FAL R SO B 75 B

ANFT B A FAL R LR BAE R IR 3 T #EAT MR A L4 R B BT 5%
R |BERIA, BRXPELFEWFANAESS,, FRIFAEEHMBIATE

RERBEET IR . MAZRFFTMEEETMOMARNESE, BHEL

PR T BRI H R R .

FAL VR 3CAE B A E B

HNTETRERITAFHRRE . R ORE, LRARE

B SR04 33 14 P R T SR L R LR A S B e T R . A

FAARICH TR H MR DB EHHF AR SOENERE BEEER. &

PR FAR LA R RAT XREUE AT R, FRESMS XK EnEE
LR RE A CTE MRS S & A

suwxtass. Az swws 77 %l
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F 4% Bk (Capillary Electrophoresis, CE) £i1F —THE X R ERMRIIDE S
FHARZ—, E¥BRXESE LR TBRIERE, #HEFEEBMNETIKFHAN
T KT, PR RIS 2580 B4 S rE 8T
S . 1B B E BRI DR E R R B B B IE N R et Ml 1 K
THE. Kb, BOCH TR IOEFSFEA G ZRRE —ENNA, B4R
MBS RE. AT BRI S B0 RRERER, B
AR E SR REE, BOGERREE. MR K. KEEEE. HIERIE,
Hif S EHE Rk EES TS A R T ZR A MM

A @SR A AL B, BHE RIKE B REEBE S EFHEHAL
. HRETEAERKEFERE D TRASE, FHRABG RN LFER
o, SRR R 8RR, AREEALEREFITHNER. FIHEAEHEK)
& 5B — LR R, B S SN B — %M, WRAHEHE.,
MR FREFREBKFRESITR AR AIUEEERGEAETRKENREE.
AR XHIH E‘]Z”‘Eﬁffﬁ%?ﬁ% B K- 2 R B SR (CE-AD)F iR & R
BB A, BEGHEOCHENSEEBEKSE., B XREN T EAE BIK-ZTHER
MEXHTEATEAY 2. £t Baath Pl —8NAH. TEARARILS A
H:

BTSN, ERETEET BRI, SRR,
BRI MR, RAERBENOSE. BT RK-RIERN OE TSN R
R, FFEBENME T AR IHEBE L. |

BBEHSARYT . EF TR T EBHE BIK-LIF RN E " 7 #
EFARHEEATHNMSERANBRES: P THAEEE. EBEFET,
XS HPE 12min AREHHEBEFARIE, ERBEER EBFRRKERA
K, Fil R 5 B2 7.02x10% nA-L/mol 1 2.17x10° nA-L/mol, ¥r#llfR 452
5.0x107 molL™ 1 2.0x107 molL™ (S/N=3), v B iZBE I R A Thilll 8 T X s
BRI EARBEERBFHSE.

FESR AT PERIY T {8 A B AR R 570 I 6 40 B BB k- 2 35 R W R A3 UK R

ERITH AL 2004 FHFHESR B Y !



RS

M. RAVESHRFR A AR AR A R T 2 B8 Eeas. s, f
TSR T S 2 . SUEUERERI S T =M A SRS BRI, RRTE
F 41 Bk B EE AR R BRI SRR RS, AERH R . &
BRI BRE, TTLLEIL EmAT. RN E TR STHRAHE, &%
L D BARAR M T E R ST b FHEEENERARRENS, H
T LU 1 AT S T AR AE, o B REEENRBEN. T
FE S PR R RS MR R BT, 3 R A W LA S R — B Rk E.
MEBHEER T, BB SE. SEBEENS T =G NS N &8 E
LEE, EREMERBRAR, KaRmSELER R EkE R, |
FUKBEREN, EAINRRENT UER ek B DR R B kR,
FoEAREHTHNE. 8 -Whihe T 288 XK % b ik-2 B R ms: a1
MiE Fenton RN P HIZE B HENEM. 7£ 30mmol * L' Na,B,0,-HC1 (pH 7.4)
EYEIR S, LI T KBS, 2, 3-DHBA 1 2, 5-DHBA 1522488, HWHRIMRER T
10%mol /1 MRS, FEEIEH YRS EE A HENFBERENOFIR, £
FITET RS R RRGYNE B HEATEREES
EE-HHRITEHERK-ZREN PSRRI EENE. BT AKA
FHRABEAMBRENRERE, UERSTREGEBENMKRELE
10°mol/1 WL, B ABME Bk~ RERMEN A BT ST R A
HERRE. BOSRTHEEE RN SEBKIFEXT 2, 3-DHBA BT TE M
B, HAMFERTMAINSERFE, STEMBRILIEaRE, &
2, 3-DHBA HIRY M PRFEE T 20 45, FERBUE LIRE| T H#ATEMBER PR E hs
WHESR. 2XES TERE Bk-BAER I S ik K T W
SF IR . |
5 U0 2 7 R R B3 6 40 B 3K - S0 540 MU B ) R NP0 5 T 5 o 08 ek B
REAAEER. RATLURES Ry THERE, FIRR BB Bik-2 58
RAIEMECC-AD)RH 4 BHAHNE KD EDEEE RN ASER, 6k,
Fefy. BEBMBER. Fr@siaErise., Ui, ST, BRI
BAE &R 0.02molL" BB HY (Na;B,0,) ~ FE4L4 (NaOH)ZE vh ¥ 3 (PH
10.35) {E R BT M, HAE 0.03 mol'L! + iEEmESL (SDS); 4FBHBE R

—
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20kV; RyMEEAL A+0.80V(Vs. SCE). TEMALEMHT, (ARE. BEAL. EREMBES
HERER AR, A= HEHEEN, BHRSHUDE RIFHIAHXER,
KPR (S / N=3) i3 1.0x107" mol-L'. ¥ EESLHI T = T SEBRHE S K Al 22
M &R S AEE-
BHENHENERX-ZTHRAMEPAREENHAN. PHFESENA
AT B AR EISEINRAR GBI, EoBARRE BT EEFTER MM
APER. BRITRAERAEXFEK-ZERIETUEENEPAZRE KBS
MIRATEARL. TERENBRERNGT, HAESHENERSERKBE=Y 58,
LIPE. BEWE. FhEE. REHE. KRB 25nin ATHFEL S B BEHS
th EHRE R R . X 7ST0 BRI LR FE T AR TE 5. 0x10™ - 2. 0x10™'mol L™
2.f8), FrRUFRRAR FEUHRIL 10™° mol « L7 (S/N=3). LRI HUITLHE s B,
FIBE. AV, WhEE. WS REAR, HERIN1.0:13.6:15.0:
8.7 : 21.3 : 3.7, WHRETHEMYIE. BAE. [MiaBEak, EB/RLLA
1.0 : 4.98 : 1.1, Fri€REXEIPRRT £ BEIAEE 7504 98. 3% F197. 6%, % AR
HothEER. (SR, REEENERETFSEA.

SBARNENARMFE T KA T HUE A B 540 E ik - A L 2R W
e AMERBFPKBEH N FHREAN QBT ME (Voo. B HEBL(GSH) . K&
(UA). 588 (Try) FIEMER Cys) . XENFFREAFHSHEIEUS
MR AR RS/ BRI A, HP a0t MR ETETHR
BE. ZXVHEBAERK-BHUERNTE, UeRFBREAKRNBH, R
TR AL PR TIHENHEBEH K GSH) . FRER (VA 8B (Try)
MEBERC)WBRELFL. EEEXIREAHFTREINEEERE
1. 0x10™-5. 0x107molL" /9, HAMIFRTE 10%mol " M B K. %k BB SHEER,
REEEINAE, HHEERHAREETHENER.

Kgia: BREHRNK: KERM; HECHHE, RS EEK: EE8: BEH
B, EER, PTHTHE AL
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Abstract

Study on Technique and Application of Capillary

Electrophoresis with Amperometric Detection

Capillary Electrophoresis (CE) is one of the most important separation
techniques in recent twenty years. Because the theoretical plate number 1s great
developed to tens of thousands and even millions and the volume of sample injection
reaches nano milliliter level in CE analysis, 1t is studied and applied to most analytical
areas. However, the small sample injection volume and very thin capillary bring about
difficulties to detections. The commeon used detection methods are ultra-violet (UV),
laser induced fluorescence (LIF), mass spectra (MS) and electrochemical detection
(ED). Every detection method performs some advantages and suffers from some
shortages too. For example, LIF and MS are very sensitive but the instrumentations
are very expensive, and some complicated derivation procedures are needed.
Amperometric detection (AD), one kind of electrochemical detections, is more
sensitive than the common used UV detection, and have many merits when coupled
with CE, such as simple instrumentation and operation, low cost, wide linear range,
etc. The combination of CE with AD is extensively studied and applied in most
analytical fields for its above advantages.

The advﬁntages of CE in separation efiiciency and instrumentation are obvious
when compared to HPLC. However, the concentration detection sensitivity of CE is
much lower than HPLC owing to its smaller sampling volume and the short light
distance when coupled with UV or FI detectors. The detection sensitivity of CE could
be great improved by some special characters itself such as field-amplification-
injection and isotachophoresis.

One goal of this dissertation is to explore the methods of improving the
sensitivity of CE-AD. Another one is applying this CE-AD technigue to resolve some
actual analytical problems in pharmaceutical analysis, biochemical analysis and food
analysis. The contents of this dissertation include six chapters:

In the first chapter, the characteristics of CE, the separation models and basic
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Abstract

theories of CE, the detectors, the sensitivity-enhanced methods, the studies and
applications of CE-AD simply is introduced. The goal and significance of this
dissertation are introduced too.

Chapter 2 includes two sections. In the first section, capillary zone
electrophoresis (CZE) with amperometric detection (AD) was firstly applied to the
simultaneous determination of rutin (RT) and hydrochlorothiazide (HCT) in compound
Chinese herb medicines and human urine samples. The two analytes could be perfectly
analyzed within 12 min and showed significant current responses at carbon electrode under
the optimum conditions and their detection limits were 5.0x10” molL"' and 2.0x107 molL"
respectively (S/N=3).

In the second section of this chapter, we explored the effects of diluents during
electro-Kinetic sampling on field amplification injection by studying the changes of
current responses of clonidine hydrochloride, hydrochlorothtazide and rutin which are
originally positive, neutral, negative respectively in water solution when diluted in
different solvents. It was found that the simultaneous field amplification injection for
positive and negative particles could be carried out by changing the acidity of samples.
This method i1s much easier than converting electricity polarity. The effect for
negative particles could be also reached by using buffer solution with higher
concentration as diluents. The detection sensitivity of different ingredients existed in
one sample could be adjusted and then their current responses could be reach the same
magnitude level by using suitable diluents. For example, the current responses of
clonidine hydrochloride, hydrochlorothiazide and rutin are difficult to compare clearly
in the same electropherogram if using the running buffer as diluent because their
contents are different in one hundred times. But, their current responses could be
compared clearly in one electropherogram if water is used as the diluent.

Chapter 3 includes two sections too. In the first section, the indirect
determination of hydroxyl radical (OH-) by CZE-AD was studied by measuring its
reaction products with salicylic acid (SAL): 2,3-dihydroxybenzoic acid (2,3-DHBA)
and 2,5-dihydroxybenzoic acid (2,5-DHBA). The optimum conditions of CZE-AD for
the determination of 2,3-DHBA and 2,5-DHBA were explored. Under the optimum
e RIMYE R 2004 FHGFE LR 5
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conditions, SAL, 2,3-DHBA and 2,5-DHBA could be perfectly separated within 15
min, and the detection limits were as low as 2x10® mol I"', which were much better
than CE- UV method. The method was also applied to study the scavenging activity
of angelica polysaccharide. The experimental results showed that the introduced
CZE-AD method was very sensitive and practical in both the determination of free
OH- and evaluation of the activities of OH- scavengers.

In the second section of this chapter, the method of transient capillary
1sotachophorsis with AD was studied. Because the concentration of OH- produced
during the metabolism in human beings is very low, such as it is about at 10”mol/l
level in urine sample, it is impossible to directly detect OH- in biochemical samples
by CE-AD. We tried to gather 2,3-DHBA 20 times by transient isotachophoresis by
selecting p-methyl benzoic acid as lead electrolyte and running buffer as terminate
electrolyte, so the detection sensitivity could reach the requirement of biochemical
analysis. The special conditions of transient isotachophoresis coupled with AD were
tentatively studied too. |

In chapter 4, the simultaneously determining biogenic amines and their
precursor amino acids in food by MECC-AD was studied. The optimal conditions
of separation and detection of typtamine, tyramine, tryptophan and tyrosine were
0.020 mol-L" borate-NaOH (pH 10.35) containing 0.03 molL! sodium
dodecylsulphate (SDS) as running buffer, 20 kV as separation voltage, and'+.800 mV
(vs. SCE, at carbon disk electrode) as detection potential. Under the optimum
conditions, the four analytes were separated completely within 15 minutes, and good
linearity, reproducibility and recovery results were obtained. Based on three times
standard deviation of a low level sample, the detection limit for the four analytes were
as low as at 107 mol-L" level. This method was also successfully used in the analysis
of actual rice spirit, and satisfactory assay results were obtained.

Chapter 5 is determining the constituent monosaccharides of hetero
polysaccharides in traditional Chinese herbs by CE-AD. GC and HPLC are
usually to the constituent monosaccharides analysis of hetero polysaccharides, but
complicated derivation procedures are necessary both in separation and detection. In

RN A 2004 SEHiFEL%0R Y 6
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this paper, CE-AD applied to indirectly determine the compositions of
hetero-polysaccharides angelica sinensis and flax by analyzing their hydrolyzed
products: fucose, galactose, glucose, arabinose, rhamnose and xylose. Under the
selected optimum conditions, the six monosaccharides could be perfectly separated
within 25 min and showed significant current responses at copper electrodes. The
linear ranges of the six monosaccharides were all from 5.0x10?° to 2.0x10™ molL™
and their detection limits were lower or near 1.0x10® molL (S/N=3). Experiments
showed that the angelica sinensis polysaccharides were composed of fucose, galactose,
glucose, arabinose, rhamnose (mole ratio 1.0 : 13.6 : 15.0 : 8.7 : 21.3 : 3.7)) and the
flax polysaccharides were composed of galactose, glucose and arabinose (mole ratio
1.0 : 4.98 : 1.1), and the purity of these polysaccharides leached by the introduced
leaching method were 96.3% and 94.6% respectively. Analyzing polysaccharides by
this method has some merits of quickness, low-volume sampling, simple instrument,
high sensitivity and high reproducibility.

Chapter 6 is determining the small water-soluble antioxidants in plasma by
CE-AD. The small water-soluble antioxidants in plasma including GSH, UA, Try and
Cys are very important to human being health and their detection is significant too.
The optimum conditions of determining GSH, UA, Try and Cys by CZE-AD based on
metallic copper electrode were detailed studied. The optimum conditions of CZE-AD
were separation voltage 15 kV, running buffer 25mm01L'1Na2B4O7- 50molL"
NaH,PO4 (pH 7.9) , kinetic injection time 30 s and detection potential 0.5 V. The
linear ranges of the four analytes were (1.0~5.0) x10~5.0x10molL"' and the limits
of detection were about 10° molL"' under the optimal experimental conditions. This
method performed some advantages in quickness, high sensitivity and simple
instrumentation, and satisfactory results were obtained when it was applied to

analyzing human plasma samples.

Key words: Capillary electrophoresis; Amperometric detection; Field amplification
injection; Transient isotachophoresis; Amino acids; Hydroxyl radical;
Polysaccharides; Antioxidants
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B—E # ®

F—N BHEURER

4% 3K (Capillary Electrophoresis, CE) &I —H4E R K B R R A14- 8 4
iRz —, ROFTRFEPHEREARIE LGN —EXHRE, CRTEER
REEEHARREREY, EFENNBTKCEEAGFKE, AN HEY
RS A&, S TELFREA NS, CERSEEELT
REFHEBRDRMNIN, RAERET DNA MFRERE, FARERARERY
L TR =58

EHAERKE—LUBRE > HRE. GEERASH AW NHHREE
SBEATEAR, HUSBHIGERERE. FA/EMERE. THE. FAR
0. ZRXERFNE 1). EREERBGREAT, EPERPHFIES
HHE TS MNEREREBE), H 0AFNE T2 AARA ERES), Az
S8, Ehr b, FEEMEEpH KT 30, HREWHAER, AENEERY
R, BAMRER, WEREFHKEHETES SRS g R kR ik
B3, HHEEBT(EOF). AMEATEBAE A M ERTHEE L E iR R
HBTE RN REN.

{é} Light
& source
e — — 1 I
SO B R W 5 |
B @ R s B e & & : -
@Fthr= kel | |
[:’" :.IZ-l';_..!:" [
LI} o _
[ C—1 Data 11 Photocathode .
el I oy .l-l"':-.ln-'i i ' L_]
. hart Recorder
i ! . | ‘ Buffer
Ef & 1 |
Ifl | :
IR, |
Pasitive ' | J Negative

Fig. 1 Normal Insttuments of Capillary Electrophoresis
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EQEERRARITGHAE 2K Hjerten AR EHI[1), RS TFRIEE
F3mmID (W2 AEEHTHIKSE. 1970 %, Everaerts HZH B REA
f# CZE 4r88, BefEfd BB EK[2]. 1979 £E, Mikkers S /T T EILHIS,
I W R B O S B B B ) LA X T I R R A, TSR &
MK, TRALMHTE pmol ZHFEET, 0.2mm id METALIEE/NF 10um K
BRI E[3]. 1981 £, Jorgenson i Lukacs[4] B 75 pmid BIEHE, 730
kV BTELE T EEAT Sk, LA 40 TEWIERE M E, HTHTIE. 18F
T 22 B, (R0 g rR A RN AR SO R AL v M R L 4 BOH LR A ) RE LT
THN. IR CZE B TREEEE, BEE T 248 Sk S a8,
1987 4 Hjerten MEMHERITHAMNEARERK, BRETEHAESHEE
(Capillary Isoelectric Focusing, CIEF) [5]. [Fl4E, Cohen HKarger X% T il
B4 EREAL ¥k THE (Capillary Gel Electrophoresis, CGE) [6], &It 2%
BEPTEITE. Bl 19884, MM THE - HEHAEBIKE RIS, CE TTHE
RN ERE.
5 RBBAHREMHPLC)HXM R, EHEEXHAH HPCE, BAFUT —&
A
a) TERES, REBEE, SEER. EERAEHEEKT, SR BAE
AL BB S, BHRIAREK 100 AU L, MARKERPX—5FETE
HLERER LTH, USRS B TR T B . B R0
RO AE ST 238 A Sk, B E YT AT 30min, 76K Ak SRS,
EHE NIRRT 107-10%moll, TIREESRANABHREEES.
b ABERNES. AWENETEDNA AR, BTHTFHE, LA
THEAYERENKE. RO, BHR. £RET. THLEFREY.
o) EMAEHEN. ER—E4EFHTREESAERHHEK (CZE), KK
B HEBHAEGE (MEKC), EHEEE (CEC), BHESEHREE (CIEP),
FHERR BRI (CGE), EHEHHEAK (CITP) FEHOEHER, THREH
MEARRIRLEE, BRSENIBEER,
d Fdh, WNARD, SFEX K. CENBRGHEREILSH, EEA
i JLETE, 04 HPLC MJLE 42—, TH CE MR KREHRE, TLURESF
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FIfEmR (K, BATE, T, HAKES SRSZHNEHTERNSTE, A
AR B 89, HPLC M EEFEVFZ M4 G B FRIER.

e) HWEA. BHEBIKBIARFHARERLAILTHK, FMEH 300~500
WoKZESR, 7BEEVTUERE, AT HNHE. EMERHERES/D,
LATR /Iy, ARG UEFRIVEE— A BEaEEER T £, SHMEk. B4
BHEIKS A2 BT R Z R RE s B R B L.

) (XEEHE, ETIMEEE, HE. BRSRERA,

Hul, B EREHERRKHAAMEFTRA, BEHFEASHTENEETF
BEFPHT. —BEKHXFHEBAEEIEY BRI BAEEXSTBRR, HR
MR L ERE .

T BT RXSEER R AR

2.1 EAFXWHHEI) (CZE)

EHREXFHEHXE - HEHENEBAERXSEEAR, RETEHE HKT
mEXR. NABAZH—H0BEA. BN BLEENRRHEMNE. B
HEANE R A R B E P HAT . VR MR Y7 e TIRE
AR R R EER, BTRTFHEARTNEMSE. BR, CZE REsah
AT, MTEERT, BTHAEEMEZERTARETR SR TR
[4].

BHERKPHERTHRIBEENMNE (BIBF) X

T=HemE
(yv: IBEE, pm: HEIBE, E: #HiF)
Hem™q/6 7TNr
(q: ETHME n BHEEE, o BTER)
EETEAETPREARH R EREGERATSEERE, KiEEY
Heo= (€L /4 mnr) |

—

(Iieo : %i@ir n: ?E}ﬁ: *’-:.= ’%‘%E@%ﬁ%, r: %gﬂi%‘;iﬁ%)
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A, pyWEBETEEBHERIKTRIERRTIEERN:

LH= P emtHeo

£ CZE BEXHPEWMS,BNREIEFREREZEHHEIIR S pH (H. —FHEE
MEFBRNIZERRERCH TESBE TAFESER) X4 B THRE D,
FLRE R, . R, BR/ARETE. CZE AN TER MK
FoE, BEHTSEEAERESE (—BRERX T BESBLRK, Ll
B ER pH ENS TERYEE S 1—2 MEaAL, SEBmeEmiinmsFEE.

22 RRHBFHEBHAE AT (MEKC)

19844F, Terabe A ESDS (T ZHREBMIDII R BB E T FHE4FI7],
RUATHEHABTERBRN—TEELIX, REBRIEHAEAE (Micellar
Electrokinetic Capillary Chromatography, MEKC). MEKCiR%h T CZE4 B R
A, EAMUATLLRIES BE T, MHLMEsHNTF. AzoBEly, &
WEMBBRPINAFIEEEHR 0+ - EmEsh, SDS) 2 5Ema T
AR, B LUMEN “HEEM”, HTRRAEKERARRE, ML
RTHZE. EEX, #MHMEHFNREFEEANGR THR, mFREE. BElEm
E, FETFZHMARAFTER T NAH8~11].

2.3 FHEEE (CIEF)

HTAMESRESBNRFTREBRART pH 5E, HitERARTLUR
FEEBARNFEAHRTHE. ABEERE X —BETIBEFES THE A AR
MER, MEZLAETR, AP E—TFEEENEH, AREBREREAR,
FTERXFAEAR, AITSERERRNTE. R0 BEAT LA EESR
HIFRA, JBEAWGRREETERUSBHELSR, MARTHSHERRE,
] LAk R BUE B R R H R4 fs[12~14].

—

1]

2.4 EHERBKHEIK (capillary gel electrophoresis, CGE)
B E B Ik R CARERE A BRIk 77 2, 5 BRI B TR IR B A A B
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F—E & @

fadE. BEREEMEBIKMNEBENT, RBEGIEFRR, EBRERE, 3T
. EEEATBROERNGREET Z4LIE4H, R—MIERKBOT R B
JRIESF RKABRITHE. o BEEREDNATFEARE A BT A EER BT
FHae, RAEBR. ZIK. EEERADNAZSEAY KO THESTHER L
H. HTEBAETEMNERE —ENME, TEXRRETIERMSN R, sk
HRAGERE, PRETHEE. BEREFEAEE. B2EHE, XEYFEESTF
DNAJF[15~17].

2.5 BY4EHAE(CEC)

BHE EOIEENEMEAHESBHEATE L B E AR R R 2B HE D,
CARE o 55 B SE A 22 IR (UM ELAE I D9 20 B LI, LU A M sh A R 0 ) A 3t 4)
BHEAR. ERHUNESRFURN S BHEEFSHHS T, AT S
FUEEMEFIPERE. B4 T EHNERRASHBAANNS, TEEAY
BIKHEEE, NEEXBANEEEYE, BE—MBREFRENENSEEN, &
Y orthh LR TR EF IR A [18~20].

2.6 BHEIER HIK(CAE) [21]
F 40 B # M i K (capillary array electrophoresis, CAE)R¥/LTHREZ - HIB

ERMENE TG, AN SRNCRES. CREEM CE FEA

HOR HUERH_E, 4 & B I A B R — R, ©AGYAEREL,
ATLSEIL+BULE AN R IR S04, B MR AT AR RS 5, AT, T
EMERE, BT HAREATUMMERNGRE, ERESENENANRDS
TAEIElL. CAE ZERBMUENS S, BREEMHN. RISHoRitogy
B8 B ST AU T T A0 ) EEWF R R, 10 PCR RSB DS 4 b, w5
T PCR 718 B SC i W[ 22].

2.7 B E B R[23)

TR T Bk £ “ N A 5% = ” (laboratory on-chip) I — M EE N, ©
B AT, B, PDMS R EZIh I PUR G 1 SEBURE S B, B A
PR AT OB B2 i B 3k 2, BB KB —RTE 5 R AL, HENL
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B-E & W

Bik. ZERETHE, HEX HitoEEER, (LERNEHE B EX
Ik%ﬁnﬁ%ﬂﬁﬁm%,ﬁwﬁﬁmﬁﬁ,ﬁm@ﬁ,Eﬁ%ﬁi%%ﬂﬁm
B, RURIF LA amia[24~27].

29 FEAXKBHEHII]K (NACE)

CE BEHEELIKABFANETHERTHATR, ZXBRE T 2R EH T
A, TR A AEH VLS AU R e AR BR A L B R vk &, BIEKENE
A ¥k 5 (nonaqueous capillary electrophoresis, NACE), AT U grix A A . X4
SBEEXRFTREES. XELE. BOEHAEANBERNSRLM A . NACE B
Walbrohel 55[28] T 1984 £ & (R LA ZAg A 3EAK¥EF 0 & T JUAT 7 74 A bk ) e s
W, AT REMZR. HET, NACE NANHRALEFEFTIER. BERE.
Frl BRI UL R RS A .. NACE FERTOMASGE T KOEEBT
ENLEREYR, 7 BEKEN CE F#HE oAU YR, BIFEERE RE
HER, MEEEFESENRIBENE —ErEE.

F=1 BAERKSTPHRRABH DR

BAERKURER. RE. EREDNRBEE T AVEMEYLS
FRARMAEN, EEMERREMA. FHEEFAATR. BWREBE /M
RIS TR R SR S TR A ER, BRI RS T B S kR %
RRESEET. BNERATSHRMBESEAERKRA, BRESNE.
KT RIS, BLLRNBE,

3.1 RIMGRE

ZRGHE R, BAERY. el ESEtEsE, RETNARTZHNE
AE Bk, KERANEE, GRAT D TFuadihEsth, BEEBTELAEN
BARM, FrULGERSes, W TRAURSE. Tsuda T [291FF50 pum X 1000pm
HFNREHE, ROLBKEYT B T208, BEEEXTEUNER, BARERT
10"mol/l. Hartwich R. A [30]% K — M AA L L KA £, HBKEET E T4

L %1
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&, BMIREE T 40, EFT65X10°moll.

3.2 Kotk a8

BOGLE PO R R B A BORE A LR, Bl B SH AR R e EH
RERNESRUES Y, REERASARNEZ — ERBERX
107-10"*mol-L™ [31], ATLAMEAT 84> TR AMIKIIM[32]. Mathies R A [33]1Z
W B AS0 pm RIEIKG A, RAEE R A, 20 min RSER T 600 FRA
%t(bp) HIDNAJIRF, #EFEIE9.4%. HE R TH FRAT4 g %My
FREFER, RMEERELBRERNENSERETESE.

3.3 i iy 88

PRI R S AT EAR, ERABE S THHALE A RIAE
DEREK. EANUATURSARSFREN ST, BTUEAARBESR
WA TTY, ERESFEUER. EHERKSFEBEATI T 48 580
) “3HBERE ", BEl, ZERATERATERANEERRMERNSN . Rt
KIRBES, SRR, BERUARAE. SO EBAERRE XS
B A [34~37]5

1]

3.4 WERIRZE |

WEILRUAE RBES. (BEHAMNERSMA, EERCLFGE
EMERIKEKA. hFERCRANRBEERMNE OSIARNRERN, FE 5450
WE &R, BARIHLESXERN ST B 8. Gilman S D [38]%%H
LA G ROGRTI 8K, BT 9. 2X 10 mol IR IR « tn B e F R oA
SHTEB, MR RS R4 BB 20 [39,40).

3.5 M{LERTIEE

HUALZRMINARIAE: () REEH, BHBTEpgngk; (2) %
tEeF, FFAES RRBRNEDER. IFESEFHEEEYRNAR, TR
AP R AT LR A BB SAITIE: G)EMTEERE, — B A3-4M 8%, (4)
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WEEEER, NARK, THT-REREM4]). FRAMNBRLERUAERS
Sl B IERTE.

3.5.1 HE3RH
FE 0 U A AR 9% P 1 s AR (W) 7248 8 R /) B 0 O B Y W R S AR LT 4
M, FH A EERIFFRAEE[42] BT ERN843]. SRR
EFER A, EBME Bk A HERIN R BRK NI TN B FHEERESH
lha¥, #—FHR T BAEBKNNAER. BEBTHRSRISRGHE
WHEA, FUBFUTAL: (D) AEES RO ETIRESZWHENRSUE. ()
REERBTHERSENRABEBIZE, BT HENR/, HN R B EHRE.
(3) BREFBESRNA, HENESRMET R AT EME. 058 S0
RS T AR EE PR, NEFUE TR REXR X B HBRTE
ETHRERTREBEAEN, RETRAREE. Avdalovic %[44 T —Fp
BT RWRARE, N —RTHANEYE R ETE 10%10°mol- L,

3.5.2 w ALk

LA R U A B T I B Bk (ISE) XS R0 R Bk B 1w T E 85
Frii[45]. AP R, MBHRECER, R8T, TTEHTFISEM
REERE, NEREERGN T, REASE TREN BRI ECKET
KEHIRRE, PRIE R DR RS 2 O TTHAE IS F46,47].
EXFFHIEHERMEXRE, 5506 F ISE BIFAEHE, B AT S By RS2 30 T
— e PR,

3.5.3 RHRRE

KRB THRIFMEENE. BREE. RRAZE SN CE RiFHH
W77, AHEN FRERETEEAER WO RIS LY BB R
HISCRIYTE . FIEAE KB SR MBI R B B R 1987 £ Ewing 32K
(48] HAY, FRAMAMTXABERE AR (Off-column) FHE SR
F\(End-column). H[FE4E BIKBEANEEIREESE AL AN E.
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BT BAFHEKOFEREESEAR

] 5 R AT i 2 AR L, B R PR TE S B R AR T T ) B Ao
. BEpTEAEEKEERTT S TRAEEE, BAEMNARDT 100 um,
FUF S EUFAT IR YRR IRAE, SEA R BERAE . tn— 7 RS AT
FR RSN B R REENN 109~10"mol/l, BALEREANRHIELE
107~10%mol/l, FEEHEMEMTHER . — LY AT E £ H S, mEHREE
W EER. BiRFERE, UEBAE HXSBIDERENA S ETE
£, BERATEAGRAESR, HEBK, WASHREE. AEERERKE
S LRI R, B R H AR SR — A, BT EE RS R
VR RS FAABRIEE R el A, SO HE B AN S P 3K [49,50],

4.1 BBETHE

HEKERRETEHE Bk R BENA YD SR ER —FES
HRREHAR ., EHHLEEIIRRENRBEED, BTRAEBNEEERT
BATRMEBMHEE, AENEER, REOREEMEEPNREBESTT
RHETRMFEBH O EIGRE, FEEAXERERSTFARRST, Bk
TR AKRR . LHRE T BN RS RNE TR S R AR, 7
IRRSAERIT, BIEB R, R R R 17 2 i T b T
B MEERXE, &S TFRIREMNTBERELE 2).

FE 8 BT IR B 1) PSR B 4R 15 $EY v T Kohlrausch regulation function
(KRF). XfT B E SRR AL AT RS A Aok, HKRFIFE
THBRERARESL]. AR B FRREE S SEKE UAETEMER
AR SR R EEROR[52,53]. MM R I L8 e /B BHLR[54, 55].
FHARN K IBEEEL N T, ARERBREATES, ARNARERE
A AR ARFBEENE I (MEKC)IEIT 45 H e 5 i Ik 45 52 SE TR b M VR
%, WHEEENFHEATLUER LT #5657,

ERII KA 2004 SERFHL AR 16
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Anode Cathode
-te—gtato—+-
—a+—-ato—+at—
te-g+——p+e+-

t=0
it %) ot
{-~——eetatet+t+
———@-g++aott
e e e oy e ey oo
t=1
m-—@=Q @ +8 +hh
~=~~B8 & +9 +t+
————&8 @ +8 +¥++
t=2
—--—-an0s bt
-G08 ++¥+
—— ) i+
t=3 Low Righ Low

Field Strength

Fig. 2 The process of electro-stacking. [58]

4.2 BgokERE

RN SR A Sk e R B R, B R KA s B R IR (O S I
WMABIRERKEEMBENEAET, RERNRESHEEEEHLS,60].
FEEE SRR, IMREREMERMRERTETENEBNRE, SEDRY
REREREAXNETEHE AN BGEE, X, HEAMHNETREAER
BB, R RREERAILER. B, PHET RS
B, T S BLG HE T RBEREE M R N [61~63]

AEXRP, BEEGHBAHEERTN—BOKE, SR RT LM ERERBENY
REMAEEN T 0 EmEN, RAURBERIES, £ EEE LEORRK
W, R ARRAGEEIA B TR R B RN £[64,65). thaTLlBitR
AR E, SRTRBEAREFROGHE, BEHE EREFRETFRK
HFE[66~68].

0 3 R A0 R A i R B R K AR BT LA SE ISR O HERE I B TR B

FRIMTE RS 2004 £ BIFE 2B 17
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ZRAFE WA BRIV R ITE MR, BUE K 2 IHE G\ BRI SR AR R
FEEZ A, ARE] LR BRI B #0691,

EXTTFRAEBIRE, AT RIFZERMBHRE, BERFORERE
EAAATN. HBZEXASERNMEMERBRERN %, BT TR
RUATAEME, BT LA R R S R BB R S B T B R A B IR K AR 701

43 BAEEEBIK[ITP]

SE i Ik B R BT EME R ERA RSN EATTERER 4
SEEKIEFBIERNTN [71,72]. EBHEFEARABRKIBEES
THATEAEFAEREBAER RANSRBREN), AEEARERER,
EREERAE AT RBMEIEE (BB BEE N TH &P e
By, AL LB, BLUGER, #FaTEFRIESE PRI EEE
BERBN-EREHAEENAERES B BEFGSANSE, M4
SEARKBEREREEN. BRIBEEANET, BRRX, HMHHEHHR
A, BIGEBEE RS, RFEN, FHSHS LSS R AR
BEEBNETH3), XREFERKIE 3], EFHEXT, RESFETH
SEFRHRE, AR REERNRERE, MABTEMERENEILBER, REL
BATEMBE A MR, TRFERH—FEBBR[73,74].

R4 Kohlrausch A3, %3 B K HIWR A BN R RIA 4

ca=crLua(BrL+Bo)/[(Bu(kathc))cK

ca ABRIRE, c AWEETRE. K AKHIEF, R ITP EEE.
FRED ITP, REAZMNSR TRERESR, TEEIEHRERHR.

LR ERANEFERKEER —REREFHTEENSER, MENEE
Ik (CITP), ZiEHRIEMB, SMTTREMER, —REEB/EZXI0~ 100£F,
EF Bshh. BXIRERE CITPRE Verheggen%, ATRIL, 25FAE T
BRWENTALYE, FTBRERNREN, AETRAFERRNTTE
F. HETEPR BCEYSHSZO)EFHERD, 4AFMNAR: & vea>rs
W, HESERETRENET, EORIBN, AREBEMBA (1 r<u)iffy
CITP, HiERMS:RE REMBEHITCZEDN B 2 v pop<u B, BEERBMAER B

HEIRIMTEASE 2004 ERFH TR I8
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R (b>uy), TREMBIERBETHE76,77].

Fig. 3 Scheme of transient ITP stacking.[75]

ITPHIAS—FEAR BT RREAENBESBAR RS ERKNEAE
Mk BA AR, ITPERENRBRANERE PEREE0.2mmAR), Lt
b R EAR A S, IR R M AR R ARG ERAD AR B
T CZEZ B5(78~80). XAMEEREAEMAERIEAR, REZTLIERERS
FERKREEANLFE T SERKN TR, EFBNEE, BT S8
B. #RK=ZMITP-CZEERERMERXNEI. IRELBEAERTEE
10 mol 13 BRMREA S, HHEBEI0-100pl2 18, 7T LARBE ARG 58
BEATRY I [81~83].

HArX B E SRR ACLE D AN AR RSP, R 4%
P ES T, NAHSERXFER BN — SR LM RE SRR
HHFRBFTIRAE. BT AN BORREEEEBEREARN, —LEEH

WA K 2004 EBFE L2000 L 19
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T-5.T

BlE-5-BGE

Fig. 4 Three different interfaces of electrolytes for the on-line ITP-CZE

combination with column coupling.[84]

SEFEH AW A AT AR — %, Wi R AR - A% . Hynnils, H KS&H]
HAEmAEREA, RETHERRBARBEDRERBST, REHEHHS S
PVERE, FACE-ESI-MSEHfTHIE (85]. HAMIARARFAELKAEINET
iR H YL [86]. LA R FRARMZY 57 [87-91] & & 3 47[92~95]. &
BB 5 T R B [96~98] .

FRY BAERK-ZRRMBAEARKERRR

WRATE, ERERXKRARSENE. RAAREOEFNA, BHENN
HGEMRANEATBEARLARNEERTEE. £ BOLER.
REEEMRUTERIT EPRE, EEFEFENSLERER. TELPR
BBIFR A BRI T HERNEA, RAEREMRANERNREE, B
R A, M RAR., SUEERE. REME, B3 T ZRHRFENAZIL
Fi B aiicF R BT A TRRTFEREBMNE RIS BRBIERE, #

PRI K 2004 I T EATIE X 20
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BRI REHE SRS S ENEE, B R ZRRlaER & ERIRAH
Frml, FRRELRSSRERM ¥ ELE=" ROV ATRE.

5.1 ZHERWEHEXER

D RER E B HR EEIEGER T RER MR E £ aE
WY, B, MK, M. W, B EVWBES, NATEERS. ERRR
L, B FR A S A EE R R R A A IR, 2% B, 0 e e o] R o A —
SERIEEBIRAR[99,100]. X THERUEEER YR, Wl UB i —2EEm s
FERRBFERN . ZHRMELESHN. ZARNORBER, EFHEET
—ik,

AT BMEBRZHRMERAR L FEF SR AR, B, o
th EBERS, HEERNEBRARESE P, Ay, Cu, Ni %, BRBHERE
Bk, BEAERR. GRERE, ARRPERES, TESHERER. B
BRI AR, ERARARETRA, NTERETERRE, BTEER &
BB RSET L,

P TR ER, HERIAMALRRS: [101,102]

TI=nFCU[1-m;exp(-myDA/bU)rE{Li/4]Dtr) ]

HAP U ARE, AXBERER, b ABERSBAEH D2 BB, L bt
BRE, tn HEBEE, m M m HHH.

T EMERIK-ZERAERRE, TRZEHSHTARNAR:103]

o = 2Dt + (dpldTP (UAn) (IV/AR) + 2, VL4 N2 P 4 o'/ 1

HPEHBAR. a8 B REA T KESEES N SBSREE.
oa = H = /28

ok = 2D,

Sha = (dpdTV2(VAg) - (IV/dx)

a':‘ = p:“, Vht:,aflz F

52 IERITHRREET X
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FHHE K- Z RN TR RREE TR, TEFEERERIM Gk
BECZERNEF T RTEELHRNERERERN S, ERZERIERE
Boas gk, TUHMEBRRTER .

5.2.1 EEzFERR

ZRRNMBEERAE |V AL TR THITH, SY9r it
7EnA B EL BEERETHEKSBEES, BHAERRBEMT 10-30kV BEIE,
FHEFHERETEA T EAEERE, XEMHUATR S ¥m, hT
Bk BRIAE SIEHEKGE S B S, VABENE S SRANDMNRGHATERE,
B BAE 2 A 2 BB AR #R 47

Walling fl Ewing [104]1& B ®it T —MIFREEED, BEOBRNEHEE
MR, FE A EREANERERAE S, R R R S iR
FELEOFARNERERS. FX, YKI0S)EHALILABRELRESI
B, HRWHEELNRRELFERMRERE. 1992 F, Lunte[106,107] %
F Nafion BER# M, HF Nafion & H FHIEMMA, FUAX—THESHIE
ATTIZ AU . Kok[108,109)8 /e h B, R IIRIES] fmol LB . H4t,
EHIT ZAAHERECN10,111F08E EBRED[12], B TSR
WEEAERRMBAEAFER FTREMSERXFTRE, HTRESH
%%, Olefirowicz F1 Ewing B4 T —Fik L pe N, ERZEDEET
TEE BAEEE, —BAREEN3). BFHEBEARLED M MmEE
MER TSN IIERBR[114,115].

522 BEZERHUER

RSB 2 B MR B0 DR it (BRSO e T Z R 20 i
—HRWHE . BEATTARRRUTRNETLE, FERERER
MEERM. 1991 4, Huang Z[16]HH T —HREENEBELERNEE.
THERIATE Sun BEME, WER 10nn MRS T falExZ S50
D%, BFELEAERMEDS, BRETRN, ARNMRREEEEEAS
MW, TEREAEORBESESHOBN, T EETIAR RN, Ly

ERIFRRE 2004 F o HETEMHT 2
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E117] RULERENLRDT 25um i, FEBRGNEERERATHER
W, EEAE Bk AR RB R RE. Ewing S8 BHE D
R pmyR, R TRRNEN, BB T HAEHERN. Ye £[119,1201{FH
MR RSO, W ERSCIL T S ERMEERIRR, KASE T iaEr
e EMERM. S. Lunte 57 M Bk & 85 BRI A4 T 8528405 [121,122]

{ A
(a) <25 pm] l—nolm,f
i

) 2-10 umzL"—"—l._.—“/\:—I 10 pm

l |

{c) 50-75 p.mI h 25 pm
L |
| ]

@ <25 pm] 25 pum
| ]

(&) <75um]

H

Fig. 5 Typical capillary-to-electrode arrangements used for CE-AD without
decoupling.[130]

X THRRRE S BEEN B RERNNEN, SEAMTUELR. T
BRI HTRFMA R JT AR AR AR 2R BT A I B S HATR R Y R
B, BRIEMEXNRATHHEBE. BHUTHAR. BRMNERTSHE RS
2 Bl BEES[123~126], Lu B T BAE B ik-B AL 22 M R R k). By
FERE . BHE R AR R AEIE[127], Wallenborg 3T iF BH B8 H 0 A i
RS ERR, RERBRNK DAL SREE S EENER[128). 8T

EHRMBARE 2004 FHIFWE T EER L 23
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WREBERIOEBME, FEA AT E A, BAT LK R IR AR R .
[129)% WA A 23540 77 A ) 5 ff o

53 BYNE FRIK- LR B BT A BR

BAEN B, TR R FE R R S B A 1 R . BB 2 (B A
Gia, WRHARANTANNARET CENRE, BRI E a2, 252,
WRPREE S SEERI . B SBIREHH 50T EH KT, HIEK3%
WRAT, DEBRARSTRMENE T, E¥E,

5.3.1 R BT 247

XEHEF AR UVARR, {E1F% %S F7E 200-800nm T 85 £ R ik ik,
Fft R ETE R RS A TFENE FHlE, MATEESRMNELR,
Cassidy FHZIER TUEMRRE THNE, HERMREEHHTFLRET
HIBIE[131,132). Lai SR HEAARBENE THRYPH - NRAFER, 7
BUEIA ng/mi[133]. Wallenborg % I B 47 4t s iR I SE T 4K B /K R 1 7k BB 4R
[134] . Fang Y %A] mvRuFeCN 1A B iR m B E THE F[135], You T
SRR EE M AR T BN 2 T L136), Jin W S HI A AwHg iR
NET —MEBETF137].

X FEHHBEFRAE, —RESHERFMAL S TERTETF BT B
E, B B RBE138). BFE 1974 £, Virtanen ZMFE T K\
Na'. Li"FTHHEF(139] o FREEBERET. B &BETFHY CE 447
PRI RER R T 2 BACR[140]. HABTHFEMA CTAB ZABE FHE
EPERIME y BB TR, PP LR 4 B MR A [141~143]. Cooper 25
ATEWARTERSFHSHER14], BRELBHNE S B EHET
BT i%[145]. CE-AD TR AT RERA, Schleger BT As # Se f9%
MO ERLEY, FFAESRR, THHEE 0.06mg/L[146].

53.2 @M aHr
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TEER, WEFRERE HNEENE R TFRARSN, EHRNEA
MAWHFRMEE TR, B TE DR IME (DB AR QBRER
HAorC)AS B EMML@GOR LA MEMNTEE. BERAESSERE R
BE RSN SRREXE. Ewing, Jorgenson fl Sweedler FFIT4E T 0 Mk Hh 4% E.4
& ik T L 2 41 47 [147~153].

Ewing B0 & SGAEH] T EME Rk et R I ah 4 5 T i B
[154,155]. Wightman FJT6HBRBEEINR 2215, AT AR 255 43 1% 1 ) 88/ o g
BAH &R R[156]. Swanek FHEMEBATHRZES BN EMSHRANE
BERER, X T “H24RNEREADEESARNEESE T 2 ERNER”
[157]. B HRER T2 ER RS H MR EHMIE158]. Ewing 47 CE-ED #
TR B2 TR A DNA TR B 28 R R E159]. W. Jin F|H
BAE HK-LHRAIE T B2 S A RERER RPN A RS ERINS
HEk, SMEERSRETEERME N REMRII[160,161]. W Jin EFIFH Rk
FERNEIRRIE AN AL AUIRAM MR, SR 5 B 40 rh bk - el A 2 B 4 0 72
AR SR 3K 2 4.2um[162].

533 B

FEEREBERNRBRAERKFORBER, SYMTERESATEL.
EREERK-RERABREAY S BT ONATRRRSE, RERSSES
. FHAMES . YR RES . BORBRERYS. :

WA YT E, Fang %5 CZE RERMENE T EHREREY. B
BEAPOERRA163,164]. FXESH HEIM CE-BALERMNEL 3 VC,
VB, 1l VB #4T 4B SR MU[165]. FKBH%H HPCE #,7E 50 mmol » L' ik
(PH8.D)F, NEIETEFEEZNRAY166]. KHHE 5 LA ARy
“RUHEERS B AMENENETER, UBHEERSMEXETEEN
FREW. FRESAEN CZE SMERMEA, 7 30 mmol « L 5188
-NaH.PO,; B (pH6.56)F, %t BriME R ELRBE#AT TR, 77858 B T s o
B FRBE ST RO 259 B WA 167 4 FHRH S HPCE- b3 vk, 4088 T4
BERCBIRNG —CH R SRR, P A BRI AR M 32 T NADH -5 B[168), B2

HIRIMTE K 2004 £ REE 20 25
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FRETHFEFRTRAXNTERN B -FHBEIF[169,170]. BAHR%H
Smmol * L™ #1%5-SDS 2b R4 (pH8.5)MECC #0, RN B RN T Mt
Fr#& G SRS, F. BEMENTBERE>95.6%, FEERTKETE
WEERA171].

FHMARRSTRES, KT EFHRINMOEARTL. BEEK,. £
Bl BYREM T RE RILEIEN, AU B0 R k-2 i K AT 4y
#ro Liv ENREESE LT UERET 6 MAEWRE CZE HH:[172, 173]. Sun
FH MECC BT 9 FRBTAM R AW BRa 42 B5[174]. Unger ZHIZRAREA
(Field Amplified Sample Injection FASDFE FAMIBHI 2 47(175]. HEEML ST
REEEMER SN, TEFETEYS, £ MECC BX4E., 782, Ha
KRB R AR B E T 2R B2 R 800 T e s S R4y, AT
XY R ATIS BRI 176~191] . Aramendia %[192)0 Shihabi Z 1 CZE 45
AT s MRAM(193]. Lin %Ll MECC 4B T HEHHM-LRMA[194]. Morin
FHATHEERFMWEERTHN CZE 48, SR BT EL, BLE.
EHE. FHBBMRFEE RIS M7195,196]. Fob, EAHFEBAEN
ST, MR EHEN 25mmol <L 3-FF CEE-1- PR 5 25 mmol «L'SDS 7,
FR(100 : 10)/RE1E X R (PHI096)TT A B K& 5§ MERRLEY, T
BHAR. BERARMBIIARFNAEREE. KEENARM[197,198),
Ochxcka %Ll CZE B T HHEF 7 HE T EXMAW[199], Chou Bz T E
ﬂ¢m%5%%&5#%%ﬁ§,ﬁﬁ&mmﬁ%%amgﬂOﬁmmw
Twagami 508 K491 i T 5T [201]. '

Hadwiger S MBHBEIREE LRERS, RETSTIHHNGEH
HIRE, F CE-AD 447 RHE LIREZRIFASTB4A[202]. Fang 2/ MEKC
SR T FHAMAY ANP A1 DNAP[203]). A RE L B -FRHIE B FATEY)
fE CE B3 ¥k 2 B0 00 ), %ot 8 86 26 P A o R MR AT 4097 [204)

534 RGH
tEADﬂmﬁﬁﬂmﬁ?&ﬁﬁﬂ¢%M%ﬁﬁ%ﬁ%ﬁﬁ%%&@ma
%ﬁ%ﬁﬁmﬁﬁ%%ﬂmﬁTﬁﬁ@&i#ﬁﬂ*ﬁﬁﬁ%%%umLcmn
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SFHCE B THARAR, FRTARTREDR06]. HTASHERBRET
AR, BrLAAT AL SR T, Ye SR RME Ek-EIBENE T R SRS
HERAEERRE(207,208]. Y. Fang St A% LM T &5 T i &8 & 28T
WIS R][209]. R MR 210). &RTOTWEER CE MR
% W5E L E RS K —#84). Schmitt 2 #E MU T 445% K*\ Na*. Ca®,
Mg™ | SUHRBREEE211]. Swallow ZH] CZE 8. [EERE T TR
Wi, FAYABBEA212]. EAHET A CE-AD Ml & & & MG HERE
R, EREK. WARE. R, 8. BB%213214]. 8TSRNaRE
A EFEE, BTN RRMAGNEE &RV — KA. Kuo ZH 4%
BRFIR IR CE 7E 10min W RIFRAIE T 8 f&mMRE X215, liEa BT ks
WRIKRBITRR R KA E . Hall B pH11.0 BOREERE: B3k AR, B CZB
MESMEN R BT T — LN T &SP HOIHRERI6]. CZE 5Fi T 5 &
REGLEBHWE. Galceran %A CZE FIESMIABINE T EFSH LB EH
[217]. Nemoto FME LMK, KMl T AEFHARBREN[218]. BINETE
ATRETFEVRR. EX, SELNERTLYRHM ERL].

535 WEYRNMT _
BANEGORAREGDLRALHERTEZ — S540:28, BELh
BEMERR, ERSUEARRA. £KEME. SESHRNERZES A
IAFAR, B, WELAYIA B SRNET EEMHLE L, |
HTEHFERRFCENROERNFNED, FUEERTEIRH
R BERIE, REDYRREENRE R B HRE, F% N RN s
R RBEER R, HAHMEEX fmol £8[220]), Bergholdt &M% D-B%
FEAD D-AEBATRN, RYETIL 18fmol, HATEMBRAELREELR, BEAS
HRRE221]. HTFREAEHRFEHRE, FUUERTRESL2ERT, TE
REFERA. ). Ye M Y. Fang SFHALB AL, ERBESHET, HiFH
BT BR RN DY ZRE KK Y(222~225]. Zare SUUEIRAE N T
%, £ NaOH AR, 3t 15 AT THE, RURE pmol £[226]. Lunte
SRR ERIE, B SOum BeRARRA 4 MR EEL AHTL
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P B A B RIRN[227,228] . IS, Baldwin b A A B B ¥EEALBE BRI
FEL A A ) 4 9 [229,230] 6

53.6 HAhAELL ST
FEE k- RBRNBE AT N EFAYE S a5, £k,
MR, WEBR. ERERN DT EMN S PTRR.

B UK SR AR S R R, BT LR B, &
HERMFERER[231~233]; RFXUHSBERT USRS BN EEEE
YR, EHESHBERELTUBRE-RELESY. B LR SRR
S0 FRONEER, FEHBRRED L, @ATURSERETEMENERSES
W(234], BT EREERSSLERTSETEEBHN, 7 LU B2
A B R TR B 2 B B I R [235,236]

hFEHRMEART B REENEERNEAEE RS, BiETeLE
I B0 Bk I R . A P P AR TR F AR B T BIRUL A
B %1237~239]). HHE BLEE Bk IR A M H BRET SRR Ak 226 45 F AR O R
[240]. S. Lunte 5% | L IRTERK R EMEAIT A, HNRABIE4E BkRE
WFRE T SFHEAL, T0E TR TN I+ 5 I AEWIEHE[241]).

WEBREENERERETREEENEA, BATRAZRRNE G
ERATHERRORN, NEER, SRER. FLBES, §iH0aEER
MR, SRR, MR EHRIRE[242-245]. BAEEKRTBEEHT
DNA 54 W4 8- R G A S ENHR, (B EEMMERTEE 20 )5
AREHITRIE[246), HAAEREBEIHRE LR FORKD . REPOERY
T, KPP E B £ 55 [247~249].

Iml

FAT FRIHTIREPMEX

MAErETE, BRERK-ZERUBEAEAREFEIERERH.,. REEEN
BB RS ATEMNE SR ELBH T ZHFAANA. E., WF—
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LRI R ST A SY, BT BB RRKNAE S TESBR N R BEERE
HENE, REBRAEMMIBEAREREMERLE. XL LH—PHKRER
B RK- R WB AR T RERBUER A, NEARSTHHEK
HFNEFEERSFEAMBEEEAR . U EAEATREERRESR F R4
wAMmE SR, RZFRABEELTFRTFEE, BMiZHAN TESEHAE S
K-ZERW TR EFTREENABEASTRENFREX.
FERXFRME LTS T EME BU-LZER TR P A R
HIBKER R £ A P BATE S5 A R B S 2 A E W TR 4 B4 IF
R B AEAMRBRTRE. SERENS T =RA40RRBEHEEMN
NHIZEY, RRT EBHEBIKBIAFNRBETGRCHENE Y. S8
RI, BEEHMEBAERE, WTLASCEH E A, AERNE F RN BITIRM K
F, LR BRI T EERESIT. FHERNENERHERER, &
A LMEH A BANE TR BARERE. BIEESENHRREN, TUETR
—Fdh P AR AR R Y R SR, RN AT LUA R R B . WEDE
MEERA, RBRTRE. SRERNS T =AM METSBREE FFE,
HERZPERABESR, HEmnmirg U ER —kEikEERBRY, ERKER
B AR BB Sy BT DATE [F)— 3K R vk B - B A R B 4 Sk
RN HHBE N T ERAETHRK-ZERUPNSERRTEERERE X
RRNEWRE, T GRS RN 8 B ERIRERE, W RS
B E IR 2,3-DHBA IR EE 1070m01/1 BEE, i u%ﬂ%%%—ﬁiﬁﬁ
WA RERAT ZREWD R EENE . 01227 A B R E B3 ik
JTEERT 2, 3-DHBA AT TEAER, ERYNFEXFRNG SRR, BITEH
YR O £2 1 FELR R, {2, 3-DHBA R M RFEME T 20 65, AR LIXEITHE
FATEARE K . FAXE N ERE BIk-BAFRRAIEE, SR &E
WA T, MERANSRESEBROLARTEAEFZHERYE. RESE
ERWEEES%,
HTBHMERRTITRARE Z+ZERANEMSITEA, AR
FIEHE BIKBHED IR T R BB S RASRUER, REALEEE,
BEAY T AT, RHITEREEEFLTH, FUEBIHNE—4
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BREREEHAERX-ZHRUNEATCE. TERFBRUTILHE:

1IN T EBHERK-ZERUENEEFRERABEEEATEINEE
BEMBERST: FTHESRBE. ERESHT, XEHSTYE 12min JaE
W IR TR R Al B, R CME R KK B RN R R R A AR RE RN
RBUE 2 BR 7.02x10* nA-L/mol 0 2.17x10° nA-L/mol, HIIER4BIE 5.0x107
molL™ 1 2.0x107 molL™ (S/N=3). N FiZEt AR AR E T XA R
RARBEERBERH S E.

2. HATT CZE-AD ¥L{E#:ME Fenton RN B E ML, 7
Na;B4O7-HCI (pH 7.4) &¥E#F, LI T /K% . 2, 3-DHBA I 2, 5-DHBA 952
208, RMRART 107m0l/1 HEFK. HHEBE I LHEENTE S HERY
FREESTHIRS, BB ETHREEARAYX 2 aENEREEA.

3. MUK RABMEHRATIEBRH, ARKEINEME-ZHRHME
(MECC-AD) )i 43 B AR 8 @ P AR I B e AT M, EDBRR. BB
BERRNBEER. TRNEGT, B, B, CERABREBREII=L4E,
E=THEZCEA, BRREHFUYE B TFHEMEXER, BT S /N=3) k3
1.0x10° mol'L"s FTESLEA LM, AISE. EUMAEEIT. BB TN ERTE
RFEEKTERRE, WEER4ABE. |

4 NABAEHIK-ZERANEHELEEENAK. RUITFBERERY
k- LA U EHENE A RKME N EEAR. EEErREst
T, BEZWAMWRE BN KR - S 00E, IE. B8, MRas. &
. ARTETE 25min WKL T2 & B A R L HRIF R ERmIR . XAHF
HRR&TETEE A 5. 0x10° ~ 2.0x107" mol « L™ Z 8], #yWiFR{E Falsin 10°
mol « L™ (S/N=3) . SKEQWRE T 24V 53 0 0 B 55 B 0 088 4 5 R BT 4R B By 5
ZHRAAR  ETERFITEER. RENSHE. RERNER S ITEMR S,

5. MIRFPKEH DD THENFTIBMAE RIK-RERUFR. AERRK
WD THEAFEETIRLE (Vo). /B HEK(GSH) . REE (UA). BE®
(Try) ML R (Cys) &, FXEABAE BiXk-BIZRMUAE, LESERSE
AR RN, HRETMEAMEFRER N> FHREAFSBHI GSH . F
B (UAD. R (Try) MRS (Cys) MBEL M. ERETBAMGTFE44
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B2 PESOBRIZE 1. Ox107°-5. Ox107'molL" N, RMRBE 10" moll" B EL. ZEEEF
SIrEEBR.,. REEESMA, MLEEMLBONREIE THERERS R,
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B BME K-SR B O TR R R B M MR R B

111

24 E K- 2R TR AEFEME S
REHFEERE A PR THRETR

BE

B BT RIK- TR R N e
s P EEBERENAS T RT3

S
L
R
F

RE

ZXERHAEBHER TR —ZBERAESHINETEFPAHEHEEH
FRW S EEE (HCT) FIA T (RTD). EBELHT, XFEMHS7 12min
NEEBS SR AT R B, BB LA KN BRAmN. EREF HCT
RT MM TER 5 H1R 2.0x10° ~ 1.0x 10# molL™' 1 1.0x10°¢~ 1.0x10™ molL"', #%
Ratbl B ATEMBIMREESHE 7.02x10* nAL/mol M 2.17x10°
nA-L/mol, #IBR %51 & 5.0x107 molL™! #1 2.0x107 molL” (S/N=3), LI L% &
ERZATEATRBER. BEMSEMR A, TUHETFAYRE3 20,
HILH RS T B AR EEE R FRBEF HCT M RT KA R, B3 TR
RS R,

REH: BRETBK: AN, AT; G5EE: BEREHN

1 9IS

BEREAE—FEANEFREYS, REmS 0Ty, £hENki
FEBE BB LR, SENEL 6 THT. A THEEEEEDHEE A+
MEBEERRS. BT ZEMAKPRE, A7 K0S, KEn S EEENk
Fl. EUSUEGEOFURA), HEARUR, MRS AR M B/, AT 5 o P

BT S T AL SRR B A B AR B [1,2]. A e
3-5]. ERIHEI6]. REHE7.81%. HETE, EWiERE R %I LA
SRS FIRE RS, IR ER, I R R EA B . 4
R, BHERKEBE BB SR, (S 8 AR B
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BB R E A A MRS MR

TR A BT R AINE. M. G Quaglia ZF| I EME HIK/EHEE
B 2 PR AT W A B RE SR (linear UV--visible diode array detector) i
T AP A ERE, LHUEA 0.0244-0.108 mg ml'[11]; S. Hillaert %5
FAEREBRK—EMRAENE T OERRERABEAYPRHEEEE, &M
A 0.010-0.200mg/ml™ [12]. BHE HIKEFEREI. BLBESROLER
MHEBA, T8 RFERR FEEUNCERRBEGEFER SRS ETHE
abs, MBLEMRERRBER. (EBBREAFRE, EREMELIHE
FEESFBHE BIKEH. 1. Ye ZFHEAE XA BIK-ALERANENE T
BLKFN Pueraria lobata (Wild.)F 7= T119,10], #MIPRiA 5.11x10"mol/L. {BEE
ME BRIk —Z R ARN 2EAE S TS EEER FERIRIE.

AP T S SRRE R BEEY R, B2 ik e ®iE R T i 104
. ERLHRINERER T EAEX H Bk —eERN B ES THEE
BRI EAN, SR{AXHMESATUE 2min AL, BUEEES
2x107 molL'. BATHMAENE T EFBRETHRHRER THRHALHEE
ARARBFRIFE T MATERE, RATHENGER. B ZA2 7R EER.
HEERLD. nEER. SIEER, FNRNERA, FUEREEY ST
230 S RIS T T — BB A T E S

2 LR

2.1 X 3E

BITHENEMAE BIK-ZREWRE" Y, BERE (£30kv,FEME
Be LR FREPTAAT): WA REAE (KK 40cm, B2 251 m, 5% 3600
m, FALKENRL] ); BAS LC-3D FIZEMAEE (Bioanalytical System, West
Lafayette, IN, USA); &3 B3FE IR R (Model XWT-204, L KR ),
CHI630 HALZE 4T {X(CH Instruments, USA): =HiIERZ: HEH 3001w m
BB, WAHRSWBERMNHELHEEER.

2.2 mxB& B EEIHIE
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o EHERK- RSN RAETEE RS HEE S P H A TR

FEZA 3000 m WEBENERME, HEME—mE&EE—KER Ilmm
FAfE L, RERLARBBEA—HONREAENEEE (ERY 1lmm)
M, BERASEEHEERMEREBERRITEEERENSEER, XT
24 h JERIAT{E

BRI XKEAR A A SN 4. SRR MIG, Rig HZIREEK
TS T EIERE.

2.3 A

AT Cotrsr, BEEF—T ). S8EE (s, HEERERAFIARD,
BREER (EEBFHH=T).

1.0x10” molL™ /& T F & SR B bR ik 2 W0UFH PP EEEC I, L AT FIEfT &b
WRBEEMERE. 0.5molL Mi®F 0.5 molL" BB — S 914 & FH — RAKAD
o

HARFI s, SBRKA kK. TEBRELRITHAREE
TR (0.22um) R, FEBEE THSEFER.

24 SER T
SERROR TAE AR, SRR B Bk 57 7 B e E B @i HN A E
b, RERS=Z4MRATRBEAERRNGRE DR TAFRRABIREK.
- EBATEBRMGEHRKKRA 1.0 molL £hE, —IKJK, 1.0 molL'NaOH %
VYE 3 min RAEABITHEREZEENEREBEUEITERNERER.
FRERDWE, 55H 1.0 molL'NaOH B ¥ER 10 min, 2R/5FHEMMHER
R EZENRAREREFHE, MMREHFZIIRE M BIBR.
- ERMBHELMEN: SBHEE 17KV, 25mmoll 'Na;B407- 50molL NaH,PO,
(pH7.9) RMEWAEITH, #HENE 7s, RTBEL 0.80V,

2.5 FmibHE
ALRH—IMHFRERTFARHRER. BH R/ NLERREH PR
B, JEHEAFEREL 0ml, HEBME Rk BRSSP ERER S0 1£.
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o EME R RN RO MBS R R P H RS REDT

B—MEEREBNERARM S F2HEREER =/ ERIRE. ZREEL
REFTIEE (0.22um) U85 HEMEBARE 5 1T 2T,

3 R Giw

3.1 ZEERNAFREE
ETHTEMTESERE (H1a), SEEESTEHPEREE (B 1b),

R I3 ek Ak BRI =L mmmy. B2 2F T MEsEERAE

/ H
HyN
Cl
H
a b
Fig. 1 Molecular structures of RT (a) and HCT (b).
03 v e :
p ] blank —
0.2 =
<« 04 /
r~
2 06
- HCT
'E 08
-1.0 4
-12 | a
-1.4 | RT
-18 ' L
100 090 080 070 060 050 040 030

Potertial 7 ¥ vs SCK

Fig. 2 Cyclic voltammograms of RT and HCT with a concentration of 5.0 X 10° molL™ at

carbon disk electrode in 25mmolL! Na,B,0;- S0mmolL’ NaH,PO, (pH7.9) buffer solution at

a scan rate of 100mV/s.

HERIMTEAE 2004 ERFH 208X

44



B8 FTAEHR-ZEOWTRHRASERERRDEREEF $ 7 Bk 60 EHFH

25mmolL" NayB4O7 ~ 50mmolL"! NaH,PO, (pH7.9)E iR A1 100 mVs ™ HH#EZE T

FIEF AR ZE .. AR ERYEEA+0.75V B, HCT #i RT EHEFEKIE. HT
PR R AT R AN VR T A B R AR R R I R I KT K, A T B EIEH
REEERFREREL, ASEKHIER 0.80 VAEARN BT,

3.2 EHFHEKSBAEMRERE

EREEGT. A THA_ERETUSHEBRERERE TS, 16], &
FEBRTHEE LHNEETEHSRERBNBBEMHER TS AR NEHWL
E, PTREASHNEEEREEATISFABEETE LENHEE, XHE, AiHHEE
FRLLAAR, TUESERERS THEBS AR EKERERBTHE. L%
4 B P B L OB 24 R AT RR £h-BSP — SR, 4R RIUEMR -3
M_HEGRPATHEEEEATREMNSE, ZEFIFMSRE-B X
HERENTRER.

FEATLA 25mmolL 'NayB407- 50mmolL! NaH,PO, iz 17k, S H pH M
7.5 £ 10.0, NTTHITEITHE pH EXEHAERKSTBREMR., LEERMNE 3
(a,b) PR, BEFEITHW pH ENFE, HoWREREHENEK, —&FFH
FIEIR ZE R, [ERMENERERK. BAS TS EESEE KNS
BE, MUNREEERMK pH H, P45 EaTiE. 25mmolL ' Na;B.Or-
50mmolL” NaH.PO, A5 i) pH {ER 7.9, ZEHBE T, 4-4Tet A8 M Bt gsis
H AR, |

FEPWIREN G R E 3c Fion. 7E NapB,07 fil NaH,PO, K (1:
2) RFAZHAIRT, WNDBERKBZEITENBANRE. BEESITRPHKRE
RO R, REBHRERER, oENREK, BRMNR/D, KRR SR, B
DATEARIR B R A T T LA 4 EefE), RERAEE. GFEERIEE. #
TN FN 4> B At fR], FRATLE SLE H %+ 25mmolL 'NayB4Os- 50mmolL! NaH,PO,
ABITE M.

£ 8~20kV EE AN BEE, EXNSBHNENEMNE 3(DFT. A8
B LR LIRS T NS SRR R, BimNEEE. FE. B
FEBEERE, BMENERER EERANMBEZEBA, SHERETE. 28X
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% . SO T R TR RS BRE A P BRSPS

KT, ZoERERRE, 28EEN 17kV HREE.

Spib R bk, EHMBRAKHT, BURHFERTEIM4s B 165,
R ARN N, BENEHEREETL 12s, BESPHERR. BTEL A
THRARELR, LRPIEEFETs fEREHHE.

s LR, YROBRUEZGRE: 78RE 17kV, BITENE
25mmolL Na;B407- 50mmolL " NaH,PO, (pH 7.9), HHFERT ] 7s, #rill 47 0.8 V.
A THBENE THSEBEEESE (4.0x10°moll™") KHEKXE WK 4a.

25 1,40
| 1,20
L 201 8 [—e—wor
% - 1,00
E 16 r % 0, 80
810} 0.80
g S 0.4
= b7
g, 20
u ] 1 H ] 1 L ﬂ_.m
7.6 7.§ 80 56 G 95 10,0108 7.0 7.5 80 8% 8.0 85 19.0 1.5
pH val ue pH val ue
18
16
4
2

ik
L3

Migration tima/min
e N M & m

Migration time/min
AT

15 20 25 20 35 40 45 50 6§ 8§ W 12 M4 W% W 0 2
Guosay 1 MM { Gocewry! Craancoi=1: ) Seprer | on vol Lage? V

Fig. 3 Effects of pH value of running buffer on migration time (a), pH value of running buffer
on current response (b), concentration of running buffer on migration time (c) and separation

voltage on migration time (d).

3.3 MR, HRBAERM
FEBRIERM T T —RIIRAM 1.0x107 mol- L™ ] 5.0x10™ mol-L™
HCT F1 RT BIbrHES W, SR WNFE 1. HCT M RT L HETEE 4 3£ 2.0x10° ~
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1.0x10™* molL™" #11 1.0x10°~ 1.0x10* molL”, MBI FEB I B R AL 55
£ 7.02x10° nA-L/mol # 2.17x10° nA-L/mol, #MFR4r 51 £ 5.0x107 molL" and
2.0x107 molL™ (S/N=3). LA L ERBERIZFEHRBERLE. X2 HH T4Hh4AE
SRE N 5.0x107° molL ™ BF, FEFH R £&AF T FATHIM 7S IR T 13 894 B A (6] F1 e ey
REIAHRAFHEIRZE . R 2 7140, FIRERANIRERERDT 3%, WHEFE
HIRFRIEIRM,

Table 1 Regression equation and detection limit®

Analyte Regression Equation R Lim Detection Limit
I(nA); C(moiL™") (molL™") (molL™)
HCT =7.02x10*C-0.041  0.9992 2.0x10°~1.0x10™ 5.0x107
RT [=2.17x10°C-0.089  0.9998 1.0x10°~1.0x10* 2.0x107

* Detection limit was estimated according to three times of signal-noise ratio.

Table 2 Precision of the present method { n=6)

Analyte Migration _Time (Min) Peak Height (nA)
Average RSD{(%¢) Average RSD(%)
HCT 5.9 0.96 0.31 1.89

RT .1 0.67 0.99 2.68

a The concentrations of all the two analytes were 5.0 X 10 molL™".

3.4 FREE &R

3.4.1 BHEREERFRBRE

REB _HONLPRITESHMEEAF HCT I RT, FiBHEIKEENE
4b, HHTERIER I FFIH. FRFTENE— AT HCT fI RT A EL 52
49 mg M 19.8 mg, HEIFERE/DT 2.4%. A TIEZHFERETTHEY, HAR
H—UV ST LR, U H — F 25 HCT A1 RT & B4 HI £ 4.9 mg %1 19.7 mg,
FIXTARHEIR 2 4 B R 2.4%F1 2.1% (n=6). FTLAFEAMERTITH, THIEH
REEREM .
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Fig. 4 Electropherograms of standard RT and HCT with a concentration of 4.0x10°° molL"' (a),
Zhen Ju Jiang Ya Pian (b), blank urine sample before drug administration (¢) and urine sample

after drug administration (d). 1-HCT, 2- RT under optimum conditions.

HIRIMTE K2 2004 £ HiFHE L8 48



BT EREER-ZHRNATHNEELERTEERDERE R PHYURSCNERS

3.4.2 REESHHT

WRAE 2.5 frid F RO R . RAZAHT BERFENBEKEEWE 4c, RZ
ZIERIRERIKER WA 4d, SHTERERI P . SREFRETFETTUE
Rkt A2 EE ARG 12T BEAFTERFA BT,

Table 3 Analytical results of samples (n=6)

-

Sample Cnmpone'ﬁt Label claim ‘Found amount RSD(%)
Zhen Ju Iang Ya Pian HCT 5 mg/tablet 4.9 mg/tablet 2.0
RT 20 mg/tablet 19.8 mg/tablet 2.4
Urine sample HCT - 2.6x10” molL"’ 34

RT - 4.1x10° molL™? 3.6

v R el — il

BT RE2HEERRETIMA—EER HCT I RT B HFE#M T K
ARSEES . SREF 4 PFHH, E75 HCT M RT $3RW ZTE 94% B 99%. H
R st A R R HERE AT T K

Table 4 Recoveries of HCT and RT in sample analysis (n=4)

_—_mc m;\ Found mnnunt{mm
Zhen Ju Jiang Ya Pian HCT 5.0x10¢ 4.9x10¢ 98.0 2.1
RT 5.0x10° 4.9x107° 98.0 1.9
Utine sample HCT 5.0x10° 4.8x10° 96.0 3.2
RT 5.0x10°® 4.7x10°° 94.0 . 38
4 45

S0 4 ST B3 B 0 X 7 Sk — e v R o 20 SRR P
HCT 1 RT RAATH0. WA T TR (R F3L. EOUM S,
FEBIR S UV FEARLL, MTEEMRAR, AEfTRANRRN, RS
RIAETALE, AT RB I TR T F .
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FE_ FEHRELK-ZHRRAFHS

BT BATHK-ZERNPHIGRKEFEREERLH
R Ik A A 0 245 4 ORR 4 Y R B e 9

H =
BBKREMEHIFEN —F AN EE S, BREEN TR LR
WA BT E RN A BTN E FHEEIHEELE. X TRAEHN, 5T
MR TEMERE, FRESX—HEERE. AETHRNEE. X XPRI1E
SR AN FRBER RN EKERT SR FE LR, FHER., faFOSERT
SRR AFRBENS T =MASRBERANNNTL, BETEEMS RIS
R R AN RO . TRAI, XRRESIERIE, i
SEOL IE ST OB RO T AN BEA TSRO HERE, Lo e AR AR M I v 2
ZAT. EHERRENEMEBMRER, B EH A BN E TR
#F. RN, BdESESENHBEEN, TLUAYR P RR RS RN R
R, FHERPNEBR-HES. MERHEEESF, MO FE. S8
BRI T =P EAR YRS NANSEEE L TR (BB HH 003 mg : 5
mg : 20 mg/F1), FRAZMEBERMBERER, LAEmNYELLER—KE)E LR
BR A , {8 FH K AR R 7, AT D o 0 S T LA7E () — 9K bk BT b L e ke 1 ke

XA WEEN: BROGER: REE. BEEERK. R
1B

EFR, BHE BN MRS B REMT L EIRBE T B R
FANNA. BHERXSEMEN- T RRELHE SR MEREH, E8%5-
A RHEHRAE, BASE SRR EEBABRHERN EREHNYHRE
BERITHAREENE, AR H. SR8 R EUE % sb-aT R
s, HEOLBEIRRNRNBEE, BEBHE k- BAERNBERRALET
PLET - MR, FHEY. SER. $IK. EAREHS B RE—FE L E
BRI E[1-3].
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BoF EMERK- RN PG A R E R R R T S AR E R

——
o

GCEAEHKSETF, SR, pH FIZHEKE. 78R E. mEMEH
HHREERRABEANSNRMNEERE, REILCHHHAT T HFHTF[4-5].
ERLET, BIIFIA T ARELBEERX BHE B Ik- 2B WA i
FERREN . EEET] SR € (clonidine hydrochloride). & ¥ (hydrochlorothiazide)
AT (utin) 2BEHZHFELRFFTRPREAEERT, HEINTHEAZ NS
DIRARIMBHEAXT KA R BEN R, =M 54 Fig. 1 Bivr.

Cl
H
NH N
j,/ \‘
N
Cl
(a)
O o) O
/4 \Y%
Ly
H,N )
Cl N
|

(b)
Figure 1. Molecular si;ructures of clonidine hydrochloride

(a), hydrochlorothiazide (b) and rutin (c).

£ Na;BsOr- NaH,PO, A Z W W F, BH T H &0l 55 F ( clonidine
hydrochloride). &% %8 (hydrochlorothiazide) FI75 T (rutin) =4 535 IF AT
AR A GRS, FTLlElIRRAEAE BkERIT 5. FAETIHFERENS
Yo AR REFE B s AR = B B R B IR A N, B AT LG FR B RS I e R
EEENERKEA#ITAES . EAERK-ZERNEBATRE. S
BeFE T SPriRERE BT R LSRR A AE[6-7]. 4 HEIE8-9]. bR
WE(11]. RZFE[12-131H0 CE-UV [14-15ARLLE REUE R EEET. 815
RNV E: S T X =
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BE  EME - F A IS RO P TR A B B BB I A P A SRS B R

BRE2HEEEAFHEBEOTRE. SFEENFETHEEDH A 0.03 mg, 5.0
mg 1 20.0mg . R\ ETINT TR 266.6,297.7, 664.6 B FEEMS T E
IRHSY T BT SR A2 R 100 FERD 300 (B2, B, FIRAIE B K-2ERW
Bt L S R ) 2 1A K T 8 LA ZE ) — Bk B K B b R Bk R

EHEHFEAZRERT, BATAHAK. FE. 9B, ARRERZEN
W S EE AR R RS R RERT R R SRR . LS R,
FEHBIHFERMAT, =P 28 B m N RE R B A S A & AR B i 2T,
0 BABE RS SRR ERE S EOCE R —8[16,17]. LK R KM
WA, BRI RERBRMNES SHAL, MAFEENETHSE
ik 3 f5F0 20 f&5. H, AKEHRBEEAN, 2EREEFFH=MEHERIHE
MR 7 [ — TR B4 e bk B BT R B R, T B TR R A AR,

2 LR

2.1 A

FERFFRSTA. SMTRE. CEEENATHE LR FRAAA
M EBHERAAAT . BRESBREN 1.0X10° mol L FRBER. 24Kk
EAME ERE=h2 . ERMAERKI T UGN, FEEREER 02um B
FMEITIE, SRJSH Smin B ESA.

22 KRB ST &M
KREAARBHERHHIK-ZHERMRLN7,18]. HERE (£30kv,

EBIEFEAD. T EBEAREBHAEPHITR50m AR, 3600 m 5ME, K 45cm,
Polymicro. Tech. Ltd., USA). B/ #EHIMBHRFE SRAET BAS LC-3D #iEE
i 2% LI (Bioanalytical System, West Lafayette, IN, USA). ik Bt it F {0 F
(XWT-204 B, ¥ KHE{(38T ). CHI 630 B4k T #E#5(CH Instruments, USA) .
ZHEEREER TERRK(P3I50nm), BAH KRS LHAIZSCE). ML E
.

SR ET, BERRET A ESHPEMENER R LM, REE /KT
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BF EHERR-ZEOMTHHHAAFREERZHEEN T HIERFHER R

B 3min {EVERE. RS =BRRGEEERAFMRAENILT, HA=4H
WEASDODRERBERSEAE RN ROEE. BKERT, BHESIHH 05
mol 1’ #HE. “Z&/K. 0.2 moll" HEALHNELE 3min, REHEMBEEERE
AEANBRREBEN L XN TRIEBIESENHBEBREFTFERER L.

FEHHEFZH, BRARE. EFEENA T &R A AKX, PR,
R BITEME. B HELHHEZR 1.0 x10°mol " MHEHEZIRE.
HATHF RO, M—RE2HERERFBR KA 10ml FEEREHIRME &R, #
FERT, AR IR B AKERREREEE 100ml.

IGHRETR

3.1 ZERN&HS

HBURES TP EEHKMIR, FTH4 TP EEE, S8BT SEE
(Fig.1), 'EMIFA LA Emk E g F=EBRmMN. Fig 2 2 ERYIRKR
RRZ E(HDVs), i B a] R4 3004 5 B e 0 v S Re & B on e 07 B FH B o s ok
ATHREIEHNRBENFRERE, &% 0.80V ALRATHBEL .

4.5 —————-
4 -
35 } —®—clonidine HCl

—l—hydrochlorothiazide
"fé" 3T —k— rutin
S 25t
-
2 2
H B
—
© 1.5
1
0.5

R I Y I

0.2 0.3 0.4 0.5 06 07 08 69 1 1.1
potential/V

Figure 2. Hydrodynamic voltammograms (HDVs) of clonidine hydrochloride,
hydrochlorothiazide and rutin (1.0 x10” mol-1") under the optimum CE separation
conditions: running buffer 25mmolL"Na;B407- 50mmol-1" NaH,PO, (pH 7.9),
separation voltage 15 kV, electrokinetic injection time 6s at 15 kV.
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BoF FAEHK-FERNFASHIGAEMEELDHEE R PERRT PN ERA

3.2 BHMBEBRXTBERE

KA HERR R E . SEEGNE TAARNETEE, ENEKERT S

A IE RS, PR, fls, BEARMNRE-FL. EWMPERET, &
THFHHBRESWME FEEENNSET(20-21], SRERE A EIEEA

BHEAE T IWE oA E, SBRAUKEDNT

T RR 7 L FLfR, AT 7E B4 B KA

B T A ARR R KRR TI B U I B . LR iR, e B s
B RPRRD-BERe — S A B P HORITHR, R T MR S i A B RS — S 52
TR R IEH, BNRRL, Ek AR N ENE. TR
Na;B40- NaH,PO, 2 M fUIR BT THFS, RIN4 NayB4O7- NaH,PO, ik
HBIREE 1: 2 TORKEE I, BSEEETTEMEL. FTRFERR
B 25 VR P T 7 AL B T S SR B R A R ARG o TR, R P VR T B
FEAOTFBHEMREREE. FEZEF, A 25mmoll! NayBOs- 50mmol-1”

NaH,PO, 01T E& P -

pH {HEZ TR MR EREKEED

A

R —. B AHEZHEFEZMEATIF

AR, PTLAERFZEN pH BRI ™E. ZpHHEAE 7S5 3 10.0
K, MEE M pH ERMSINTH BEE, X—INREREBTHEE pH EHE

K, HHEBEERLERL. BREMERXAL

< iR, pHEM 6.0 Z2F] 10.0,

=FaEYnriER R NIR D TEBREZEMBRT, BT E R4, i
LANVIEFE pH HBARBIR s el o E e e, ERIE pH EXK, &R
TR BRI, MRS NI EE. EEMIEE S, 1T
Bt BT, BN, ALK F pH 9.1 1, A THETBEZK 50%. &
EATiR, AL NIRRT T &HEHIT 2B . 75 25 m mol 1™ NaB407- 50 mmol1”
NaH,PO, HiIR4% pH E(pH 7.9%&4F, TLBEHEENSEUE, TBIEN

16 min.

BRI 9 B B EM 8kV B 20kV KA ENN T BESRKER., X908

e, STYREIBNERERE , ANKERERR, EE, H98

FRIEKE, BAEARNRREINS~ AT ENEEABE ) BAERK. 8%
PRRRE, FERIEM 15 kV ARESEEEMRZIHFBRE. FRENERE

IR X5 2004 FHFE L FM0R T
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e BT BRI o 05 R TR S B S R R A R MO M SR e

M, BERRM4s B 14s Th. TRRI, JHFFRTEED 10s £, o4
YRR EERE. Kk, FLREFHFNEA 65, £ZFHTITER
SANFER. W THRAFABEFXHEFERREW, KXEBFKBEHFEFEENL,
IE AR Y 30s, EEFEN 20cm.

gx LRk, RERKANBRESERMERN: 7EBRIE 15kV, RAU#BEE 0.8V,
L MYEVE 25m mol-l NaB4O7- 50m moll1” NaH,PO, (pH7.9), HEFEETIR) Y 6s.

3.3 B G F RN F R

BT AR SEUERERS TR B R RREH R 1.0x10° mol ', AT
PIUHRRARNNEWN, SHEERERERK. PR, PEE. FRKRENED
PR ENB . B SEAPHEE 1.0 <10  mol 1. LR
a0 b, AT ERE W BT, ERAARRBEEIEITHR
B, FmBRRENERAZN, W Tab. 1 B,

LA SN ETRIEARRERN, ERTSE. SEEEHE
THIRRWNER —HELZUN Fig.3 (). BE, BERERASKFEM,
£h BT 55 52 B PR VA S A BRI, SRR I R M N B B Ak, AT R
L RL AR A 1K 3K — IRBR 5 3 RO TR (7 0 P S B B FRLEhHERERT
RTETAEAN AT B RIZHT LA T R0, B FES D~
BEAOB®—B. ZEALBRD, FEPH (pH 7.9) SMERE+, & T 5Hp
BFERHAETEEY, SERENRETME, SMTSREHESRE. fLl, X
FIRNEIRE RS e A RS AIR, mEEEE BT L. WEEHHR
WL B TR BIZ O, AT LU S R AR B O R R SR R R R B BRI 1 5
.

U SRR BRI, BRNRRMNERN Fig 3 (b). BRARN KL
BB FI 8 2 . X—IB BT UURBEAIE IR RER ., FRmR
W, FIERGESESRR, FTLGEEREM, RAMNMEZ M, X— L
OBV R pH AR ST R TR LB TR R RN ERD. W
TR RGERE R . N TRIBFT RN EA S RXSVRE, HEE
ek B PR R IR A AR A RE AR IE e FO S e A B B F AR BT B 45 [21-23]. B
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B MR- P A R R TR SR R A IR TR RS R E B A

AT EALERER, BT MESEATENERE, MBI X —AEREEIE. RE TR
HEE. Bit, FXHELRUMNEFDBRRELSHE BIK-ZERM L
EEIM . FHETRIF R SRR T 5.

Table 1 Current responses of analytes with different diluting agents®

Current (n_x)"
Diluting agents Concentration Hydrochlorothi-
of diluting agents  Clonidine HCI e Rutin
SmM-10mM 2.12 2.24 0.32
Borate- 12.5mM-25mM 1.56 2.20 0.88
dihydrophosphate  25mM-50mM 1.24 2.26 2.82
50mM-100mM 0.76 2.44 3.54
10mM 3.98 4.04 4.64
Hydrochloric acid  20mM 4.44 3.80 528
40mM 3.88 3.92 5.72
10mM 2.06 0.68 0.14
Sodium hydroxide  20mM 1.84 0.48 0.14
40mM 1.28 0.20 0.16
Water - 7.04 0.92 0.12
Methanol :  0s0 1.08 0.08

Formamide - 1.20 2.72 0.26

? Clonidine hydrochloride, hydrochlorothiazide and rutin solutions with a concentration of |
1.0x10” mol-I"" were preparéd with methanol, and then diluted to 1.0x10” mol-I"! with different

diluents respectively.

= H NaOH 1R, thF RIS . FAFTH TR 7E RSP
AR S TR, AEFEBIHARRT R R, FTCABESE NaOH MREERIIE N, HMRATKEN
FFEER B ACES L, T RHRRR. SHP-B ST,
D RERER BTN R AL 5, AT IR 1013,

SHBEVY-FE. PRIRZERBRERR, HERR IR 0 S 8B A 5 i

-—
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BIE FATRK-FIRONPHOBRAHETEERDHER L TH NSO REHR

I K2R HE- B S BERRBREN N —F, A THHAKREEK. tiFe
HAEFNN P ETHIBERKRE, RUFIRBEETNAESBIIHF.

3

PN, N 4 R —
6 8 6 12 14
Migration timefMin.

Figure 3. Electropherograms of clonidine hydrochloride (1), hydrochlorothiazide (2)
and rutin (3) with same concentration of 1.0 x10™ mol-1" diluted with 25 mmolL
"Na;B407- 50 mmol-1! NaH,PO, (), 20 mmol-1”’ hydrochloric acid (b) and water
(¢) respectively under the optimum CE separation conditiéns.

Gl Fig. 3 (o), ZKEHMBHEFIN, SWE-BR BB B EREEN
M, ERERTTARER BRI B R 5 15, MAFRENE T RS MRIE 3 £
M 20 fF. XEFBARMNE— M. BaUKEBRRIN, B0 gk E
ZMTBEBNNERNES. REEZHEHT, BEREATHRLBTRE. &
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£LF EMEDB K- IR B E R R RN T8 M5 R = 5

FEERE T ARENBREA (E—A2h, BMATRE. SEEENS T
S5 0.03 mg, 5.0 mg, 20.0) HIFT L7 [ — vk B IR B Y & 1116 EL e
. |

LR rh R SR IT Tt . EESREAE T, ARRARERARE
FE S T PR R A U B AR . T L, B4R R BT B vk 4
B, BB TR 2R MR RENINTR, SBSBOGERNERERR,
TR T S R

3.4 FEAL 4 b

HHRATHONEREN W2 HEEE PR RE. SEEBENET.
ERAES BN T LUKERBER, LRMBERBTFE. SN T 1k
HIERE AN 1.0 x 107 ~ 1.0 x10™ mol1™”, 5.0 x 107 ~ 1.0 x10“* mol-1I" I 1.0 x
10° ~ 1.0 x10% mol1? . FHZHH 10 ml BEHMBAREHABRESE 100ml £4E
) o

IRk R Fig. 4 Bz, T4 RN tab. 2. FSRHEIMAIERI/E £L 6
WRE. AFBRMETHEES AN 0.03mg/H,49mg/y and 19.6 mg/F, 5
FriRiFESE 0.03 mg/F, Smg/H, 20 mg/ S HHIRERAET 2%, EE AN
K, BMERERENT 4%, WHZFEERERIT,

~ Table 2 Analytical results of Zhen Ju Jiang Ya Pian (n=4)

Component Label claim (mg/tablet) Found amount (mg/tablet) RSD(%)
Clonidine hydrochloride 0.03 0.03 29
Hydrochlorothiazide 5.0 4.9 1.0
Rutin: 20.0 19.6 3.8
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BE  RE A bK- RO 5 B85 RO TS R AR R R A B B E B R

¥

8 3 1o {2 14 15

Migration time/Min
Figure 4. Electropherograms of Zhen Ju Jiang Ya Pian diluted with water under the optimum
CE separation conditions: 1.13x10® mol-I! clonidine hydrochloride (1), 1.65x10™ mol-I"

hydrochlorothiazide (2) and 2.96x10° mol-1” rutin (3).

4 G

ERCTFBAVESH R A RS AN E KR 2 B E ST Pk
i AR AR E . SRBRNE T =MASBREBRHMNKRL, &
R TEERERKEIEF RSN SRR TR, TRET, ST
e BRI, AT DASCEAS IE M . SURRAT RO B F RIS TS MOGH R, thae
RRARTE AR R 51T ERERNE BB BRESR, AT L/EH f e

IR KEF 2004 F BHIRE TSI T 60



oW LAk TR O RO TS R B A Y DR RS 0 B R B

BFiRBGBo . B EFESENREEN, TV — &P A RES
e R, FEBFEmNERE—HER. WESHBEIEA T, RRARE,
HEBEENET =P EAF R TEANTEBHEE LaF (FE458 0.03
mg: 5 mg: 20 mg/F), HERZNEBRBHENER, KEMMNER —KEXKE L
RAMEF H, BRKAFRRRF, AT A B e R AT CAZE [R]— 7K FR bk B B 0 3 fz B
k.

1|
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BEF BB RN R AR s k- 2 B SR K R R A P2 8 Hh AR S

B=F BT XA IR/ BRI FE Bk - Z BRI BH
R EFE B AR5

VK- S B R T DS 3 1 b B R oY

H
l
1

oF

111

LI

£

hws)

P

AR T A HEBHE R # BIK-ZEAN (CZE-AD) Rl &M SR EH &
B 1. LA Fenton REGRARB AR AHE, REBKGEINAR %A
A, BRI UK B R AR A B EEERN2,3- R AR FER(2,3-DHBA)
M25-—BEXFRE (2,5-DHBA) , 1R1E 2,3-DHBA 1 2,5-DHBA E#Hi% i H,
WM EEIEZERENSE. ERELHT, KE® (SAL) | 2,3-DHBA
M 2,5-DHBA A BA7E 15min BRI T 20 BHEN, HEHEEA 1.0 x 107
-1.0x10* mol * L-1, fFPREA 2.0 x 10% mol * L' (S/N=3) . 7EHLERE FRFFT
HASEN R B HENERES . ARERXRELPALBWINAZ Fenton RN
A¥)a, WE8 2,3-DHBA 1 2,5-DHBA IREH/D T, XEXEXIMEZE L
DEWHEER, Bk, ATHEZTEREEAFEPEATNE 8 BENFEREE
X REHGAE RATHEK: TERN: ZHEE

it

1 WS

AAREEBETLUBGHEEL R, BBEMAERENRSEYES T A
TRk B B S IhBE, BBURE. OISR, FI/RFKERFANS TS
[1,2]. EEHEERAGHNE EBRE, HEAETTEHFHMAKTELLRN
AEH R S RARZRG. RAR BHERILFER I BEGRFEELNE
R, BT HERIAT —ERE [3-5].

¥ B R RS T HEAN, W AR A —RE RN TSR IT . R E
HELUREFBWGRIEZE TP, BTHERE. TR, 8-RERMZS/ERERAN,
AT KB (SAL), ZHEWH (DMSO) R —FREBRES/ERHKRM6].
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LR ERERE K/ S K- R R R R R R R R 2 B AR R

Has il 8 mEMHEF BT BRI (ESR) « BT E IR (EPR)
[7.8]. BRRAEGIE (HPLC) 5%4F (UV) /B4% (ED) /g (MS) #AK
BEA[9-13]. SBEBEHEAR (GC-MS) [14,15]. 4LERNZ([16-18]. REHTF
HEHIRE (ESR) AR —MIBFHENEBHENGE, BERAEEFE
FHEE . WHEEILEY, 5, S—ZHE-L— M —N—8iY (DMPO) Fi{E
FeEE AR, LREEER, NFEMEHHNEE, THREER, BT
. BRRAABIERIEERTHNNE B HERTTE, BERKGBRIERER, &
BRI 2RALT=Y) 2, 3—DHBA 12, S—DHBA. BB AE (HPLC) 5
SRR (AD) BRF, R bR S IS . (B B 53 (HPLO)
HFEFEREH RIS, AFEAEEEX. HWERXCENMTEEhEARE
RAHA —Lii, BRRNEMRICEAFTESSEENY. TEMEREF
FRERNMATEE —ERE,

BILLE, HTFEAEHRK (CE) REEERER. HAHED. BER
BN REEFE R, MESMEEREAE ZHHRAANA. EEFHES
B KR B h R KIRIEE /D[19-21]. N. Gokoren 55— k{F FH IR B3 £ 4
BHIK (MECC) —#AMEMIRM E/KHEE. 2, 5-DHBA 1 2, 3-DHBA[22]. Coolen
FHEAERXSREIRUERNEAGBEPHNRZRELTY 2,3-DHBA A
2, 5-DHBA, £&MFEN 107°~10% mol- » L™, #MIPRH 2x107 mol « L1[23].

A BHE B k-LHEvE (CZE-AD) HEBERMTHEAHRE. HKBHBRIA
BlFentonR AR F, C AT LARIRIS B Hi 4 5L ELA B AL 5 1 692, 3-DHBAFT
2, 5-DHBA (Figure 1) [24].

COOH COOH COGCH

OH OH

OH HO

Salicylic acid Hydroxy| radical 2,3-DHBA 2,5-DHBA

Fig.1 Structures of SAL, 2,3-DHBA, 2,5-DHBA and chemical equation of

Fenton reaction.

SIRIMY K 2004 EHFH T #R X 64

OH



B S R kMR 2 k- R AR R il 12 B R

BATRER T B 400 k- A 12, 3-DHBARN2, 5-DHBARI B £ 4. 7ER
HEE&H T, /KB, 2, 3-DHBAFN2, 5-DHBAT] LAZE 1 5Smin A 1§ 355241 B ; 2, 3-DHBA
12, 5-DHBARIZR HETEHE 1.0 107 ~ 1.0 x10* mol-L™!; # R $2x10® mol L,
RFCE-UVA . MANRATRHZERR T ZREEXEE E hERNHEREES.
L EMAEFentonk N4 R A, 2, 3-DHBAFI2, 5-DHBARUE B B T, UiEH
Mo HE B HECKHERR, Fit, sTURAEFERSITARNREAFNR E hE
AR RE ] .

2 LRI

2.1 ((AEE5
FAEFEK-ZHEW HAERS[25, 26]. HEHEIE (£30kv) (LEEF

BHIRET); A REBHE (25uml.D., 360um0.D., 60 cm long, Polymicro. Tech.
Ltd., USA); BAS LC-3D &5+t (Bicanalytical System, West Lafayette, IN,

USA); 1EFAX (Model XWT-204, HE LB KENIBFBAT); CHI6O0 HALZESHTIX
(CH Instruments, USA); EALZERNEBFH=GREER, K IIEBLIR
(D300um), MM HKSH B (SCE) ML THEiE,

2.2 B

BT RRAR ¥ 0 73 A 3877, 2, 3-DHBA 0 2, 5-DHBA 3 B Sigma 4% A 5. H
“IRZVE/KECLH 2, 3-DHBA. 2, 5-DHBA FI/K MRk &K . HIAME T LiEE M
N/ ST |

LIS Z B, BT R VEHER A 0. 45um RN MG IERE T 8, SR /5 4B 75 Smin B S03.

2.3 BRILERBERIHIE
B REI B &S RER(27]. EERZE, BERXEASMHEDKITE, R
JETE IR AR KB EYERR 3nin, DMRIESERRE RIS,
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W R A R S o K-SR TR R LI R R 3 ) eh BRI

——

2. 4 IkRIES&M

EEEBIKERZ A/, B HEEEEERER RN T, H=%5E
MR/ TFH AT IAERRELSEME O, NEEBERMNER. 8Kk
KR EME SR 0.5 mol « L FIZhERER . —IRZEIB/AKM 0.2 mol » L K
FALPIBE W ATELE Snin, A HZMBRBTRERBHE PR BIUARRE N
1E, PAMRIE ST B M.

BRELRAHN: RIEEN0.9V; EMERA 30 mmol » L Na,B,0,-HC1
fE%& (pH 7.4); 4rBEEEEN 165kV; SEEhFEER[E] 65 (FF 15kV B ).

2.5 JIHZHEHERERI

BHAMHKRN —EBrZENK, 4FAREEE. I 1 NZE-2858W
VK PE 2h IR AR, T, KRB 90-100°CHIKPHEEE 6h, EE
=R iIE, RIER A, MPUREEE 150ml A, MATKZERESE. B
OB, FIBTEYH 4: | HEU-RRBRERUREZASEARK. KEA
HTE, BRAPEZEMEMN. AAFEREEILREABIMN L ITLHE.

2.6 KM 5 Fenton KR P45 H AR Z RIK RN

37°C, #E 20 mmol » L™ NaH,PO,—Na,HPO, ZE1h{k & (pH 7. 4) p4K %A 5ml
[ 1.0 mmol = L™ Fe*™. 2.0 mmol » L H0,« 1.0 mmol * L"EDTA. 1.0 mmol » L™ 7K
B (L0, M Fe"BREVINHAEXRESBAKEEFETSEESRLEMA
&7 EDTA), BERN—ANPEE, WEBFERE 50 45, FASINHERITH
B .

3. E&RMiTie

3.1 T &4

BT 2, 3-DHBA, 2, 5-DHBA FKHERI 4> F 454 P BB BALEEH AR A,
BEMS Bk AR R AT A= B . Fig. 2 B7E 0.03 mol « L™ IBEES &
IR P IRE S 4.0X10° mol » L™ 2, 3-DHBA, 2, 5-DHBA /K B HITE AR 22
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60 lllllll|_1._1._I_I.J_JL_I.J..|l.i.J.LJ:I.J.I.I.I.J.J._I.Illllll|l llllrii_l_].;

50

m _3 2 5-DHBA

o ]
g 30 - 2.3-DHBA
" :
E 201
0 f
101
= -

l i II'|!IIIIIITI'TI'|’ IT}FTI'['I'[

000 02 03 04 05 06 07 08 09 10
Potentinl / V

Fig. 2 Cyclic voltammograms of SAL, 2,3-DHBA and 2,5-DHBA with same

concentration of 4.0 X 10”° mol-I” at carbon disk electrode in 0.02 mol-"" borate-HCI

bufter (pH 7.4). Reference electrode: SCE; auxiliary electrode: platinum wire. Scan

rate: 0.1 v/s.

16

14 ¢

12 1 —&— 2, 3-DHBA
—8— 2, 5-DHBA
~k—Salicylic acid

[a—
Lo

Current/nA
oo

4

2

0 = — — ik

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Potential /V

Fig. 3 Hydrodynamic voltammograms of SAL, 2,3-DHBA and 2,5-DHBA with

same concentration of 1.0X 10 mol'l! in CZE under different detection voltages
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BB BYE X R B pk/MR BT S A k- R A MIBC R A HLE Bl R R B AT

from O to +1.0 V. Other conditions as the optimum.

Zl. 2,3-DHBA, 2, 5-DHBA BB KR RN AT EAL - AI4E 0. 41V A1 0. 51V, (EZ S
ShInEI B T 0. 78V B, KBMRHI RN ELE Do Fig. 3 B =M 71
MEREE, B-THEOVE LOVHREBER, =fothdoBdEHE S
Pk BRI N .. w] LA B = M) i Y BRI A S B A RS B G 7
Ko ATIRIE 2, 3-DHBA, 2, 5-DHBA FI/KZER M) & R BUE LA R ERAERE %L, K
I3 0. 9 A ARl ra I .

3.2 BAE BRI HEEH

HF 2,3-DHBA A1 2,5-DHBA R R4RHAAENTTH EHBLIA HEEH
(pKai 2 500 =2. 94, PKuicosomy=2. 98), 7£ CE P EAITRILAFLLRI BHIKME, FHi
FEFRHEREBREEMBERPAESE. BEEEWPEREBRT, EX 2, 3-DHBA
HERURERD, TRENMPBEREEYINTEERANBEEER (Fig. 1),
M 2, 5-DHBA AREXANRMN. FrUAZEE4E Bk UITIRD A 2 rh s #E mT LLsEH
2, 3-DHBA A1 2, 5-DHBA HI5E £ 4B . HT/K%E S FEL DHBA 49 F/b— AR E,
A EARB EAIA R AR LSS R R 20 8. ZHBEAREN T EEE —EHNE
M9, HEHERBWERINE, BRREE, TBNEZEK. L, BERER
ZHBREEETRADTIEMREAEMREE. FLKHNFKE 30mol « L™ 5
PEAR M ER . |

COOH COOH COOH
OH N o
2 4+ HBO, -~ B N + 2H,0
OH 0/ o

Fig. 4 Chemical reaction between 2,3-DHBA and boric acid.

pHEREZEWSBNEREERNE. NE B pH HM 4.0 3] 11.0, =K
2R 4B 5 P, pH{EZE 4.0 2] 6.0 ZJa], 2, 3-DHBA. 2, 5-DHBA ff)HLIFIWE SR 4
B, £T.0F9.02ZH, =MYHERELNSE, BRME pH EREMNEAITH
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BT RGN kR B s - S MR R LB 4B ) e B 5

LGN N PR R RS (B BB K. kP, % pH (AN 7. 4. % pH {E HEH
REFPMA—E B EEE T,

18 r

16 |
—&— 2, 5-DHBA
——SAL

14 r —&— 2. 3-DHBA

12

10

Migration time/min

4 5 6 7 8 9 10 11
pH value

Fig. 5 Effect of buffer pH value on migration time of 2,5-DHBA, SAL and 2,3-DHBA

ENEBEEN 10-22kV MHEER, TLAREME BKK D BN EEES
R IR BN, AT S B B 1A B R 4 3 A AR R B B S e AR A
(LR 4055 B P FE T, A KR A B, S 02 90 A TR B K
MG EHR ERRAR, AL PIERE 15KV EHSBHRE,

SEO SR BN R . 7E 4s B 125 2 18] 088 3 B 1) Sl 4 i B0 4 B S 2 1)
. KRR LBHRTRER, AN, 843N R8T 10s, &
WY RSHBRERE. B, SEREFEFFER RN 65,

EIREFKMET, MHRAWKE (1.0X10°mol » L) #9 2, 3-DHBA, 2, 5-DHBA A
K BRIR R B Bk B Fig. 6()BTR: 1 2,5-DHBA; 2 SAL: 3
2,3-DHBA.
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AT ERERFRRENSEAk- 2B ARRENER A EOTT

Migration time/min

Fig. 6 Electropherograms of standard SAL, 2,3-DHBA and 2,5-DHBA with same
concentration of 1.0X 10° mol-1” (a), products of Fenton reaction (b), and products of
Fenton reaction when 1.0 mg/ml angelica polysaccharide was present (c)

under the optimum conditions of CZE-ED.

3.3 ZHWHE. ERHEABNE .

EREFRHT T —RIKREM 1.0x10° mol » L™ 2] 5.0x10™ mol » L™
2,3-DHBA, 2, 5-DHBA FI/KHERIRAENS W, SR M Tab. 1. =444 4804k 1t
REM 1.0x107 F 1. 0x10™" mol « L™, RN 2. 0x10° mol « L™ (S/N=3). LI
TEREHZERRBER. Tab. 2 RHRKE (1.0x10° mol » L) RYRHEE
WA R A T ERERSE 6 WIS KT i 8] Rl e e p AR X e BOATHE (R 22 . A
(7 RSD #B/h T 2%, HEBAMIE A AN RIFENS.

I
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Table 1 Regression equation and detection limit®

Analyte Regression Equation  Linear Range R’ Detection Limit
I(nA); C(mol-1") (mol-T™) (mol-1™)

2,3-DHBA  [=3.12x10°C+0.08 1.0 x 10" ~1.0x10™ 0.9989 2.0 x 10°

2,5-DHBA  1=3.42x10°C+0.06  1.0x 10" ~1.0x10" 0.9975 2.0 % 10°

SAL 1=3.10x10°C+0.10 1.0 x 107 ~1.0x10™ 09988  20x10"

" Detection limit was estimated according to three times of signal-noise.

Table 2  Precision of the present method (n=6)*

Migration time (Min) Peak height (nA)
Analyte
Average RSD (%) Average RSD (%)
2,5-DHBA 9.24 0.8 3.48 0.9
SAL 10.36 1.0 3.20 1.5
2,3-DHBA 11.78 1.0 3.21 1.2

*The concentrations of all the two analytes were 5.0 X 10 mol-I"..

3.4 SHBRXR EH HEMFREE S

R SEI 4 75, 7E Fenton AR T AL IS, Fig. 6(b) & Fenton
RRMGRERBHE BIKE, Fig. 6 (c) BHEMA L. 0mgml™ HIFL S Fenton
RNRGREMEBKE. thi Fig. 6 (b) f1 (c), BB 2, 5-DHBA F1 2, 3-DHBA
FIRAEERARSEINT . B, YHSHENIREHENNERE ST LIRE
Fenton R M AA RSP LLEE 2, 5-DHBA F01 2, 3-DHBA #4955 4] £ 570 A R R 0\ S [ D
HI2 U SRR R N 2 5ok v . S &5 B 4 Tab. 3 FioR.

Table 3 Free hydroxyl radical scavenging ratio of angelica polysaccharide

ASP concentration (mg/ml) 0.2 0.4 0.6 0.8 1.0
OH:- scavenging percentage (%) 13.6 24.2 32.1 38.4 44.9

%
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BSE B R/ S k- T R e B 2 OB 5T

4 i

SELG 3 AR B Bk - ik (CZE-AD) B —FhfEi B R B BRI B &
BRI A BHERK-ZH% (CZE-AD) #/k4%E8. 2, 3-DHBA F1 2, 5-DHBA
HIBESAFRAMBE 0. 9V, ZHE#E 30 mmol « L7 A NaB,0,—HC1 (PH7. 4), 4}
B & 16kV. EEIFHFERE 65 (15kV). ERESMGT, KiHE. 2, 3-DHBA #1
2,5-DHBA RETE 15min WSLEEESE, &MHEHERS 1.0 X107 ~ 1.0 X10"
mol « L™, RAFBAR 2X 107 mol « L7, Muhb, Z AR THFF LA AT
HERTEREED . LSRR, BHAEBRK-LHEE (CZE-AD) FiEERNIE
HHEENSE B HEFRANERE D AHES — BT HE.
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BR BANE O E R/ S e K- R A U R B R B R e BT A

FHTHW  BHERNFEBIK-ZERAE
F IR E 5 HERH KPR

WE

EBHERKE PR BEEA, EEHTHEER D, HIREGENR S
FERTHIGEHEE. SERXKETHAERXNFER —MNRERERBEN L., &
SRKBBIREE B HERN=Y-23- “REXFRIEASINE, T T E2HE
W R K — 2R ERIEE & ERPEH p-FEXEFRA 23- "B
KPR T EMER, SITREENESHEETR. TR TR FHRMAME. 278
BH. EXFRETHREXRSHEWKRE. pH. #HEFRFSN BERHOEN. £
ERNFERKEFNH T, 23-TREXFRARBERT TIE 20 &, HARREZ
10° mol/le LM R BI/RIZAET R T IAERANEHN 2 E HE.

REE: REHE: BHAEBRNSEBE)K: ZERH,
1 S

EIEMN-+FE, EHERKATEEIENER. EAEWRAEHE. &
SAMFE/ . AR BB AT RIS T I AE ) T R . RS
KE—MEMXNTETFER, JLETEUER AT HPLC TR E B ITE. #
‘T CE Wt EL HPLC (k1B %, H UV WIS B AE, Il LM HER
R 3% i R BUE EE HPLC (iR (1],

- {B2 CE KB MF A R P R -3 BUR R A S HE 3K TR CE R BUE IR B
TH2-5]. ZAHEEH, RBESKEERIEZETLUARILIEIN—B A1,
AL, MR T AR HE G ERME T IRETERW R, LR
P. Bocek, S. Terabe S R AW FTEMIF T — LBy SE kA0SR [6-12] . BERT4E
EHEKAEEYVERZER—REAEAN, BB TYTH TR SR
RIEBRN G FHERNE RN EREER. RSP EERNRKIBEE
EIHRTEAETHEREBRRBR FRVTSHEMBER L), REEARRE

+h
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B=F ERERXFRKRENEERK-ZRRNBKARLRRUEEE BENTA

W, FEEBRANE MY REMIRE (BRI EKEBE /N THER
fE-F, RABR/RIEHEBET. BUEERE, #RTETRESE THBIKT
BB RAE- T ERERERNAERES B EEERSASNIE, §
AMERASFIABI RS BETN. BKTBEEANET, A2RA, 28K
RIZERN, BKITBEERH R, ETFEN, FREE2ZIUSH T EM A
FIFEEEEHE RS, ERFEREIK. RN SHEBIKE RSB R %
A, ETAFEHEIOH18, 14]. KA 115, 16] FUESHT(17, 18], Bk
FHOGA[19]. T BIGIE(20]. XG4 [21]1%. HARSIMESEF TN REE
BAK, BIKEERBERENEEaNEEN. MBS ERSTYXKBEE M
RAE O 8, BIMPITESARRER. Fl. 440, BOLESRE. 8k
KB IFE B BR . SRE B R RBEMBERAEFEER, KEAD SH%E ik
BHAETEWUTH, ERATRILESMNBEREES. AAERERRTR/ES
BT B EER RSN 45 B = A NE LR EKEE, B
Ap#irettme&oath. BEREERRE, RBMNAW, HikFERE D
Kaniansky # At &1 [22] ,

ANHKGREBEEZGHERNTY 2.3-Z“REXFERED TR
EMERN EHBK—ZBRWENREIT &4 EWFE AN ERYHEAD
EFHTEIER, CBKERELEKGE, KB UBREARTRRES
B AE K 2, 3-DHBA F1 2, 5-DHBA (LI 1) [23]. B2 2, 5-DHBA AT LU Pyso B8
ek, BTELRE 2,3-DHBA #EfEAR B hEN AR Y [24] . HPLC—ED AT LA
2, 3-DHBA 1E 3 EVtRic BRI B MAEV AN B BE(25-27]. TR YA TR
WA AR RF2E B BER, SR HE Y CE—AD SN AR BRI R B,

AELB IR p-FEEFRY 23-“REXFBRNN FHEER, BITEME
BAEFRBR, MRTHSHEMBR. BITENBR, XEEFHEXSEINK
K. PH. #HNEIEN EH TR SERK-LERNARE, EMiTieT 5%
Hk-ZIERNN—SEERE. ARERMSEEERKEHT, 23-22EXHB
I RBUEIERRE T 20 15, BWNRED 10° mol/l. LH4EE BRi% A H T
ERATEAEANE B BE.
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L BEE FAERERNENEELR-SERNBARLAENEE S BETR -

COOH COOH - COOH ~ COOH COOHY 2+
OH OH O\ / O
(bi /é/ Eﬁ / g
OoH HO ] O o P
CH3
2 3-DHBA 2 5-DHBA p-MBA Complex from 2,5-DHBA and Borate

Fig.1 Structures of 2. 3-DHBA, 2, 5-DHBA, p—MBA and Complex from 2, 5-DHBA and Borate

2 LB HE 4y

2.1 %38

EQS k- RI B AL A% (28,29]. BERIE (£30kv) (FEETF
RIS AREHE(@S5unl.D., 360um0.D., 75 cm long, Polymicro. Tech.
Ltd., USA); CH-2 BHE BikLFRI T (PRI BAZNEET ) 2%
{¢ (Model XWT-204, FE LEAENIEAF]): CHIE6E0 %M&‘%ﬁﬁ&(w
Instruments, USA); BRI EFTH=BZER, BITEBEK (2300 m),
WHFH RS BEEK (SCE) Mextaik,

2.2 BAFEEL |
BT R0 447 . 2, 3-DHBA #0 2, 5-DHBA Wy | Sigma {LE¥ AT . p-
FEXPE. KRN EDTAME LBRABB O AR . 1.0x10°mol I #)
2, 3-DHBA #1 2, 5-DHBA M & H — R B BK#E, LRNHETHEFBIITK
B, 0.1molI' M p-FEXFENH pFEXEFREZEMNTNEER.
LB 2 B, BT A WA 0. 45um RAEEIRIL 28, RS omin RES 1.

2.3 BEX B

2.3.1 Bk T/EREIFIE
W AR I Z S B R (30]) . EFRIZA0, IERFER B SHPDRMLE

FEMNERITE, BEBAEZRKPHEE Imin HERE.
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BT BT XM/ SE K- AR R RN ER 8 BEATR

2.3.2 HykEREL&H |

EEMEERER A, WENBEREEERBR ENENAS, =gy
MAAFHRBATRTEBRRERE SEME OXTHE, ATRIERHES. B—RE
WATBHE A 0.5 mol/1 FIEhERVA. —IRFETEKA 0. 2 mol/1 HIE S LB
WAL dnin, REAZMPERAKEIISHE PRBRIETIRE NI, U
RIEFEZBREI .

ZRE—TBHEXTWHRIKNOLE ik, NEBETREMS . BIiEE R
0. 7V; ZRMPHFIA 12. 5 mmol 1"'Na,B407-25 mmol I'! NaH,;PO,; 432 6 JE 3% 15KV,
AU #4940 mmol " p-FRE X FRRH (pH 9.8); ATSW B FERT 1] 30s; M4
5 BBl RERT ) 2 30 s,

3. &RMT

3.1 WRHBALEE SHERNER

E—REBAEXH R —ZHRMEAT, 2, 3-DHBA I 2, 5-DHBA Be ks
£ BHERRE AR b= AR KR B . 7] 2 DHBA M RBUE R 2x 108
mol/L, HIFHRESHERAPEEH# SRR, |

WRIBFEBIKFIEA R, 2, 3-DHBA 1 2, 5-DHBA BEM BT S BB R L RIS S
AR T HE, BN ENTEBREENEFSUTELN: > 2.5-DHBA U5 3-DHBA
>Or. BENTRIEMA, WEEHN LA T FESLLIEFE, BT 2, 3-DHBA 1
2,5-DHBA HUMHNLFE M2 B BE BB, B2 RIS ES. FiLl, HTR&AW
2, 3-DHBA X—EY)% BArAIE BR R RIS, LT Mg SUTE
R: 8 spuBa>U>0s23.00a >0 2548, L USRI HRALZIEREM.

FROABIBRELRINNEREENS) TEBI. B TETRNER,
MR NOURE R R REATRE MR, FHSENH T EMFERE B aE RS
RO W\RITER, WREH S/ ERERANEEBSIERERSS
MR EMLREERAN, S4B AT EH2R,

BT p-HEXEFRILEWE 2, 3-DHBA #iE, EEB I 2, 3-DHBA A1
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BB BE R R/ S k- R BB R R SR E

2,5-DHBA ZZ [&], R&=Xt 2, 3-DHBA P=AEHEE4EF, BEMAERKRLBRTHIENFTS
AR L. Rl R 0.7V I, p-FBEEE HREER R LA WA Bk, X6
TR HIFFER. FAWME L BEEHE BLEEN, BT LIKRETEL,
RERWNESSERA T EREE 4B 5 TR TR EREN p-FREE
R =% 2, 5-DHBA S O E RIS L,

MR 12.5 mmol 1'Na,B407-25 mmol 1! NaH,PO, K8 =& ) F
2, 3-DHBA, FRUALWAZMHBREN T.

1]

3.2 HIF AR R IR

HELR A, L KVRERXIER L2 mWE 2, 3-DHBA 1 R4 74 B R j]
W 2 PR, BEMICY 12. 5 mmol 1'NayB40;-25 mmol 1" NaH,PO, i BIRE AR
RET, WREHN L HIKE, 2, 3-DHBA BN R AN B2, 4 L (ke

1342 nA

0.4 nA [

/m/ ////_/ / :”////.L/
= AR
N7 / ) /

19 21 23 25 31
Migration time / min

Fig. 2 Effects of L concentration on current response and migration time
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SRR B DA R IR/ I S T O DK - S S Y BB A R L (R B S ¥2 B e B AR 3R

45 mmol I {EFE A, 2, 3-DHBA BIWRY B 37 tHIR B 10~20 f&. ATE, ML

I EIL &, 2,3-DHBA N ERNESSHERE. £/M8 L RETBEN,
2, 5-DHBA mMWH R A FER L BRI X ESE/, BRI L EE K ERE
EfH. BT UREHERTBEMNKENEKESEN. AN L BREXKET

DHBA,

KA MOEH R AR L DHBA K.

L FREX BT S E K — N AR B, HE 2 AT EE R
LIRS ARENEHIEL.
1 — 2P S5 R I 2, 3-DHBA f v Eﬁmﬂﬂ%‘ﬁ?ﬁ%}ﬂwﬁ: L Fz 4T # B

WELL.

= L FIRETE 50~90 mmol/l i, BITHERIMREE NG, 2, 3-DHBA Wify &

/R LR N

3.3 BT MR pH HIZH

AAEBREFRAHT, LERRNBETKE, ORISR TEH 75 ~ 122 BE
M L #) pH {EX} 2, 3-DHBA MM IR R . LR RIAE pH h 7.5~105 i, XK

FUEFIEHRNER. ERY pH KT 11 FERRARTH. LRk
pH 4 9.8, XM p-FEEFBAEIEMMNEERRNEBFIN.

3.4 L BEEERTA) i) B

RIS ARV AERT 8] 15 s ~ 120 s REFFHEERT AR M. S RET L 1R

BfIa] /= E A9 ¥ 2, 3-DHBA TN . XM L MRERTENERHEE. £
LR A 30s Y620 L RyBEEERT[A] |

3.5 RIREILIFY KB
A THSTEDERTERERS, FERASNERERN SEEKTIEY

HE. FAEHYRIERTELPR S ERR, FURLRRTENSIRENE

. B

3 &I 2, 3-DHBA WALV HE S BEE EAL K INTIM K. B— 1 HE

72 2, 3-DHBA R & B 5] FE A |AL AR B M- 42 B B 97254k, 2, 3-DHBA B4
B TE) B E A PIRE R I TI BWEE . A THREERASHRER, —FF

B, BREFTENTT, BAMINKECSERRT. B—FK
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REF BAE X BIk/BRAT EE K- R MR & LR E 3 5 s R R

VRRAEFRAE ST HT I INAA LIRS AL DI I B . 54T 410 B R 4 i
b, BUOKARE—F%E, HZEEEITHRPMA 0. 15 mol/1 NaCl.

\\\g

22 24 26

Migration time / min

Fig. 3 Effect of NaCl concentration on current response and migration time

3.6 HHEMFHEW
SERTFRBHFRFR L AR RZ TR, B IFRFEEE, 2, 3-DHBA
A1 2, 5-DHBA M Wi SEH LA F.

3.7 LRMTEEMAE R

EREFMB TN T —REFIREM 1.0x10° mol-L B 5.0x10° mol 'L fkrsk
2, 3-DHBA ¥, [M[HJTFER I (nA) =5.72x107 C (mol/1)+0.001 (R3*=0.9885) h#k
WEM 1.0x107 F] 5.0x10°mol-L”, B#UPRH 1.0x10° mol-L™ (S/N=3). Li_LEF|
MGRER, A—BRHBAETXHEEIKME, sz 2, 3-DHBA #9 R SR
T 20 5. TEAERI&HTESNE 1.0x10° molL'2, 3-DHBA 6 ¥k, {5 S5m A&
W F KA TR HE IR ZE ST B R 3.0% F0 8.0%, IXELERESIRIF A3 BRI AW & F
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N  B=F RHEXW RN S ER K- RN LR AR EEE BN

ERT BT EINE.

4 G

AN HKGBRHRE B HENTH2,3-“BREHBREASTNSR, 197
EHE RN FE R —ZBRANENETE &4, EXERAY, B THWENES
LRI RIRER &, PO IR T B EIRTERT, 75 A O PR B R0 0 S 0 2 4
BH . AU AR A B RS K TR — A AN E, TS SH
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A3 Uk A B R A TAERR, AWK B B4 8- 2580 (MECC-AD)
FIRf B MR T & RPAEVEMRR ARG ASEER, ek, Bk, o8B0
MER. IEMNAERE., T, ENEEF. 78RN RELEGR: &
0.03 mol'L" + = x5 ER %4 (SDS) f0.02mol L Fi 8 4 (NayB4O,) ~ Z 4k 4
(NaOH)ZE 8 (PH 10.35) fE R IB AT Pl 4B EE R 20kV; Wl sE47 4
+0. 80V (Vs. SCE) . ZEMRALEMHT, AR, BE. AEBIREBBIRAN S,
E=THEZGEN, BEREFUDERTFHKMERER, BRI (S/N=3)1L3)
1.0x10" mol-L"' . MEBILH A A T LR KENIE, MWELEROAEE,

1mh

AEE: BORHEFBATRK: RFRIE; £YEEE: 2%

1 3l

EVEEEAEREAREERPHLEERNER, ERORERYFH
TEIHE, £8B—LAUPBERIER, FlakE. Bo. Wid. BILE.
B RAE. OEF. B, BRE SR MLBEMAME S RIS HERN FE
RRLL]. EWEREERT TLEN. EYWRNEEDEIEEHBFRREEIh 4
MRS, CRETTHEERNMEYRS. —BEAYEHELR, REEE
R R K R aE AR RN . EH, TR S92 in Tt 52 B B3R A i
R EEVEMERAIREREREEN. ATRUASAFERENEH,
N ENE R ARG AR AR ETREXR. ERME, BELERY /T
SEM L5 R 7 i R R | R ol e R B AR e AR W vs R R LT R B RS

HTHGERNRRPEEEREAN T EEFRIE 2] . hinSHEER:
[5], BFRBEEE 6] MBI GRS HPLC) [7~9]. Tk, £HEH
HIEVEA—FrR BB T BRI BEFR, S BN T &8+ [10~13],
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UV, LIF, MSE ¥ {EANAFERNEAFTBKE—EFER. UVERAERRE R,
182 H AR Kk Blppmd ; LIFRMEAEE KRB, EESZHHHHEHE G
R/ BESR A0 WSHASBRRSER. BiFERAVERTRETSRE
F. MBEE. BERMBTERNNARNNRTEHATHRAEYE, FEESRE
R Yk EBCH . TSR AR 40 B K- A M 5 SR o B AR A v M AR B
&

EILCE RS T RBKRES)EME B ahfail-2 i Mk R R B E K
W HE P R A DS R AT AR E B %, TEMECCH, SDSHIIARE
BRAEHRBEEBRNSEE. F10°%~ 10 mol L WRETEERA, XAMSTHHE
MEFREHRFR. E=FiREREXNEOLT, BMoHhPREHRESKRE
10"mol-L”, WRT ERYHNIEEMNTFIT RPN EYNSHR R AE A%
RWESERE. ZfF T EERIINE T REN SRR THEENS R, &£
RBRIPZEE AT, &, FEEYEEE AR A KR E R A8
.

Fll

—

2 SRS

2.1 {¢ 2§

B EAE k- RN E[15]. BESRE 0 -30 kV (LB EFEEHA
B7). 7ECHIG30M AL RS b #E AT FN R R4 H(CH Instruments, USA). FiAIA
FEPE R T H70 cmX25 um X360 um (Polymicro Technologies, Phoenix, AZ,
USA), ZEAE/NERERUBMEGRE, UENEATNEDE, PLHE.
BN EHAERAEERAEE TEIEEAN, A TLRE—RIFFX, 44
13T, =ERP#EDIHT.

FRARIEE BN BB, SCES HABREEHZRA300umiS & S HIER5R H
H TYEBRRARL.

BRI EIME: FHERA00umBIEHEEREE, BEEECH—H
HEE-BEBENHLZ L, FRFEMRY, BRI FLEAE—REAEK NS~
7cm, H2A10~2mm) b, F#—IREERE, KEZ10cm, 5 ARL4H0 Inm,
MRERHEL —mI I AKBRE, HFEREHEHEELZ03 cmi. BEHLESBE
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WS RmEG, FRATFEREA[16].

2.2 EFAAHE AL B

%, BRI BSigmad), BERBABERM HEE 2 R4, #H
FE SRR T AT AR T (20026 H1H). HERFIY A4, ¢
B K A IR Z&TEK

AR I REE IR RTK S, MRS AL, HARHERE RBERF— K, =%
M EBRRE 2 FTHWRE . ZMEE ApH 10.35/0.02mol/INa,B40,-NaOHIR
B, EEMEEPIARIEMEAISDS, WA 40.03 mol/l,

KB LB ITR PRI/ SEREMB S E&RHE. TEEBIHENS
TIEIE0.22um)it 38, EAERSSEER.

23 LRI

FE 4B 7L {F FH 5 55 FH 0.5mol/INaOH#E 3 10min, #& /5 F0.05mol/INaOH ¥t
10min, B&J5AHBITERMEBEE10min. BRSKHFEE, EH0.05mol/INaOHFHE
TR A EAT4min, RIERFIREN BB, SBNEERHN: FBEHE
20kV, §0.03momsnsEﬁa.ozmolleagB407~NaOH%:~1]s‘ﬁ(pH 10.35), o a4r
0.80V(vs.SCE). SLEBEH22CEA.

3 GR5ITI

3.1 TAEsARF T4 Bir K% FF

EMECC—AD 7 iET, TEBRRMNEFEEEREER. £FRLRT,
Ay REA T R AR R AR A AR THERR, SREREMERIKELGT,
B 1B £ FE AR X DY FP 4 23 A R O S LL B FRAR SE AT . BRI, BRI TR B B £
%o TAEE R,
AW TIMES T ORBERREE. NEIPTTUEH, £ AMeH
10.35 Na;B4O7~ NaOHZE i)+, 0.00~1.00VEAIGE NG HRRE., 2985
MR T T RMEE D, WRIA0.59, 041, 0.45, F0.58 VHHEHHIE
B, BERZ. AEBRNEERIIMERE, MY T/AERMETO0.59VH, Mihis

—

F
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Fig. 1. The cyclic voltammograms of the four analytes at carbon disk electrode in 0.02
mol/] borate-NaOH buffer (pH 10.35). Reference electrode: SCE; auxiliary electrode:

platinum wire. (a): blank solution; (b-¢): 5.0 X 10™* mol/l tryptophan, tyrosine,

tyramine and tryptamine, respectively. Scan rate: 0.1 v/s.
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HALEW T WA rilR s h2REE (B2). SRERERE, X4H
f2hF600mVET, EEMAEBAREEAEME, LEAMART600mVE, Mh11HE
L AR ) R 0 i ) e P U B LA IR KT 3 K. (E B M AT K TFo00mVET, &
BN GR F A SBE . B, EFE00mVATIERA, MNHAREERAE
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Fig. 2. The hydrodynamic voltammograms obtained from the experiment for tryptophan,

tyrosine, tyramine, and tryptamine. The CE conditions were the optimum.
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ZHRTBEATE. FILEAELLE P %EHENa,B0~NaOHE MK & .

MEIFIEATR R ORI, TR 44T 0 5015 B ] 43 35 5 pHAE I 48 e
WERERIRARR, X2 FAHR M 15 8 B g T A58 K F7E B+
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Fig. 3. Effect of running buffer pH on migration time. The concentration of analytes is 1.0 X

10™* mol-L™. Other conditions were the same as the optimum.
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Fig. 4. Effect of running buffer concentration on migration time. The concentration of

analytes is 1.0 X 10 mol-L". Other conditions were the same as the optimum.
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MY (pH 10358817
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Fig. 5. Effect of SDS concentration on migration time. The concentration of analytes is 1.0X

10™ mol-L™. Other conditions were the same as the optimum.
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Fig. 6. Electropherograms of a mixture of the four standard analytes. (a) tryptophan; (b) tyrosine;

(c) tyramine; (d) tryptamine with same concentration of 1.0X 10™ mol-L™, The conditions were

the same as the optimum.
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$11.0x10* mol- L' B% . BRAY . BEBRERMEER PTHESIK, MBI
T % B 6] B A8 5 A7 HE AR 22 (RSD) /D T 2% B i 5 I B A X4 37 HE I 2 (RSD)Y /DT
3%. ETEBELREAMNT, BIMTEMECC-ADFEEREE B F—RFIKE

RO DR -t AT T e, HeiEva .
HA, X[

hFiH ., ZE10°~ 10 mol- L ¥k L

BFGEE. EARS. mHRERI

MR RR. RE

=M ERETTE, B3R TR R A0 mol LB 4 .

Table 1 The regression equation and dection limits®

Regression equation Correlation Detection limit
Compounds Linear range (mol-L™")

Y(nA); C(mol-L™) coefficient (mol-L")
Tryptophan Y =0. 15+ 1.05X 10°C  R=0.9996 1.0X10°-1.0%x 107 1.5X 107
Tyrosine Y =0.04 +6.82X10°C  R=0.9995 2.0X10°-1.0Xx 107 2.1%X107
Tyramine Y=0.06+1.00X10°C  R=0.9998 1.0X10°-1.0% 107 1.8%107
Tryptamine Y =0.10+7.04 X 10°C R=0.9995 2.0X10%-1.0X 107 2.3%107

*"MECC-AD conditions as the optimum.
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Fig. 7. Electropherograms of the rice spirit sample. (a) tryptophan (b) tyrosine (¢) tyramine. The

conditions were the same as the optimum.

Table 2  Assay results for the four analytes in rice spirit sample

Sample amount = Added amount RSD{(%)
Compounds Found amount (ug) Recovery
(ug:ml™) (ne) (n=3)
Tryptophan 49.1 204 71.2 108.3 1.5
Tyrosine 08.7 20.1 120.2 107.0 3.1
Tyramine 58.6 20.0 80.1 107.5 2.3
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FIS minA 2D S, HFHENE. ERERRRETRLE. RE=FRRERE
W, BRI TREIRE H RAI0 mol L. EABEENATXRBENOHH
REITL AHENER. Biit, ZTEFERATRARBRZEU REYRETE
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ARG AR E BAR (2], BAEMARE T2 H ST A SREEEAS
WEMENE X —FRENRE3]. BERIEETRESET LA AR &
MR B BRI AR TEBE (4],

HTFHMSHRLERFRMEROASTYR, GARS5BEARK. 68
REAM— B TFRYFLESE—E, FHEOFREE R R ER. BT, &
REFEHTHTFHTEETHTRAN, MBHEHRS]. MEGM6]). BK
FEEM G 7], oM AR (8], (9], SATGIE [ 10] R AORA i [11]
%, BR, FRAEPHEEGEERIRE RN S SR, By
B E R R B T e B s B AT
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FRE EATEK-LHERHENEPHRBSENERDIR

EAERXETESBRER. HmiEED. S n R ERXNERE
MR ABIRE RS SR AvE, R 5 RER TRIENRRE. oF
¥, BHEHRKBATREFENRREZENNE. BAZHENDENRE KT
BRACET P AT ATR L B LB HEAT K AR, BrDART LU BB vk (12, 13] 84T
SlKER E PP R MRAN S BRI E A K.

HEl, %50 BOLERVOLERMB L SEHE BB . BABEESTF
®AEREER, Fril H RS RIS B S FRE A BHE Rk B
WFRET, VAFITEIEOERTRAEETE4]. BE, HBIETERN A
i, HTRERUEMTHEEERETUEFBERRE SR ERROHEELE
W, ATBARARCA LR . T H, BFRENREELENE. Ll BHE
K- AL R DT N A TR R R R B B A [16-17].

A 3CH B4 BRI A XY 2 19 2 8 R0 R 2B S K AR S G B AR 0
HATT BRI, KRERERY, MASEHEEE. AH. #1855, MiH
B, RZSHE. REAER, HEREEA1.0:13.6 : 15.0 : 8.7 : 21.3 : 3.7,
WARZ SR IL0E. HEME. i OsHER, HABE/RNY 1.0 ¢ 4.98 : 1.1,
STEG PR BN A B RO FE 4> B2 98. 3% M1 97. 6%, A EEEYOE. (NEB LR
fEME. REERS. EIMETHEL S,

2. SCLSERA

2. 1 {282

ST AR KRR ARS8, 19]. BEHE(£30 kv,
BEFELR: ABOGEENE (25um 1.D., 360um 0.D., 50 cm long, [t
KEMELT); BASLC-3D ﬁﬁ%#ﬁﬂu%& (Bioanalytical System, West Lafayette,
IN, USA) . iC3K{X (Model XWT-204, L¥#g K4E{3%) ). CHI 630 4T {EiL

(CHT Instruments, USA). ZHBRER: AR 100um AR TEEIE, #
il kSELER (SCE), HLITHEk.

2. 2 TAE BRI hl &%
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SEE BREERK-THRWLEETARERHOLRSR

ISR 77V (20 ) B & e ik . EHTAT, B IRCRESE A DA FH
SR ITE, KA UK A 3min FEiERE.

2. 3 AR5

PR AR e, 2@, FIE. B8E. e, REE. F
A EEEEARN AT . B&EBIREAN 1.0X107 mol » L7, sEREA KR
FEBCRER TR E . FASPMERW 5 LEEA AR P . BHEHEKHE

FERY, BTEWWA 0.45un BRGELIE, 85 5 nin BRESHE.

2.4 FEah b B

HARE - ERBT L AMERRG K, SAHRERD 11 H28-284E
Bk B 2 h BREAR. REEMEKPR 3 K, §K 6h. FIBKIER
SHEHIKLERETR, BO00BIEY, A 4:1 BREESITRALEE
REEOR, KETREREIARNEE. B —PHAEEGENRR LR
BEITRAENEHE.

FREL 0. bg LibZ 88, ZE¥KET. BSHEFTH 2.0mol « L MFERFD 5. 0
mol « L WERIBR S WEIR 2.5 ho T3, BRI ASEKERBHABRS
W BIZIBAWER 250 ol ENGEEE, AREEBKOTHBERE 50 .

2.5 BHEBRKEER

LI RT, B = BARG R K RECH BRI NILA, DO =R RLAY
WEREFESEAERH OSHERTE.

BHEEWRKA 1.0 mol » L"HYEERREHW. “WK, 1.0 mol « L™ HS LS
EHHEYE 3 min, REHBITHREEEZRRIEE BT ERK BB,

3. SZRHTI

3. 1 TAE iR A B BB A7 )L FE
HFRERERER LTRSS EA, Bri B ik-—2 8 K
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HAE EHERIK-ZHERENE P HRE BRI

BEIRAREH RIBE R EY . ER, TR K4 THEEL S YT LR LRI
HBCKRIFRRIRINL . DRI, AR SE56 P 38 A 4 s AR A TAE R

e

" —p—base

| ~— fucose

| =y palactase
| —»—glucose

- —¥—rhamnose
—®—-arabinose
I ——f—xylose

o]

—

Current/nA
F'.'.‘-" 3
o B < N e~ 5 R %= I =l » IR 7. TNl T - SR L - R o |

.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Potential/V

=

Fig. 1 Hydrodynamic voltammograms of six standard monosaccharides (4.0 X 10
mol I'') in CE under different detection voltages from +0.2 to +0.8V. Other conditions

as the optimum.

Fig. 1 RIREAN 4.0X10° mol I H3EHF. F I, HEE. K38, Mg
B KAEEAFRBET BN RAERZEMHDVs). HETLUEY, BEER
MR Ar R I8, R BRERNE S . ATRIFEHNRBEENEREL, &
SCEE IR AL 0.60 V 4E R A .

3.2 EEHFHIERF

ERAG T, RV REEH A BT, B TARKES FERRRMF KL,
ERAEHFENNEXKIBELA—F, BEESEEAERXPLRIE. &
AL, RASEAABRERNEITHR. Fig. 2 RERLERAGHERELN
B, B8W. FIW. WEE. WielE. BEE. KEERRFRRE NaOH 347
WPHIEBH B, LRERRE, BT/AFMEEE NaOH BB AT ALINE
MEND TR, BN BE S NaOH 3K X RIR A . 29 NaOH 3R BEET 0. 040
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28
—&@— fucose

26 i ——galactose
—k—glucose

n4 +~ =—dE=rhamnose
—XK=—arabinose
—&®— xylose

22

20

Migration time/min

.16 |
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14
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120

Fig. 2 Effects of NaOH concentrations on migration time. All conditions were the optimum

except Cnaon changed from 20 mmol I'! to 100 mmoi 1.

mol « L, ¥F.

- (.050 mol « L" 2 [A]AY, 2

IR A (SR IVA: S:ib g

58, MNaOHYREFZE0. 040 mol » L™
CHBEHEASNERENERS TS, MUNaOHRE

zgo. 060 mol » L -0.070mol » L™ Z (A1}, FUfriafifn R TR EgoES,
LNaOHM E | T0. 080 mol » LK, BMREELINT L4 B{H AT B 6 fEENaOH
WEKENMEK. S8R EEREERAEW, E£$£0. 080 mol « L™ NaOH

ARESTERE .

Fig. 3T XD H,

'k.:ﬁ =

16-18 kVEY, AFREENTERL. 308

FEMCT10kVES, AFARERTKH xS, E, BREMMME EREN BB

KK, SoEE,
REi. HBTHEAE

REBMEET KEREER, HE58, REH, oY ERESSES.
&% BT n B M4 B ED
7£25 min A ETE.

LA

FREH, REKNTIBNEEESE, WNBEREEORNT
L& T16 kV i, REIBNEAF20nin, BERTEHREF

£

., EFI2KV FERTHESE
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29 F

27 I

20 T

23 t

Migration time/min
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—@—fucose
——zalactose
—a—glucose
—¥—rrhamnose
—¥-—arabinose
i@ xvlose

17
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14 16 18 20

Separation voltage/kV

Fig. 3 Effects of separation voltage changed from 6 to 18 kV on migration time. Other

conditions as the optimum:.

EREABREFMN, E4sB16sABZR BT, KI LGB FAE
5sB12s N BRI}, MEHRFIANIEMN. B, WmRAER BT 12sH, Sl
HIREHEEE. EALRFERESENHRERE, ALBABREE.

LR BERMR: BEHEE 12 kV. NaOHiz4TH0RE X 0. 080 mol « L™, #
FERtE A8 s . MWHER0.60V, Fig. 4 (a) AEBEFUETAHEBNE

415 HL Ik - R A0 S ) O R vk

3.3 &k, EBRHARNE

EEESHT Tt T —RIKEML 0¢10° mol « L"F| 5.0x10™ mol « L]
FANFERE RSB, S RW Table 157R. SNHEARENEMTEEHS. 0x10°-
2.0x10™ mol « L™, #MIBRIE10° mol « L™ (S/N=3), XXM ZFEAERENR
HE. Table 2 HZER—%&MT, 4.0x10°mol « L'HIRE R EH H 6B EIT
A B 18] Fg B I ) AR X AR E R ZE (RSD) » AT B IR AR HER =88/ F 4%, 1XFHH

ARG IR ED .
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Table 1

Regression equation and detection limit®

Regression Equation ) Linear Range Detection Limit

Analyte R
I(nA); C(molL™) (molL™) (molL™)
Fucose [=5.78x10°C+0.11 0.9995 5x 10 ~2x10™ 6.2 x 107
Galactose 1=4.15x10°C+0.07 0.9983 5x10" ~2x10™ 9.2% 107
Glucose 1=4.85x10°C+0.06 0.9979 5x10° ~2x10™ 7.4 x 107
Rhamnose 1=2.63x10"C+0.09 0.9991 5% 10° ~2x10™ 14 x 10°
Arabinose 1=2.80x10°C+0.08 0.9985 5x10° ~2x10" 12 % 10°
Xylose 1=2.88x10'C-0.02 0.9992 5% 107 ~2x10™ 1.2 x 10°

* Detection limit was estimated according to three times of signal-noise ratio.

g 5
a b 2 3
|
n.-ws[ 3 0.411&[ R
5: 49 B i *.
¢
3 § j i
18 200 22 24 26 18 20 22 24 26 20 22 24 26
Migration time / min

Fig. 4 Electropherograms of the six standard monosaccharides (a), hydrolyzed
monosaccharides from angelica sinensis polysaccharides (b) and hydrolyzed monosaccharides
from tlax polysaccharides (c) under the optimum conditions of CE-ED. 1 Fucose, 2 Galactose,

3 Glucose, 4 Rhamnose, 5 Arabinose, 6 Xylose.
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Table 2

Precision of the present method (n=6)"

Migration Time (Min) Peak Height (nA)
Analvte
Average RSD{(%) Average RSD(%)

Fucose 19.0 0.83 2.42 1.59
Galactose 21.1 0.56 1.73 2.09

Glucose 22.0 0.6% 2.01 2.32
Rhamnose 22.6 1.06 1.14 2,98
Arabinose 23.2 0.98 1.20 3.65

Xylose 25.1 1.60 1.13 3.89

* The concentrations of all the four monosaccharides were 4.0 X 10°° molL™".

3. 4 FERAHT

GG ARS T DR RN RSB REHR. EBERGT, Bixy
BT SRS EMILRE B RERIKErY), 8 kB Fig. 4 (b,c). W&
REZPZETERE. LI, A8, ek, R, KBEBEREXS
1.0 : 13.6 : 15.0 : 8.7 : 21.3 : 3.7, URREE LI, HEE. Mg
PHIEE/RLER 1.0 4.98 @ 1.1, HaIER 2.4 WESBHTRA, B3Y4H%L
AL RR 2 HE RIS 451 98. 3% 1 97. 6%, it E &R Table 3.

L=

Table 3

Contents and mole ratio of LLPS hydrolyzates (n=4)

Mole ratio

Component '
angelica sinensis polysaccharides flax polysaccharides
Fucose 1.0 -
Galactose 13.6 1.0
Glucose 15.0 4.98
Rhamnose 8.7 ==
Arabinose 21.3 i1

Xylose 3.7 _—

KBZAWERMEZBEYIYMAASHIRERRE, FHESHEER 5 0x10°
mol « L™, 34T 4 IR[EIMC LSS . 45 B 4n Table 4, 75 F BB RE S B 3 3% 94% - 102%,
IR B R Z Va2 58 R HER 0T 4T /Y.
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Table 4
Recoveries of four monosacchz_i_r_i_des in sample analysis (n=4)
Component Added amount(molL’)  Found amount(molL') Recovery(%) RSD(%)
Fucose 5.0x10° 5.0x10~ 100.0 2.1
Galactose 5.0x107 4.8x107° 06.0 2.9
Glucose 5.0x10° 4.9x10° 98.0 3.1
Rhamnose 5.0x107 4.8x107 96.0 2 8
Arabinose 5.0x10° 4.7x10°° 94.0 3.2
Xylose 5.0x107° 4.7x107 4.0 3.4
4 giip

LR ERRAHEMNERK-RERNNENEFARSEN LR SRR
RE. REER. BRI A. 5BOLERRARENEREERTEMEEY
EEEHFRD, (HE R, BREMNHRNALS . SRIEH LB H S B,
~HLBE . EAEE. FRAEE. R, A¥REREEX 1.0:13.6:15.0:8.7:
21.3: 3.7, ERRESEFT I, HEE. M AEENERID 1.0:4.98: 1.1,
ZAEWRTTHTREEEYDBERSIR, A5, ERMAGSHBRA TR S5
RGP ARI A HRERANEERTR.
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BAE KA 5 TR B k- (L R oY

BAE  MRFKEE DS TFHEAT
M E HIK-HAL R BT R

BE

BN EME BIK-BALFRIN T, USBRER AR ER, 88T
e A P A YE D FHRENFIB B E L GSH) . R (LA, BEM (Try)
AR Cys) HBRELRMH. EREERELGT, F4H4IWEHEELT
1. 0x10™-5. 0x107'molL™ P, KEMIFRTE 10°molL " $EH . ZEEEEHE R,
REERBEEFNA, MR ROIREE THENEER,

XA EAT BHERK. BAERN; #aR

1 5|5

BT B B S B R AR R AR BRI, AR,
FRR T — N EBREL RS, ARSI EGRERR S S,
WA, TR, KA FRRURRE S S,
R A P R R AL TUR A, SR EZOR A 2 SREN TR A EE
&N, [1] _

MNER BB NS FREAFSERTMLER (Vo). 2B CSH . R
(VA). BB (Try) ¥ PEEEE Cys) S, BN T EE T aYEI L, H
B JUBN S T FER R AR A A= 30N R 447 2 )
B SO 2 - 4/ B AL SR B 3 0, Eob L 2R I L S I R B
REFE. [2-4]

W+ JUER, BREEKETRAE S ENER. AR R, (LSRASR
BTTAEVF S TR P I B . (5-7] AL o A 2R I R
B RBERE BB RS AR~ EE N B Bk [8-9]
2SR B k- R, LSRR R A, R TR AL
K GSH. UA. Try 1 Cys MIBMERM. ZEEESVIEER. RESSSSH

Il
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BAT bk ID FREM NN EAE SRR

o TSR RAIEABRE THENER.

2 SER R4

2.1 X355

BTARKBHE BIk-RERM RS0, 11]; 45 EXKMRBLEESR
B (W& 25um, #}MZ 360um, Polymicro Technologies, USA): CH-2 HZ47
BHKEAERNY (BRITWEAS, LHRBRSHIER T ); CHI630 Bih 22504
{ (CH Instruments, USA) : BiERE (0-30KV, ER2E R E TR -
EREFPETFN (ERRENR): ZmBES: HRN 1200 n HEE
HEE, WAHRSE SN2 B Big.

GSH. UA. Try # Cys Aorth B4R, BWE @R H oL
GiP

1.0X 10" molL"GSH. Try I Cys brvEfE &3 — WK EBRE, 1.0 X
10" molL™ VA FR MR E B ME & TRCHI. SFMEBBTFIKENRELEH, SR
FEBETEMBRBERBERE. 0.5 moll MR 0.5 moll™ BEEE —SUEVAL % W
P = KK R
FAu RGNS A o trdl. KEAAKE )X,

EBHEGRBE . BBER. LB ENRE B AESRYARA
ML aERR (0. 22um) T8, HEBBEE RS URBEEH.

2. 2 4[5 48 e A% B $hil 4
o [ A e AR 4 FRSCER T VA4 [12]) o 4R IR 75 R AR TR IR A L R4 1) B S RS
4%, B ERTE, REH - REMKESER FHSEE.

ol

2.3 LR HE
KB ETR TREEAR . St B i BY sB AR 2 B B SE 1T sh AR v P A R B iy B
L, REES =R SE R SRR DR TR iR SRR,
EREEMCHATE 0.2-1. 0 molL"'NaOH WK BEHR, LR I mkve ik

ERIPH K 2004 EHiEE 200 107



B kS T M A - SR T

EEARRRHECRSERH®FE. BRERIIE, SR 0.2 molL "NaOH ¥l
P 10 min, REAZMABREFRTEARRIEES BERF, UREBERE
) VB I o

STHIRESEN: TBEBEE 15 kV, 25mmoll'NaB.0:~ 50mollL ™ NaH,PO, (pH
7.9) ZMEBRAIBITI, EAEF 30 s, WRHEA 0.5 V,

2.4 FEhibl%&

SefE 2ml FrEE M AL DA 0. 01g 2R EDTA UABH 1L Hp RE R Y st &8
ETEA, REMA 0. 1g BE/KBER (SSA), BHIES S5min, BMFEEARRT
EUIHE. SEEL 5 nin, MOBREEFHE, MAZMBREZR 1015, Lk
FREEEFIEL.

3 R

3.1 RELERI&MRFIEEE

EEEMNTEG T, CSHHEER (B Cys M Try) ELBERLER
KFRIMARE, T UA ZEBREER L EREFR AR, EEEEAN Au. Pt &BHR
ERNAR. ERLES, RIGEEFARE AL, RERERFHENREM=F4H
G/, ESEIR T FKBE D T FHRENFTKFENAE. B 1 REREEHER
KT B &M T, GSH. UA. Try fl Cys MiiBREE. WFATLLEH, #£0.3-0.7
VEAEEAR, AFESNERRARTARER. 2 TRERTFIRNRSE,
LWk 0.5 V AR BT,

F

r-lll

3.2 BHEHRK S ERERER

3.2.1 B W R RE R

B EE, SERPIXENRE-HR _SEFRABITENE, UHFESE
B TREKNTE. BT UA EBREEGTHRLERE, BMATRIRERRES
B . 2% F L 25mmoll ! NayB4O; — 50mmolL NaH,PO, 4 Sk, T H pH

—
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—— Try
2.5 1 ——(Cys
—k— GSH

—d

Current response / nA

0.1 0.2 0.3 D. 4 0.5 0.6 0.7 (.8
Potential / V

Fig. 1 Hydrodynamic voltammograms of four standard analytes (1.0X 10”°molL™" ) in CE

under different detection potentials from +0.1 to +0.8V. Other conditions as the optimum,

EM 7.0 £ 10.0, NTIHRITIEITH pH EXNEMERIKDBHER. TRERE
B, pH{EIEHHER, Try MmN ERIEFIEHSES, HiE S4BT
A, EETH pH ENAE, A5 FEEERMANER, &4H9F 8 E
FIEEMER, NTTERITESE, ERRHNLESNEK. S8XRsEER
 REERER, RS 25mmolL 'Na;B,0;- S0mmolL™ NaH,PO, £ i A &
KipH (7.9), EHBERHT, BRMENEK, SV RIS, WA S%
EHIE.
3.2.2 RrPERORERNIER

£ Na;B,O; F1 NaHPOL IRE L (1:2) RIEFEATHFERT, MDBEIKNZEE
TTEMBBRE .. TRERERH, REE/E, 4 E6E, B9 ESRERE,
PEEEITRMBIRERNE A, RBREERE, SBrREE, SBEELX, =
RN AN, R EEAERE. S5ER0EE. BRREMSEHE, &
I117E L5 % 25mmolL 'Na;B405- 50mmolL"! NaH,PO, HiEFTLE K.
3.2.3 TR BEERERE

Tt B EE R LA & 4 o R BT, DR B, ST LA B R
RIS s . 2. BRI EBRERR, BRAEARKETR, EERMEZ L,
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FEOIBUETR. GrEFR LAER, 4EEEHN 5KV HEEREE.
3.2.4 FEFERY R IEFE

LW PFIRFEENHETN, HEREN 20cm. EHOEMAEET, K3
AFFETEIA 108 3 120s, RILLBFERTBEIY 30 s B, MM K. R
ik FEH FERT IR 28 30 s,

grLpTid, LRMBRRFHER: 2FHEE 15KV, 25mmolL NayB,05-
50mmolL"' NaH,PO, (pH 7.9) EM¥Em HIEITH, EHHEFE30s (B 20cm),
R RBAL 0.5 V. B 2 ATENAH T BBIR IR B SR el ik &,

LRTMERFRGHRETA, N7ZERKE S HIFEA B B m g,
Cys #1 GSH KW RN, XATRER B TAMBE LM T Cys K4 —BH GSH
RS RE R .

—

it
iy
.
o

Mipration time # niin

Fig. 2 Electropherograms of the four standard analytes under the optimum conditions of CE-AD. 1 Try

(1x10* molL™"), 2 Cys(1x10" molL™"), 3 GSH(1x10™ molL""), 4 UA(2x10™* molL"").

33 &l BRNBNERY
BN — RIS & A S RS R ST, BRIIURE S
G, SMTCEMRNE. SERE 1.

S
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Table 1 Regression equation and detection limit®

Analyte  Regression Equation I(nA); C{molL") R Linear Range (molL')  Detection Limit (molL™")
Try 1=5.52x10°C+0.02 0.9990  5.0x10°~5.0x10 2.0x10°¢
Cys 1=4.60%10*C+0.01 0.9995 5.0x10°~5.0x10™ 2.0x10°
GSH  [=8.52x10*C+0.04 0.9998  2.0x10°~5.0x10 1.0x10°
UA I=1.81x10*C+0.02 0.9988 1.0x107°~5.0x10" 5.0x10°

* Detection limit was estimated according to three times of signal-noise ratio.

3.4 FMME0E X B

PR E T LA, LR FEMEHEE, EREEHE Rik-Hih 228
FETHTNRA, SOHELFITHEZIR, B MK EZHDY>TFREANNS
B EA: Try (7.2~10.4) x10” (molL™"). Cys(3.8~5.6)x10”° , GSH(6.9~12.3)x10* .
UA(1.4~3.3)x10*. FRGHTEW R LR, &A45MERELE 91-97%. B 3 HH
F— M EAE Bk E.

9 13 37 31

Migration titne 7 miity

Fig. 3 Electropherograms of one of plasma samples under the optimum conditions of CE-AD. 1 Try, 2 Cys, 3

GSH, 4 UA.
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A H GSH. UA. Try M Cys M- FREWLF, BEFEHSHTEER. REE
SIS A, EHARENRISEEE — 8RN ENE.
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