnadrafssdiniven
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D-form vilsiAanadafsnludunsieresieniy
Penicillamine S- form pangYssNuYlsn

R-form 1Jusunsesaseniey
Propanolol granANALLAN

wudilidies S- form Aiflantilunisoengns
Propoxyphene L-isomer ﬁqméﬁumuﬁla (antitussive (cough))

D-isomeris ﬁqwéuﬁﬂm (analgesic (pain))
Thalidomide S- form ﬁqw%‘lﬂumuﬁmﬁau (anti-histamine)

R-form dlnavilvimnsniiinuinasy (teratogenic)
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1.1. nseaudasiufinnelurisnfuaufiaar3vunadn (surface modification)
mafaudasiufnmeluvementadey  nmsduaszilaluds 1AgN5UTIPVBwAIEY
asazanelefeslansenledenududu 1 waans udeuiigamnd 100 ssmueaidoa Wunan 2
Flus nudredoisaanlesey waswmueaduna 30 und wWiliuss ﬁnﬂﬁ'umiaé”m

a1sazany 3-( iml,waaﬂszﬂsuaa Insfia Wns1AEn (Y-MAPS) mmfumu 50 LUaﬁL%um‘Iﬂwsmm
Tuamiuos uazeufigumnd 60 esmuwailua Wuna 12 dalus ndudedeumuon wagi
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1. 2 nsdaemziluludslureudafiiiunisiauasifuiiuga

hvieufuaUfiaaduuafiiuauiumsdnuasiuinnglude Y-MAPS wnussqansazas
woawes udnhleulu oven figamgll 60 esmwaloa LelMAnuFn3omeaweslsiwdu Wy
e 12 Falus widsdsnedinifenmsiuea wiouisimdhinmsiain

1.3 m3AnwuaznasounuauTAvasneduiiduaszild

1.3.1 autAsunienInw
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Scanning Electron Microscope (SEM)
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1.4 nsanaznaulusaulusisgrawsudaensa perchloric

fegnawanauiun 50 ul vinasidu perchloric acid 800 pL waauly ultrasonic 15U
(wuRATaY 13000 58U 15 WIT) Wivasavanglaninmsinee
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Buffer solution : ansazanedidninsladilddmsunenans

Pump : ¥vthiindnansavaneliilva

Injection valve : gUnsaldmiunsdnasidngszuy ievhnisuen

Fused silica capillary : vieufwuadndmsunisuenans (dusaugnans 50-100
lulasiuns)

Pt electrode (platinum electrode) : uasluluaszanedidninsladiielyidnglnilun
Uanevieuiao iy

Pressure valve : fuvisiiaruaunsinavesansazatosmuynsoon ieiiuanudun
seuudlodesnsudnanslidnluluvioudy

HV : power supply ¥uihitlddnglwihasenvarevieufiiae sy

C'D : fhnraTadaao

Function generator :Wmm?ﬂm@hmaﬁm CaD
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AauN 1 : n1sduAs1zitasealuluasanaaull
1: mawmseulaseansusimes 2-phenyl-2-(d-vinylbenzamido) acetic acid (PVBAA)

lvimsduAudeyaiverinisdaasesilulumesdmiuniswien 2-phenyl-2-(4-
vinylbenzamido) acetic acid (PVBAA)  #ululasealuluwesfimainavaiuisauenansusyneu
Uszinnlasealowazdalidsiganunisdunsizvnedutedaiuinay 91nNan15IeANIUL AN ®N

a 1l oo aaa i
N15WSEU PVBAA 91335909 Zharov WagAe faUfNsenfiueans

(THR.

1 week \/@)J\ ; E 7
4-vinylbenzoyl

chloride 2-am|no-2—phenylacet|c acid 2-phenyl-2-(4-vinylbenzamido)acetic acid

Procedure 1 : ¥NM3daA18nU 381993 L-(+)-0-phenylglycine (2-amino-2-
phenylacetic acid) 2.040 n$u (13.46 mmol) wag 4-vinyl benzoyl chloride 2.00 n3u (13.46
mmol) ﬁqmmﬁﬁmlﬂunm 5 dlug aanthuiy dry tetrahydrofuran (THF) wéaduansazanedu
e 1 e ntuidasvnazaneiifueonlunazazanslunly 5%WvA) NaHCO, waadnade
diethyl ether annthuusuansazaneildlmnlunsa fen pH Ussanar 5 wdwhnsadagae ethyl
acetate AS3ay 100 mL 511 3 Afe dasavaefiadaldlumdndvhazans Anvanuuiansuas
lAssasannaaivesaslnemada Thin  layer chromatography (TLC) tag Nuclear manetic
resonance (NMR) #8970 TLC uaz NMR wuin Idansiideansiisadnifosuasyiliuignslieonn 39

o =% a o cY a . 2 o
Vl']ﬁﬂ‘l?}']']%‘ﬂqiﬂﬂLﬂi']%‘ﬁ@?ﬁn%?]@ﬂ Martin hagAy ANEUNIT

O O
AlMe;, CICH,CH,CI
OMe . 5 3 2Lh2 N 0]
AN HoN NN H OH
methyl 4- OH 2-phenyl-2-(4-vinylbenzamido)acetic acid

vinylbenzoate 2-amino-2-phenylacetic acid

Procedure 2 : ¥NM3daA18nU)ise1ves L-(+)-0-phenylglycine (2-amino-2-
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phenylacetic acid) 1.4 n3u (9.2 mmol) Tu dichloroethane 38 fiadans LalADY MUAAITAZANY
2.0 M AlMe; Tu hexane (10.8 mL, 21.6 mmol) Yuasavarenaufioamgivientuiian 30 undl
uaLANaIsazaty methyl 4-vinyl benzoate 0.50 g (3 mmol) Tu dichloroethane U3uas 25 mL
vinslianuseuuas refux vewauduan 10 Hlus Mntuwiibiduioamgll 0 °C uazidonns
At dichloromethane U3u1%5 50 mL kag 3 M HCL U3u1as 100 mL ihduaisazaiedunidun
inlvuielaen1siiu MgSO, vilusgnsmemeaila column chromatography wuina1siseenisy
= % O vt A I A a <, ! Ao Y a
wivsneldanneldgdliannzilunse ualloidvuannziduvanunasnduaseiladusuie

VALY

2. mamseulaseansauil 990 2-phenyl-2-(d-vinylbenzamido) acetic acid (PVBAA) oue
Was dmsuniswenmemaiadnialasuninnsdseaululasansiievinniswssulaseanasu
PVBAA-EDMA fN3a9AUsenaunIuand

Aaaul PVBAA-1

uouslues PVBAA 0.0136 n3u EDMA 0.0147 nsu
Porogen : DMSO 0.0500 n3u 1-Decanol  0.0512 n3u
Initiator : AIBN  0.0030 n3u anny : 70° C overnight

av v A o | v ¢ o eal o a1 o & W
Hafldl : WeoilUdendeqanssal aeduuilaliaiaue Jveseinianiglunodui de
wAAStUNIND 6 UnausadiieluluasNAsud ki ¥nlminnisauvesredul anuisanun

negouls Feaanaitunisiinu)isevesueusosa

AN 6 MLanlulLANALAaINN1SHSsUABaLL] PVBAA-1

Aaaull PVBAA-2
1DUDLDS : PVBAA 0.0136 N3y EDMA 0.0147 A3y
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Porogen : DMSO 0.0500 n3u 1-Decanol  0.0512 N3y
Initiator : AIBN  0.0030 n3u
d@ng : 70°C 4 hr

[
= = v

nanld : Aedullassasaiiduiiomeduunntu Tsnsutu sauandlunng 7 watilavild

Y 9

a !

nageuNTheniie nlogsy Huea weulllya uay wurau nudlianunsauenansve 4 silala

o & v a o 13 = o a a s
fmLﬂum’eNiJmi‘Ui‘U’eNmJizﬂ@UGUENmiaszJﬂLumime ‘maLﬂaﬂu%umaﬂﬂiaamu@mai
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AN 8 Tessasrwnaeivedlelawenwea

1. msuenlolalgnwaanie stearyl methacrylate-ethylene dimethacrylate (SMA-
EDMA) monolithic column %9HlASIE319NMNIARKALEIAUTENBUNISHASUUALENS

O

HoC OCHy(CH,)15CHs

CHs

stearyl methacrylate ethylene dimethacrylate

A9 9 1AT9a31enaLAdiveg stearyl methacrylate wag ethylene dimethacrylate
29AUIZNOUNSLASEYN SMA-EDMA Aoauy

NOUBLUDS SMA : 0.1914 A3y

NOUBLUDS EDMA : 0.1075 N5

Porogen : isoamyl alcohol 0.5656 N34 + 1-Decanol 0.1405 A3y
Initiator : AIBN 0.0033 n¥u

anmy - 60° C, 12 dalug

av v A oo Y A & o o a0 a & '
wanld : laluludshiilassaesmduiloweniuiaiteas wagdanulugngumnesonis
wanmewmaiadamialasunlnnsisyaulilasing awansnmlassassluluadnainmaia scanning
electron microscope (SEM) flan il 10

14




A9 10 1aseas19a1nmaila scanning electron microscope (SEM) 484 SMA-EDMA Aoauil

urililetih SMA-EDMA aeduilunaaeunnantAnisuendeleletanyea wuinaeduni C18 T
Tuasi liuansnnusnnzasleloienea usinald DI water 100% (Huadeuit Smuinle
Towsnwoainisiadeuiinanfeatu solvent  wandlidiuii Telowsngealiiindunsisurfunoduy
onafiesnniluansiidoudneiidn weiusunsisowedleloenseauuneduy 3sldvinniswsoy
AoduL PEDAS Jsiivy] C18 wag —OH 1Humiilaridu

2. msuenlalalanvaane pentaerythritol diacrylate monostearate monolithic
column (PEDAS) @eiilassad1amaiaiinazasnusznaun1stnssunquany

Al 11 wandlpsaadrannaaiives pentaerythritol diacrylate monostearate (PEDAS)

Tudupeaun1simien wull PEDAS-EDMA-G 1Hudn1izifvigalunsnsey agslsinnudle

v

P lUnaaauniswen wulnlelawaneeadinsliiinsunsnsennunaaul

29AUTENAUWALANILNLTIUNSHS oY ADEUY PEDAS-EDMA :

PEDAS-EDMA-1 PEDAS-EDMA-2 PEDAS-EDMA-3 PEDAS-EDMA-4

15




Monomer :

Porogen (35:65)

Monomer :

Porogen (25:75)

Monomer :

Porogen (25:75)

Monomer :

Porogen (20:70)

PEDAS 0.3475 0.3280 0.2398 0.1908
EDMA 0.0210 0.0171 0.0166 0.0108
Pentanol 0.5227 0.8346 0.5960 0.0354
Ethylene glycol 0.1418 0.1781 0.1330 0.1378
DI water 0.0362 0.0440 0.0305 0.0396
AIBN 0.0031 0.0036 0.0034 0.0035
Condition 60°C overnight 60°C overnight 60°C 3 hr 60°C 4 hr
oAUl Fiu Fiu Tnssasatiave | tnssadsasiaue
uaglasiu uaglusuy

A 12 TAsead1aannnaila SEM ¥84 PEDAS-EDMA-4 Aadu

3. ey aunshsenvaslelawngaavunaaull Juldvusiauauaiuasidu wWn1esaAsanta

Fn (MAA-EDMA aadul) Felivgansuanddnilumyilendu daudansaniaz

AaNY MAA-EDMA

16




1DUDLIDS : MAA 0.0525 54 EDMA 0.4285 ASY

Porogen : Toluene 0.1174 n3u  1-Decanol  0.8651 N3y

L. v 0 .
Initiator : AIBN  0.0046 n3y #@n1e : 60 C overnight
Hanla : flpssasradullodeniu mnudugngumnssenisuendemnaia

amalasuvnaflseavlulasing WethlUAnwlaseaiimnaneninuasnaaeunauiRnsuen

Tonanadl

aeeee3 15KV

A 13 Taseadraannmaila SEM ¥99 MAA-EDMA TuTuasaneduy

v
Y 1 Y o a6 al v

a1zl 1 : Anwnalnnsuenvesnedud Tnen1susudadiunes fvhazanedun3snian
tiow Ao acetonitrile luwlawdoudl wazdnansiiliauazliidn An Huoauavuunmiay Wuans
noaeu Ignasuandunnsns waznansiegdasunlnunsusslunmi 14

Column : MAA-EDMA

Mobile phase : 100% CAN

Flow rate : 0.1 mL/min (back pressure : 15 bar)
e 1IA1AdBY / W (retention time)
ACN : H,0 (v/v)
Wuoa WU

100: 0 5.271 5.546

80 : 20 5.736 6.452

70 : 30 5.405 7.960

60 : 40 5.336 8.326

40 : 60 7.050 UIUNT1 20 U9

* ACN = acetonitrile

17



8,00

6.00
= 4001
£

2,00

0.007

Minutes

AN 14 WERINISHENTILDa warwunnIaY Uu MAA-EDMA luludsanaauil wiald 80%
(vA) ACN : H,0 Juiaipdiouit as9ainAn1saanduuasi 254 uiluiuns

NaTlANUILladndIuaasvinara18 dunIoTa i tv I U AR R UNALTY WUV UL
LAZLUNIAUARDUTNDENAINADALILMSITU Aatldunsisendumedullatesas wanslmiiuinnaln
nsuendunuu reversed-phase chromatography ae1slsinu nallesiiunuin AedulLEns

AMUIWNLFBLoLENYDa wIITNANITWNTILUAUN LAl 15

140.00

120.00

42

100.00

80.00

mV

60.007

40.00

20.00

-

L B B B B B By B B B B B By B B B By B By B B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

0.00——

Minutes

A 15 wansnislelelongea vy MAA-EDMA Tuluasarodud Wield 70% (v/v) ACN : H,0

Julaindoun a5297aA1N159AnauLan 254 wIluwns

Weoihnsuiussalsznauvesandounlnen siuasunUasan pH vaslandeunitesain
moauuivyileidulu ~COOH Fafifn pKa Ussuna 4.2 a1 pH Jutuladediaasinu 18

MAsANYINaTD pH Tuta 3-8 lanaduans

40.00

mV

20.00

U.0Z3

18

0.00——

(O L B B B B B B B L T B B B B B B B B B B B S B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

Minutes



A9 16 wananislelewsneea vy MAA-EDMA Taluasaredud wWield 70 : 30 (v/Av) ACN :

acetate buffer pH 3 \umandouil as393nAINIRANAULET 254 Uluns

80,00
60,00
>
£ 4000
2000+ -
w0
~
o
|
T A E— 3
R T T T IR
100 200 300 400 500 600 700 800 9.00 2000 1100 1200 1300 1400 1500

Minutes

A 17 wansnslelewsneoa Ut MAA-EDMA laTuasaaadud wield 70 : 30 (vA) ACN

acetate buffer pH 4 \Jumandiouil nsa9inrInIsganduwail 254 unluuns

60.00
40.00
>
>
20.00
1o o
el ©
I 2
= s
|
0.00F TR
! trop | I [ |
0.50 1.00 150 2.00 4.00 450 5.00

Minutes

At 18 wansnslelewsneoa Ul MAA-EDMA laluasanadud Wield 70 : 30 (vA) ACN

acetate buffer pH 5 \uilaadoun a393aAIN1sAANAULET 254 Ululuns

20,00
15.00-
> 4
£ 10009

5.00

0.00
[

B B B By By B B B B B B LT B B B B B B B B By L B By B B B
0.50 1.00 150 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00

Minutes
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A 19 wansnisuenlelewwnyea Uu MAA-EDMA Taludsanedus wleld 70 : 30 (wv)

ACN : acetate buffer pH 6 [Hunandeuil asainrINIspAnduLast 254 uluwns

Haues pH WUl ety pH 20 3 10w 4 way 5 udinesdildannsanenlelawesvesle

lowanvealaoganysal win1suenladiuwildunffy widlern pH WinannI1 5 wudilaiianis

1%
Y 1 [y Y

= A a = a A = a = & Aa =
uenNEsALRED waziluszannnnisueniine Tuvaznnisuenuasnwdudaluansniivgunu 6
nsuwenAnliuasunUasniy pH - wntdn  (anskalunini 20) waiilaeiailiodwinainnisin

isomerization vaslaletgngeauuneduil inlvinsueniinuliauysel

soo,o&’ pH 5

400.00~

mV

200.00~

0.0(

0523

T | T T T T T T T T T T \’ T
4.00 450 5.00 5.50

o
o
S
-
1=
S
-
o
S
~
=
S
~
o
S
w
1=
3
w
o
S

Minutes

600.00-

pH 6

400.00
> 1

m

200.00-

0.0(

0036

—_—————————— Y A GHE
0.50 1.00 150 2.00 2.50 3.00 3.50 4.00 450 5.00 5.50 6.00
Minutes

AT 20 LEARSINNSLENANIEY UL MAA-EDMA Talluasamadusl wiold 70 : 30 (vAv) ACN :

acetate buffer pH 5 (n.) way pH 6 () Juandioul asraiaAIn1sganduuasi 254 unluns
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d3UNanIsuendIsul MAA-EDMA #i pH dreaqsalunsns
Column : MAA-EDMA
Mobile phase : 70 : 30 (v/v) ACN : buffer

Flow rate : 0.1 mL/min (back pressure : 15 bar)
pH VBl 1IA1Ad8Y / W1 (retention time)
AU
lolalanvoa ANNDU Wuoa WuNNIAY

3 11.334/13.763 13.592 16.041 23.650
4 11.112/13.476 14.111 14.801 21.969
5 2.643/3.270 3.455 3.531 5.143
6 2.548 3.388 3.374 4.657
7 2.604 3.409 3.265 4.698
8 2.585 3.339 3.432 4.698

ay v oA v Ao - a v o a o a4 A
Nnuaila wudhi pH 5 Winmsueniinge wasillowdguiviazangduvsglumanioun

0 ezdnslulesa Wy wniuea (MeOH) wuilewanisuenvedlelaenwoanmvuluiaies 4
UNNAILEASIUNINT 21

40.00

30.00

Vv

£
20.007

10.00

T T — T A B s s B By B s T
0.50 1.00 150 2.00 250 3.00 3.50 4.00 4.50 5.00 5.50
Mnutes

il 21 wansnsuenlelewengeauy MAA-EDMA TaludSanedutl wield 70 : 30 (vA) MeOH
acetate buffer pH 5 \Humapdeuil asa9inAINsgANAuLaT 254 uluums

Wethanmznungauidluldlunisuenlelesngeaiainaindegnaeiy wuildnanisuen
AiNgwmss Feo1aAnnNNIS@uanInnssne pH veunandoud Wevinns@asegawsunana

AENIALA perchloric LU 5%  FIVNN1TANYIFAIZH9)A91

dn12zi 2 anududuvesinmasluaindoun
MNTUENETUTNATRAY 5% perchloric acid MeLWaLAGDUNTIN acetate buffer pH 5
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WU 50, 100, Bag 200 MM NANAU WNIUDaBAIIA@IY 30:70 LagUSUN9T WUIIAINULIUTUVD

U siududsldamnsaunigym ireproducibility  vesn1suents Judenldininesidudu 50
mM Tun1s@inetladedusaly

i

i

T

o

i i1} 1 13
ANA 22 wasensientale

baNY

N
SRINERD)

YN

o
b3,

WAA-EDMA fodu

1770 30 (Vv) MEOH 50

mM acetate buffer pH 5 Wuwlaindouil asainaAnIsganduasi 254 wluuns
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dn19zf 3 naveIrNULdNTUYaINsA perchloric Aldlun1sanaznaulusiufaE1985
iieannaven1sinateanudulnmesveuandeuniiiednasieganignaniaciie
perchloric laAnwINaues ANULUNTUTDINTA perchloric MAMUTNTY 0.5, 1.0, 2.0, Way 5.0%

0.5% 1.0% 2.0% 5.0%

wuind 2% perchloric acid vilsiinsanaznewvesiusiulndfestu 5% Judenldary
Wty 2% Fuhluatinaeised

- UIAIDYRIWAIALINT 50 pL

- LU 2% perchloric acid 800 pL

- 11l ultrasonic 15W

- WUARIY 1300059V 15 Wil LAvasazatelaluiasie

wiFmuindlernisinfegaedusn nandilelownwveadeuiioeniniinaiunuiy
o1aiflesnndgmnsgaduanmsanaznoulsiulianysal Sudenld 5% perchloric acid 1y
arsazanslunisanazneulusiuuiy wivharsanudunsavesasiadaldlaonisiivaisazaiy
\wud NaOH usinudvililenisuendilait waznansuonitldifios suanslunind 23

Al 23 wansmswenioleeneealudiegrnsuiiatngae 5% perchloric acid wazUsUlHdunans
A8 5 M NaOH, MAA-EDMA maautl, 70 : 30 (v/Av) MeOH : 50 mM acetate buffer pH 5 WDl
\douil msrafaAin1sganAuLasd 250 uilumns

annazdl 4 : mannaznaulusiiudne axdlnslulada
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Weutdymnisdeannenudusimlesveslamdouiiiednansieafinnas nouse
nsn Fwnezneulusiudieivhasanedunidiianunsaazaelolownseald fe  ezdlnshulada
wuiildnsueniia widiliannsonnazneulusiulsamysal

PNRanITaLTIsNTIneilelawenveatadusudiivivennisiawvedls  Taserdonis
wonuuuanialasuinnilsseululasans  seluludsrneduitdunssity  anusauenlelewen
goaldnely 4 udl Wunulgmidlevhnmseseilelownvealusiegnnde fe wsy wuinns
annznaulusieiliauysalaglsiAnnsaaiuvesnadil vinlildnsueniiliiiies wagmnldnalu
nsanazneulUsivasilienulutislesveaandouiidean  wewddaymiuwmisllie
msuenivsiulusegaesilaonsld membrane  Fadudsflusiludesdinisldirhazas 3
Uagsfidayninule
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maufl 3 : nsadmazawIszuUMswenszaululasansuuudaninslnsIanfanudyyiudae
nsinansu i wuuliduda dmiunisiaizi reddsu

Tunsmanmefungauldfnvviavesasasanetiwlosdmsunisuenvaiesiin fia 20
mM MES/His pH 6, 70 mM acetic acid/10 mM His pH 4, 20 mM tris-acetate pH 7, 1.7 M acetic
acid/2% (v/v) polyethylene glycol (PEG) pH 3, 70 mM acetic acid/40% (v/v) MeOH pH 3 uag
20 mM boric acid/2% (v/v) PEG pH 3 wudn 20 mM MES/His pH 6 Tnisueniidfian wazlé
MNIANBINAVDIATUTUTD 20 MM MES/His pH 6 Lﬁmﬂ%’uﬂ§ﬂﬂ13LL8ﬂLLazmvaTuax‘imﬂﬁﬂ
wuhanadiduresvilesinadensuensaguil 2

Colistin (*)
0.01 mVT 20 mM
F/W
10 mM
S f
E
©
c
=y 5mM
T T *
ﬂ 1mMm
f-
T I T I T I
0 1 2 3 4

Time (min)

5UN 2 uanan1suenves colistin Wielddnimasanuidudusiieg
a Y v oAy aa =~ =~ Vo . . °
NIFUN 2 anududunlanaingade 5 mM Liesanlvidayaingawag baseline noise i

wazilofinwmaves pH Tutae 5-7 Faduaad colistin 1Wuuszquan (pKa = 12.01) il
A av oo Y ! g v Aa . . °
anunsaueneanaNasauliiiuszauag EOF 1 wud pH Nlvinnulinifiuag baseline signal ¢in
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fignfe pH 5 Lesnnilua pH iTWmeslidenfunsavsaiuaiiousuan pH vilidiannsuluih
Ao ' o 9 v . . ° a a
91 dawavinlil baseline signal suaziinulings (U 3)

0.004 60
1 " - 50
— |
0.003
. - 40
> . 2
2 30 3
g 0.002 - I %
- - 20 m
0.0014 - 10
T T T T T O
5 6 7

pH of 5mM MES/His

JUT 3 uanen1suenves colistin Walddnivasaudutusiieg
waglevinnsussiulssdvnnnuuiuresisnimunau lanadsagulunisnd 1

Intra-day W& inter-day precisions 91nA1 migration time (t,,) Waz peak area (PA) 984 colistin.

Intra-day (n = 10) Inter-day (3 days, n = 30)
Colistin 50 mg/L
Mean#+SD %RSD Mean+SD %RSD
T (Min) 1.58+0.06 4.1 1.54+0.08 5.1
Peak area (mV.s) 0.29+0.01 4.5 0.29+0.01 4.5

AN5IATIZNAIDEI9R39
Lo 35 ANaun lUIms1EiUSU colistin Tusnegnekaragnawsy lan1swensaa
wanalugun 4 (A) uag 4(B) wavasunanTinseiieg e uaziesulunsen 2 uag 3
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(A) éoeg
20+ Colistin
—~ 154
>
E
|
S 104
(9]
54
0 . T - T
0 1 2 3 4
Time (min)
0.01 mVI (B) sroehawdu
,>-\ Serum + 70 mg/L std.colistin
E
< *
=
() LKSerum + 70 mg/L std.colistin
Serum
Coalistin (*)
T T T T T T
0 1 2 3
Time (min)

U1 4 Electropherograms M31AT189638E19 (A) 81 Uay 4(B) La3u

Han15IATIERUTU colistin TuA7881998179 (Quantification),  Soazn1sAUNSU (percent
recovery) WagA1MsEyT19aan ( lable claim)

Sample FI-CE with C'D Label claim

Quantification ~ (mg/kg) %Recovery +SD (mg/kg)
+5D
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P1 18,596 +222 93.7 £5.0 19,510
P2 24,953 £857 98.6 £6.8 24,388
P3 17,887 £47 98.1 £6.5 19,510

SoUarNIAUNSUNITIATIEN pooled Uag single human serums (mean + SD).

Human serum Spiked concentration (mg/L) %Recovery
Single serum 50 86.4+4.4
70 87.3£0.5
Pooled serum 50 94.5+8.5
70 85.9+1.4
A3UNaN33Y

Tassmsiseilldfnunmswienliluasanoduddmsunisuenarslases  wunddidamides
mMsdunzsilaseanedinififinuant®in  SdldusuusumidelmiduinnniBnsuenansseiu
lilpsdasdmsunsieseilelaenvealusesraesudadusaiivivendssaninmmsvhauveds
wavdmsumsiinnginedanulneefanisuenwuuaninlasuilnnsiluazdianinslnstanuaiau
nunluluasrreauydaumesasanedanaueiaulnanea lalumezasan (methacrylic acid-
ethylene glycol dimethacrylate) lfnanisuendisannsislunivessyansamnisuenuasanildly
nsuenlelewangealufeeigen

AmsunmsasanariaiuszuunsLensziUlllasAnswUUBENInsIWETaiiRneudya o

o

memyinensiibiiuuuldduda  dvfumalesgiansiganfuiadlates fe Aedadiu  Tu
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9198 aTRE1NYSY  Iadsiaunsanentrdanuantumeganelunaies 2 Wi 3%
WAILITUANNITONATIERETF0g e wazsU Lo e liAalidunaunIswSouaNsiI0g1e wazliaw
gnfesAINAINTTIATIERAUNGUTUY 94-99% drmSuiiegien
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Output #ildarnlasens

weluladifeafunsduaseiluluasanedul Jalumeluladiiduadunnuiivtvesnis
Wosmaieset  wavduasunsiandouvuismueaiesminiiliandlddnelu
nsgenedunmUsHNe
IpasdanuilunsiauiSaziiaa3sdaninsingdad msunsieseilsinaleloengea
lAszuuMTIAsIes flow injection capillary electrophoresis- capacitively coupled
contactless conductivity detection (FI-CE-C4D)
IgasdmnuslunsiauniSasiaansdidninslnagadmsunstinseilsunaneiaiu
ﬂ'TﬁLB\IEJLL‘W'ﬁINﬁﬂ?iﬂﬂ’)’liﬁ’]iigﬁUUWU"l“ma
Patcharin Chaisuvvana’b’c, Thararat Moontaa’d, Areeporn Sangcakule, Duangjai
Nacaprichaa’d, Prapin Wilairata’f, and Kanchana Uraisina’d* “Determination of
colistin in human serum and pharmaceutical products using an in-house flow
injection-capillary electrophoresis with capacitively coupled contactless

conductivity” in preparation process, J. Pharm. Biomed. Anal.
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Abstract

An in-house flow injection-capillary electrophoresis (FI-CE) with capacitively
coupled contactless conductivity detection (C*D) was developed for determination of colistin
in human serum and pharmaceutical products. Colistin was successfully separated from
sample matrix within 2 min by using a mixture of 5 mM 2-morpholinoethanesulfonic acid
(MES) and 5 mM histidine (His) pH 6 as background electrolyte. Due to lacking in
chromophore of the colistin, contactless conductivity detection on-capillary was performed.
The samples can be directly injected into the FI-CE-C*D without any sample preparation.
Calibration curve of colistin was constructed from 20 to 150 mg/L with linear regression of
0.9967. Limit of detection and limit of quntitation were 6 mg/L and 20 mg/L, respectively.
Recoveries were 86.4% to 94.5% and 93.7% to 98.6 % for human serum and pharmaceutical
samples, respectively. The developed method provides satisfied precision, simplicity and
short analysistime.

Keywords. Calistin, Polymyxin E, Flow injection-capillary electrophoresis, Capacitively

coupled contactless conductivity detection, Human serum, Pharmaceutical sample
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Introduction

Coalistin or polymyxin E (Fig. 1) is a cationic cyclic polypeptide antibiotic which is
synthesized by Bacillus polymyxa subspecies colistinus Koyama [1]. It is frequently used as
human medicines for multidrug-resistance infections; for treatment of pulmonary or systemic
infections and therapy of patients with cystic fibrosis caused by gram-negative bacteria [2-3].
However, it was found to reveal high toxicity on kidney and central nervous system [4]. In
addition, colistin is applied to animals in treatment and prevention of bacterial infections by
addition of drug to animal feed. Nevertheless, colistin can be remained in tissues product of
animals and thus be harmful to human via food chains [5]. Therefore, quality control of
colistin isimportant in pharmaceutical productions and clinical study in biological samples.

Many research groups have developed analytical methods for quantitative of colistin
in human biological fluids, animal tissues and pharmaceutical samples. Enzyme-linked
immunoabsorbent assay was proposed as screening method for colistin in milk samples from
cows [6] and quantitative analysis of residual drugs in fish tissue [7]. Classical separation
technique, thin-layer chromatography, was also applied for analysis of colistin [8]. Modern
separation approach, high performance liquid chromatography (HPLC), with different
detection systems have been reported for quantification of colistin. Mass spectrometry (MS)
is extensively used for detection of colistin in biological samples [9-12]. Although MS
technique is sensitive, the method required expensive instruments and specialist operator.
The most conventional detections in HPLC are measurement of absorption or emission of
light. Nevertheless, colistin has lack of chromophore and fluorophore in its structure;
therefore, poor sensitivity was achieved for analysis of colistin by spectrophotometric and
fluorometric measurement [13-15]. In order to overcome, HPL C with pre- and post- column
derivatization of colistin is carried out. Ortho-phthalaldehyde with 2- mercaptoethanol [16-
19], 9-fluorenylmethyl chiroformate [20-21] and dansyl chloride [22] have been employed
as derivatizing agent for fluorometric detection of colistin in plasma, serum, bovine tissue
and animal feeds.

Currently, capillary electrophoresis (CE) is extensively utilized in pharmaceutical
and biological analysis because of its less sample and reagent consuming with high
separation efficiency and short separation time. The method is considerable attention to
separate positive and negative charged analytes in complicated matrix samples. Analysis of
biological fluids such as serum, plasma, saliva and urine by CE has been extensively reported
from many research groups [23-24]. Furthermore, CE with direct and indirect UV detection

[25-26] has been employed for analysis of colistin in pharmaceutical preparation with
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satisfactory results. However, the methods were time-consuming which required the
separation time of 15 min and 6 min, respectively.

Recently, capacitively coupled contactless conductivity detector (C'D) is an attractive
detection system in CE due to its universal distinctive for detecting of non-chromophore ionic
compounds and also ease in integration. C’D can detect analytes in native state without any
sample derivatization steps which requires in fluorescence and absorption photometric
detection. Charged species provides relatively high conductance which is a sensitive
response in C*D greater than neutral molecules. Analysis of ionic compounds in biological
samples by CE-C'D therefore has been extensively concerned. [27-28]. Moreover,
combination of CE and C*D is simple, inexpensive and easy for in-house construction.
However, the challenge of utilization of in-house CE is reproducible sample injection in
nano-liter scale.

In order to improve sample injection in in-house CE, in 1997, Kuban et al. [29] and
Fang et al. [30] proposed flow injection (FI) for utilizing as a tool for sample and solvent
introduction. The FI-CE system alows automatic on-line sample transportation and
separation. The method was successfully developed for various applications such as
determination of inorganic ions [31-32], alkaline earth metals [33]. FI-CE system has been
presented and attributed to separation sciences since its advantages of high throughout
analysis with good accuracy and precision.

This work, a simple and fast method for analysis of colistin using in-house FI-CE
with capacitively coupled contactless conductivity detection was developed. Colistin was
directly analyzed without any derivatization and sample preparation processes. The method
was applicable for determination of colistin in pharmaceutical products and also for complex

matrix sample such as human serum without interfering effect.

2. Materials and methods
2.1 Chemicals and reagents

Colistin sulfate salt (purity 99%) was purchased from Sigma-Aldrich (USA). L-
histidine (His) (purity >99%) was obtained from Fluka (Japan). 2-(N-morpholino)-
ethanesulfonic acid (MES) (purity >99%) was purchased from Acros Organic (USA).
Glacia acetic acid and methanol were supplied by Lab scan (Thailand). Boric acid, sodium

hydroxide and Tris (hydroxyl methyl) aminometane were purchased from Merck (Germany).
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Polyethylene glycol (PEG) 600 was purchased from Fluka (Switzerland). Deionized-distilled
water (DI water) was obtained from a Milli-Q-system.

2.2 Instrument of FI-CE with C*D and operational steps

Simple diagram of the constructed in-house FI-CE-C*D system isillustrated in Fig. 2.
The FI and CE systems were connected via a piece of acrylic interface. A T-way valve
(pressure valve) is placed at the outlet of the FI system to generate pressure for hydrodynamic
injection and filling of solutions through the capillary. Background electrolyte (BGE) was
filled and flowed through the system by mean of a low pressure pump, peristaltic pump
(ISM875, ISMATEC, Switzerland) at flow rate of 1 mL/min. The CE separations were
performed in a fused silica capillary (100 um i.d., 363um o.d., Agilent Technologies., USA)
by using 5 mM 2-morpholinoethanesulfonic acid (MES) and 5 mM histidine (His) pH 6 as
BGE. Effective and total length of the capillary were 22.4 cm and 30 cm, respectively.
Before separation, the capillary was conditioned with 0.1 M NaOH, DI water and BGE for 30
min each. A high-voltage power supply used is SL15P30 model (Spellman, USA). For the
detection part, an eDAQ C*D detector was used for applied voltage (peak-to-peak) of 100
volt and frequency of 400 kHz by using a capillary headstage (365 um, o.d., ET 120,
Australia), a C'D Amp (ET 120, Australia). An E-corder (ED201, Austraila) was employed
for recording of output dc voltage. The datarecording was analyzed by eDAQ Chart (eDAQ,
Australia). The diagram for FI-CE-C*D is shown in Fig. 2.

2.3 Sample preparation

Pooled human serum provided by Ramathibodi Hospital (from ten volunteers) was
stored at —20 °C. Before analysis, the sample was thawed and prepared by pipetting 0.05 mL
of the serum and diluting with DI water to obtain final volume of 10.00 mL. Pharmaceutical
samples were weighted and dissolved with DI water. The solutions were then sonicated for
15 min and filtered through 0.2 um disposable syringe filter membrane (CN-CA, ChroMex
Scienctific, UK). Recovery studies for pharmaceutical and human serum samples were
performed by spiking standard colistin into the samples to obtain a concentration of 50 and
70 mg/L. All samples were filtered through 0.2 um filter membranes before injected into the
FI-CE-C*D system.

3. Results and discussion
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3.1 Operation and FI-CE-C*D set up

A Fl system can be coupled with CE to facilitate sample and solvent introduction by
means of many approaches [29-33]. We connected the two systems by using an acrylic
interface. At the outlet end of the FI, the transfer line was splitted and a valve used as
pressure valve was placed for building up small pressure for hydrodynamic injection and
filling of solvents. By this set up, both kinetic and hydrodynamic injections can be
performed. The electrokinetic injection can be performed by injecting sample into steam of
BGE with applying injection voltage of 10 kV for 2 second. The remaining sample zone was
removed by flowing of BGE (no applying high voltage). The high voltage for 10 kV was
then applied to achieve CE separation. For hydrodynamic injection, after injection via the
injection valve, when the inlet end of the CE capillary was at the middle of the sample zone
(about 6 second after injection), the pressure valve at the outlet was then closed for 4 second
to achieve hydrodynamic injection due to generated pressure. The BGE was then flowed
through the capillary to remove the sample zone. The pump was stopped and high voltage of
10 kV for CE separation was applied. Injection volume for both injection methods can be
tuned by changing injection voltage or injection time. The two approaches provided similar
observed peak shapes (Fig. 3) and acceptable precision (Table 1). However, dightly better
precision was observed from electrokinetic injection with simpler operational steps.

3.2 Selection of CE condition

Background electrolyte (BGE) is one of the most important parameters for CE. Type,
concentration and pH of the BGE were investigated. The criteriafor selecting a suitable BGE
are separation, sensitivity and analysistime. Separation by rarious BEGs including MES/His
pH 6, acetic acid/His pH 4, tris-acetate pH 7, acetic acid/2% (v/v) PEG pH 3, acetic acid/4%
(v/v) MeOH pH 3 and boric acid/2% (v/v) PEG pH 3 were performed. Among the studied
BGEs, MES/His pH 6 provided the most satisfied results according to the selecting criteria
(data not shown).

Effect of MES/His concentration was further studied to improve sensitivity and
analysis time. The investigation was carried out in the concentration range of 1 to 20 mM
(Fig. 4). Buffer concentration of 5 mM showed the highest signal with lower background
noise. In addition, longer separation time was observed at higher buffer concentration. The
solution of 5 MM MES/His therefore was chosen as an optimal BGE. Another important key,
pH of the BGE which is a parameter governing magnitude of EOF and also ionic charge of

the analytes. Since the colistin are almost protonated at pH lower than 9 (colistin’s pKa =
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12.01), in order to separate the colistin from the EOF, pH lower than 9 were thus
investigated. In C'D, the main effect of pH does not only on the driving force EOF and
electromobility of the analytes but also sensitivity of the method as shown in Fig. 5. Higher
baseline and lower sensitivity were observed from MES/His pH 5 and 7 which could due to
the higher conductivity from adding acid or base to adjust pH of the BGE from its origina
pH. As espected, the origina pH of MES/His of 6 provided lowest baseline signal and
highest sensitivity with short separation time for only 2 min.

3.3 Analytical performance

Linear regressive equation, limit of detection (LOD), limit of quantitation (LOQ) and
relative standard deviation (RSD) of precision were studied. Linear regressive equation was
obtained from five concentration levels of standard colistin solution in the range of 20-150
mg/L. Linear regressive equation and linear regresson were y = (0.0033+0.001)x-
(0.0411+0.0098) and 0.9967, respectively. The LOD and LOQ values were calculated by
using signal-to- noise (S/N) ratio. The LOD and LOQ valves were concentration of standard
colistin that provided signal to noise ratio of three and ten, respectively. The obtained LOD
and LOQ of the developed method were found to be 6 mg/L and 20 mg/L, respectively.

Relative standard deviation values for repeatability or intra-day precision (n=10) and
reproducibility or inter-day precision (3 days, n=30) of the developed method were
investigated by repeated injecting a standard colistin. The %RSD values obtained for peak

area and migration time were calculated and summarized in Table 2.

3.4 Application to real samples

3.4.1 Human serum sample

The devel oped method was applied for colistin analysis in pooled human serum which
typically requires protein precipitation order to remove macromolecules causing blocking in
chromatographic separation columns. In this method, the analyte was separated in an open
tubular of a bare fused silica capillary, only sample dilution and filtration were thus
performed before analysis. The colistin in spiked serum sample was completely separated
from the serum matrix within 2 min (Fig. 6). Percent recoveries of the serum sample
obtained at spiked concentration level of 50 and 70 mg/mL were 86.4% - 94.5%.
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3.4.2. Phar maceutical sample

The developed method was also applied for colistin analysis in three commercial
pharmaceutical powder samples. The colistin obtained were compared with label claim by
using t-test and found not significantly different at 95% confidence. The analysis results,

percent recovery and lable claim are summarized in Table 2.

4. Conclusion

Coupling of FI with in-house CE provided the method semi-automatic by facilitating
sample and solvent loading. The developed FI-CE-C*D method showed simplicity and fast
analysis with acceptable precision and accuracy for analysis of colistin which contains weak
chromophore for UV detection. The method was capable for colistin assay in pharmaceutical
and human serum samples without any sample preparation steps, only dilution and filtration

were required before injecting into the FI-CE-C'D system.
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Table 1 Repeatability of migration times (t,) and peak areas of colistin from hydrodynamic
and electrokinetic injections (5 replicate injections).

. . tm (Min) Peak area (mV.s)
Sampleintroduction
MeantSD  %RSD Mean+SD %RSD
Hydrodynamic injection 1.47+0.03 3.40 0.19+0.01 5.37
Electrokinetic injection 1.49+0.03 231 0.29+0.01 4.53

Table 2 Intra-day and inter-day precisions for migration time and peak area of 50 mg/L
standard colistin (mean +£SD (%RSD)).

Intra-day Inter-day
Migration time (min) 1.58 +0.06 (4.12) 1.54 +0.08 (5.07)
Peak area (mV.s) 0.11 +0.01 (7.34) 0.11 +0.01 (5.09)

Table 3 Quantification of colistin, percent recovery and lable claim for pharmaceutical

sample analysis.

FI-CE with C*D
L abel claim

Sample Quantification
% Recovery = SD (mg/kg)

(mg/kg) £ SD
S1 18,596 + 222 93.7+5.0 19,510
S2 24,953 + 857 98.6 + 6.8 24,388
S3 17,887 + 47 98.1+6.5 19,510

50



Fig. 1 Chemical structure of colistin.

Fig. 2 Simple diagram of the in-house FI-CE-C*D system (IV = injection valve, w= waste,
HV = high voltage).

Fig. 3 Separations of colistin observed from sample introduction using (A) hydrodynamic
injection and (B) electrokinetic injection. FI condition; flow rate 1 mL/min, sample loop 20

pL, CE condition; 5 mM MES/His pH 6, 10 kV separation voltage.

Fig. 4 Electropherograms of 50 mg/L standard colistin obtained from various concentrations

of MES/His using electrokinetic injection. Other conditionsarein Fig. 3.

Fig. 5 Sengtivity and baseline signal of colistin obtained from various pHs of 5 mM
MES/His using electrokinetic injection. Other conditions are in Fig. 3.

Fig. 6 Electropherograms of blank serum and spiked serum. The conditions are in Fig. 3

(electrokinetic injection).

Table 1 Repeatability obtained from hydrodynamic injection and electrokinetic injection (5
replicate injections)

Table 2 Intra-day and inter-day precisions for migration time and peak area (mean +SD
(%RSD)) of 50 mg/L standard colistin

Table 3 Quantification of colistin, percent recovery and lable claim for pharmaceutical

sample analysis.
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