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a polyvinylpyrrolidone solution ‘

Koji TakanasHI, Toshihiko IMaTo™ and Nobuo Ura **

*Department of Chemical Science and Technology, Faculty of Engineering, Kyushu University, 6-10-1,
Hakozaki, Higashi-ku, Fukuoka 812-81
**Soma Optics Co., Ltd., Hinode-machi, Nishitama-gun, Tokyo 190-01

(Received 10 January 1997, Accepted 19 February 1997)

A poly(N-vinylpyrrolidone) (PVP) solution was used as a running buffer solution of
capillary electrophoresis (CE) for the separation of catechol derivatives. No improve-
ment in the separation efficiency between the cationic catechol derivatives, such as dopa-
mine and epinephrine, was observed when a phosphate buffer solution containing PVP
was used as the running buffer. This may have been due to a weak interaction of the
cationic catechol derivatives with PVP.  On the other hand, the separation efficiency be-
tween anionic catechol derivatives, such as caffeic acid, DOPAC including ascorbic acid,
was greatly improved by the addition of PVP to the phosphate buffer solution, compared
with the buffer solution without PVP. The improvement in the separation efficiency was
due to the difference in the interaction of the solutes with PVP. The mobility of the
anionic solutes in the presence of PVP, which was calculated from the migration times of
the solutes and a neutral marker, increased in the order caffeic acid << DOPAC < ascorbic
acid.- This sequence suggests that the interaction of the solutes with PVP is larger in the
order ascorbic acid <DOPAC < caffeic acid. The formation constants of the PVP com-
plex with the solutes were estimated from the relationship between the PVP concentration
in the running buffer and the mobility of the solutes obtained in this work.

Keywords : capillary electrophoresis; polyvinylpyrrolidone; catechol derivatives.
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244+ VEBO CE DML BEINTNVEY., BEOF%
BF &3 5 EEE R EORIRO—2 1, ESTEIFE
IZHANT, T 5 BE-Br TEAROKE 55T
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LRBEBBEZRELLEYY. 208, AT -NICHT S
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WRP O, COBROIGEHDZER X, EFE UKL PVP
EADEEDOSEMEDERIZLEEEDTH DI EN0H
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Y YT ) —DFRREED 40 cm OEF DA 4 I FHEE
2RI Imm B<EL, BHAOEELE. Fv ¥
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Z—RERL 1%, 44 v ZBKTHHRLUTHWE. £
B3ER (19 20~25°C) TIiT-1. ERNEA I ERE
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22 HERUBHKROEN

PVP (K-30, F¥95FEM 40000 % K-15, F55
FE 10000), MP, H5a—)v, TAALE vV EIEF
VRS, ATV Y, H T 2 —BBIIEREILRE,
3k FaFYF73Iv (F=/83 V) i Sigma B, 34-
e FuF* 7z = VEEEE (DOPAC) i Aldrich # oD
bLOEHW.

RENAKRIZE, RO 3BEENEZNFAMLTCHO.
0.02M ) VEEEEEIK: 0.1 M NaH,PO, KIBHK K U
0.1 M Ko,HPO, KAKZHAHE L, €N FN 10ml ¥
ZRAL, KT 100 ml IZHRL 7.

0.1M PVP Z2& &) Y EREWK: PVP 11.13g 27K
B LT 100ml &L, B/ v—BEETIM O
PVP KA ZFHB Lz, T OKEK 10ml 12 0.1 M
NaH,PO, KA KT 0.1 M K,HPO, KIAK % # h &
M 10ml $OEEL, KT 100ml IZHERL Iz, PVP B
BEOYEZFNBEEITIE, RIS 1M PVP BEORE
BEERZLY) VBEEKREZFAML .

0.1M MP Z &) v EEREEIR: MP 9.6 ml % 7KIZA
MAUT100ml &L, |M®D MP/KEKEFRSML. &
@ MP K¥EH 10 ml i< 0.1 M NaH,PO, KIEHK K& O 0.1
M KoHPO, KB ZZNZFN 10ml $2BE&L, KT
100 ml IZAHRU Tz, BB U RENAK D pH X0 T h
H 68 THoi.

3 FMEREEBR

31 BAAFMAHFI—~IED CE ICL 298

BEICHAMOH T a - V2ERBEROY—H — &
LTEH, F—i83y, TV 7YY ORESERE R
EUf. F=3vEx¥A7Y Vid pH 6.8 DEFHIK
T 7 I /&S Ta b vfbahieBi 4 v & UTHEE
5. Fig. 1 3&5mM D RF—/83 Y, T¥47Y Y
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Fig. 1 Electropherograms of cationic catechol de-
rivatives

(A): 0.02 M phosphate buffer (pH 6.8); (B): 0.1 M
PVP (mean molecular weight: 40,000)+0.02 M
phosphate buffer (pH 6.8); Conditions: 80 cm X 75
um fused silica capillary (40 cm to detector), 15 kV
applied voltage, injection for 10s by gravity (5cm
height), 230 nm wavelength of detector. Peak iden-
tifications: (1), dopamine; (2), epinephrine; (3),
catechol

BROHTFIA—-NVORSBKEDIL Y a7 205 LT
»%. Fig. 1{A) ZKEBEREL T 0.02M DY) v EEE
HRERAVWLZLDOTHY, (B) IE/v—BE{TOIM
DFH5 T8 40000 D PVP 2&T 0.02M D) v g
BREAVIZBETHSH. BMHER 230 nm IZHB WV TIE
PENBB AR D PVP BB T B ez, (B) L
ba 7207 FL50=254 i (A) DFRITHA
TEVOT, #7a—NiE (B) OBJ{IAOY -7 &
ULTBElah T3,

Fig. 1 5535 k512, WKENAKAD PVP OGN
WWED AT I VOBEREIIZN 1 7R Z->TWVA5.
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AT A-NVIERNICHETH 2O TERRERD S T

BT 5. E-T, KBIBROBEICL ST, BEREE
RHEEMSBUTHNE, H7FI3—VOBBEERIIRAL T
hrEEXOLNS., —RIZ, BREBHEE X, FrV
7Y —NEED Y — § BN & RENAKR OB EREMEE I &
STRELZEVHONTNABY, -T, Fig. 1 ®
& 5 ICHKBNIBIKAD PVP OGIICE D H Fa2— LD
BEMPEC B >TVAHDIE, PVP 2 & CKEIBKRD
BLRRBRBEENSETULEDTHY, FNIKEIBK
OKEDEM, H2VIEPVPOF YT ) —HEAD
EBECEDFYET) ~HNBEOY - YEMNOETICES
boLEZONS., —FH, F—=13y, 2¥X7Y 0D
A4 vHEOBRE L, BREBERCINA CEOESKE
DOHRIZEY, HTFa—-NVEVBHERIIEN. ZoD
A A DA T a— VEEEED PVP EHEERAZ T
5L, BEOATEVSER (T4 XHBHEKR) 7558
Roln, BEXKEBEE LB U, - TBEOBER
BlE PVP 28U S VBEIREARTRLS 25 & FHI&
N5, LU, ERD LS ICHKEIEKRAD PVP OFIN
WKk TBRREREEFPETLTNS0DT, BEOK
BRFMOZL 5 BENICAE S PVP OMEEAOHE
zffrcEizn. 22T, BEOBERED > REBJ O
WEHE 2 BH L, PO T I VOB, 58
[REREEAENL, MEOEL > RBEHOEXRIKE)
HEZEHU. 2OER, F—13vixdtr7) >
DOESIKENERE X, WKENARIC PVP 2INX 12884, %
NEN 271 R 2.33X107*em® V7 Is7! TH Y, PVP
EMABZVIEE, FhFh 275 KU 2.35X10 * cm?
VisT! Thotc. §2bb, WKEAKRAD PVP DR
Mc&d F—=3 v &2 7) Y OBKIKEIEEIZIX
BuZRER NG o1 HoTPVP EINDHEA
HEOBEERBNI VW D EHER NS, D&
i, EELDEE PVPBIEETRTCA LT LILLS
F—/S3 v &V A7) vORIKZ O F 75 7 DR
EFHOTHIERBRE B LTS,

3.2 BAAHHIFI-IERVCTIIANELBD
CE I & 298
HBELTHTIa—VOBEAE DN 7 . — B,
DOPAC RU VI UIEEKRPTHT I —-NT I v EHEH
FIAHATAANVEVEBAERWT CE S#z{To. B
HBOKRHEEE X 275nmm T 5. ELDERZME I
Fig. 1 LRIKRTH 5. Fig. 212 5mM O H 7 = —#,
DOPAC, TAIANVEVERTH T I—-IVDREBED
IV ba7:2ul 7 L%KT. Fig 2(A) SEKBARK
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Fig. 2 Electropherograms of anionic catechol derivatives and ascorbic acid

(A): 0.02M phosphate buffer (pH6.8); (B): 0.1 M MP+0.02 M phosphate buffer
(pH 6.8); (C): 0.1 M PVP (mean molecular weight: 40000)+0.02 M phosphate buffer
(pH 6.8) ; Peak identifications: (1), catechol; (2), caffeic acid; (3), DOPAC; (4), ascor-
bic acid. Other conditions are the same as in Fig. 1, except for detector wavelength,

275 nm.

LT UVBREROAEZBWVWIZLOTHY, (B) I
HEBHETHS MP % 0.1 M OBETETY v BEFK,
(C) WE/)<T—BNT01M OFEESTFE 40000 O
PVP 2 &&) VBB REHWIZBETH S, BRN
WD —H—THBH T a-VOBEERIIVITN
DREBRICBVWTCLRLTHEIRETHHH, I
PVP ZEINU 723556, BEREMASIEL DD OWKENE
BICHEARTRLSZ>T WA, Zhid Fig. | DBE ST
LRETHY, BRAEEREEMPETLTWVWS2HTH
5. —H, 7 x—8, DOPAC RUT7 Aa v &
%, pH6.8 DEFHHRPTIIEA A Y ELTHFEETSHOD
T, ADEBESKEBHRDHIZ, (A)~(C) DVIThoD
BaLd, RBAHOBHREMIIATI-VOEFRED S
£&<Z->TWVB. Fig. 2(A) D&DIT, ) VEEEERZ
BRI & U 2B4, DOPAC &7 2 )Y VR ILBE
¥9, XA 72— BELBHRHAI BRSO TEELTO
%. Fig. 2(B) 55305 & 512, MP OXKBEKRAD
BN LY, Z>20RSOSHMEPETRELTVS S
DD, DOPAC &7 A NVE Y BOSEEIZ+5 T s
V., ZhIZW LT, Fig. 2(C) KRN B K5I, WkE)
BIRAD PVP OHINICE Y, &7 x—8, DOPAC Kk
T AANEVBOFHESZER2IZZINTNS., Zhid
BEED PVP KT 2 HEHOKE 5 DEVIC LS

bDTHB. $sbb, BREMN PVP LHEEEHATSC
Sk, FHAXDKRELEEEREZERKL, PVP
EMHEEA LS WIBEICH A TEOBSKEEE S ET
TA51:HTHB. 31 HTHRRZLDIZ, ATFa-1D
BEFHLIOERLU-BREEREEZER L TRIBHE
DERKBHEEZEHT S &, PVP 28T L VIKENA
BERWIBEDH 7 = —F, DOPAC RUT Aa)vE
VBOBRREBEEIIEFNF N —2.73, —287,
—296X10 *em?® V7 'sT! THBH. —F, WKBIAKI
0.1 M PVP 2 & BBED=Z2DIRE D BSIKENEE 1
FhEh —1.80, —2.57, —2.77X10 *m? V7 !s7! T
BB, INODEDH, KEBEAD PVP DHRIIC &
HBEBEOESKBEEDOEILDOEEE, TAINE VB
<DOPACK A7 z—BDIFIZKZWL., 20D &L,
PVP & OHEERMT 22 ¥ v EE<DOPACL & 7
I —BDIBEICKEL 2B LERLTWVAS. PVP &
Fa—NVEEDOHEEERICIE PVP OBERXHBERT&
AT a—VEOKEREE DKERE, PVPOT 3 FE
EATA-NVEOFERO rn ETOERBEHHEER,
H5VEIBUKMEEERSH D, ThoickiEAKZ
ERTHEEZLNTVASD®, H 7 2 —iX DOPAC
RTRAANVEVBEDL r BEFHEL, NBAkELS
WOT, EFrOZOOBEE LV BHEEEASKEVLOD
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EHERIINB, —F, TAINE VEEIZB O TIE PVP
L BKEEEDOHOHEERUNPTEELEVWEEZ SN
2DT, DOPAC X% 7 = —BICHERT PVP L DFE
ERINS VDL a NG, RABEOESKEERE
DIFFF 3L EOHERNC & B EER O KN & 0 BT
5ZENTES.

Fig. 2(C) L [H UEREZHT CF5 F& 40000 D
PVP O bV IZ, FH545F & 10000 D PVP 2T
BBHED CE 21T~ 1. # DR, WBIEAKIC 0.1 M
PVP ZEUGHEDH 7 = —8, DOPAC RU'T A 2 )b
EYBOBEOERRBEE IFhEFh —2.04,
=271, —290X10 *em® V7 !sT! TH o1z, FHHT
75 40000 D PVP % [FIBE T& CIkENAK % F\ 1245
BLHET B L, PVP RINICHES BE OB RS HE
DEALDEIEGIINS ., TDZ &k, FHHTFEL LD
KEWV PVP DIFH HBEEEOHEERSETF KX
&%, HBHVIE PVP-BHEAKOSFH A4 AHKEN
CEERBULTVS.

—77, FELVE/ v —BBED MP & PVP 25T
KEERIZOWVT, BEOERKBEEOELOHE %
HB U354, PVP 2IINL Rk ENAR %2 BV 1284
DEIHKREV. ChEBESTHRICEY, BELEOH
BEfFRZEBE LIV S PVP EHFDREINSKEVLD
ThdEEZHNS.

3.3 RNAKERE & AKRAEDO PVP IMEDBRF
KEIARAR D PVP OBEHAE OBSKENEE IC K&
XTEERZRRD7:01C, PVPBEDR L 2 KEAK
ZRAWVWT, #7x—8, DOPAC RUT A VY VD
CE 217> 7. PVP BELSNDEERZMH I Fig. 2(C)
ERUTH%. Fig. 31347 = —8, DOPAC, 7 A
WEYBIZOWT, ARD &2 ICBRISETEE % 258
CUTBHURBEO BRI EE 2 kBB KH O
PVP REIIX LT 7Oy bUEHDTH S, TAAN
¥ VEEX DOPAC KHANTH 7 = —BICH D TESX
HEBROBNASHETH D90 5B, T1bB,
PVP BEDWEMICE-T, 47 2 —BOEDBELKKE)
BHEFPRKEEFTLTVS., 2D &, 32 BHTRA
RESIAT7 2 -8BV ILOBEIZH~X, PVP &0
EEAPKENIEZRLTVA.

PVP LIAHDESEROERRIGHRA TERINS &
KETS. §205 PVP OHEEK | mol B7EHE (CA
TEY) lmol LEAK (PVP-CA) 2RI 5L T 5.

k , 465
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Fig. 3 Relationship between the concentration of
PVP in the buffer solution and the mobility of so-
tutes

Solutes: @, caffeic acid; O, DOPAC; <>, ascorbic
acid.  Solid lines are calculated from equation (2)
by assuming pe=1.0X10"* and p=—3.0X10"*%
—3.1X107* and —3.2X10 *em? V™! s7! for caf-
feic acid, DOPAC and ascorbic acid, respectively.
Values of K in the figure are the estimated formation
constants of PVP complexes with solutes. Experi-
mental conditions are the same as in Fig. 2(C) ex-
cept for the PVP concentration

PVP+CA=PVP-CA (1)

COPEERE K EF 5, BEOBSIKBIEE 4 13

PVPRE, [PVP] LROBEENH 5.

_ urtK [PVP] g,

1+K [PVP] (2)

ST RO p BENEFNT7)—-DEERT PVP-
CA HEKDOBRKBEETH 5. Fig. 3DH 7 = —8
K270y bER(2) DKAEZTH—T T4
bod&E, KIIBLZ 12/EE%% 5. —F DOPAC
RUETAIANEVEBIZOVWTIE K OEIZFNEh 3.9
RO 23 BETH 5.

PE, BAA UMD Ta—-VEROTRaNE v S

- PVP ODEEREBROTEEB DK E S DERY, %

TBIA~D PVP ORI £ HEED CE SR Lo E
NTHBIEBHELDIZZ >, KBTE LN TEE
BofEd, K(2) O PVP 2BBEELCELLTVS
rZ®IZ, MP EHEL T PVP OESFHRE2+HSER
MICRLTVWEN., 5%, BREEERTELEICES
PVP ¥ MP LBH & DEABERR GO EEEK Dk
EZ{TV, CE IZ &k BBAE DS MM & P T & OBF
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