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Coordination interaction capillary electrophoresis detection of
arginine and proline in radix isatidis and its injection
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Chongqing University, Chongqing 400030, P. R. China)

Abstract: The separation of primary amino acids in Radix Isatidis and its injection is performed by

coordination interaction capillary electrophoresis with non-derivative direct UV detection. This study

investigates the effect of concentration of Cu®" and acidity of electrophoretic running buffer, separation

voltage, injection time and the internal diameter of the capillary on separation and detection. Under the

optimal operation condition, the two amino acids are qualitatively and quantitatively analyzed and its liner

range, detection limit and reproducibility are investigated respectively. The results show that the content of

arginine is 0. 63 mmol/L and the content of proline is 25. 7 mmol/L in the Radix Isatidis Injection. Under

the same condition, the components of Radix Isatidis extracts are separated by the presented method. The

mass fraction of arginine is 0. 027 and the mass fraction of proline is 0. 054.
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TR PR A | R ) R 0 BT v XA
=N )7 VRS DN A v ST <l v e R 1)

GIL IR S M B AR v R R R S B R R
TR A, HAFE M H ik (Capillary Electrophoresis.,
CEYHEEA PR LA i FH 2 /0 L i 380 A S AR W e 5 P A 55
Fral i sl rre Y. B R ZBE R A
05 T A TGS MR S S R
TR CE iy 28 Sk T 75 2 O 4 110 58 A0 1 iR,
B A AN T B A BB AT A O A 5
SN B R SO A A T . BRI AT AR e R
KAy WASH] TR RERE 1 3R A5 . H ET XA
Az A S R 1) ARG D AT 4 Sy A I A [ A .
Fe R 7 =X Al A Y R R R
W 2y 15 e BT PR 52 e BOHE 1 AT S s R 2
PG I, p T o AR e e A T R R
SAHE TR 1 ] 422 W e A TS DL K T B2 Ak 2F KOG
T S T B R AN X AT RR G B AT A T
SR ASFI R W) o W) 55 43 B RE 0. T A DU Y s 1 A
JE BERE AR SR AH 1 TR B Bt TS BB L%

TC 057 7 B 0 38 B TR AR B 1 HL 45 52 b i B K
TR EARNNORETRES S &8 T AL
B0 1) BCALAE T DT 7 A WA 52 A0 I Y L - BR O
o AT A A 2 TR 1 L 5 5 A W SO T A T RE
n Cu®" i f K5 AP U I 7E 230 nm 4k 5 K [6] Y
AR R TG ¥ kA 18~24 nm WYZLH
AR Co® JE Y Ak & P TE254 nm /e
A7 E A T B WS 3 R L g 3T S A B R
Wt R E e W H KT 10" L/ (mol » cm) , REFE 15
RHEMES THATE =P, B 228 ol o A —
FEWRE ) Ca® R G A 6 48 45 L Uk (Coordination
Interaction Capillary Electrophoresis, CICE) J5 317,
ALREHE T2 I IL AR & b 25 21 00 /9 70 85 HLRE B8 A
HEATAT A B4R A D 2 R IR O HR N & 05 B T &
FEIR) 52 P A R = 2 WU 0 L R AR

B LA 3 52 2% 0 A R b ) S B R A A Ok
5] o JH 4 5 A W AT ARG N 757 X0 Al i AR T S U B Al
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I 220 R E AT o 2 A I I X Ie v A G AT AR A B
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1.1 AE LKA

415 B 40 i Tk R S8 (AL A e AT e R
0~30 kV.190~900 nm UV/Vis 43 Y606 ¥ &
Gif PMT #8900 &%) 5 8040 R 4 A AL B . HW-2003 £
T AR (R o T3 3 A BR A DD 5 R U 20 il A1
e A0 G b 7K AR BT 3% e A PR A R . B Al
BN R 50.0.75. 0 pm, SR 65,0 cm, A
KA 57.0 cm,

B R S VAL R R 24 oM 4 AT R e
254 BR 2 w)D AR AR CEE B T A 1R K 24 5D« LG
IR (L-Arg) . L-ili &R (L-Pro) (4l F K F 99.5%,
oo & = AW R A R A2 R T8 K B2 4
(AR, H AL 2ZER ) L S0 80 FH /K o8 —IRZEI K .
H At 350 34 5 43 B 4
| B

MR R B IOV A T A% : AR AR K R 0.5 g, i
400 LKW 40 mL A #2330 min, 3 U8, I8
R TEARLL 409 21 3 WUk A IE T W .
40X ZWEE 2 2 100 mL ZFEIRH B 10 mL 3%
T HZEBK B ERZE 10 mLfFH.

IV HL VK TS %60 100 mmol/L NaOH # ¥ o
YEB AN 10 min, FHAZEMW /K Wk 5 min, BAEH
FH 50 mmol/L CuSO, 7K ¥ W V- £ 30 min, >R H]
BRBR ot 5 2l 07 26 JF A J7 20 ERE B B2 17,0 em GHFAE
HEEZ) R 0. 025 em/s), K I 4 3% & 4 254 nm,
T RHERE T T2 sl 0P 8 2~ 3 min, BB 1T 3 Wk
— YRR R A 28 v AR PR S AT i L. B
AL FEIR (25 C) . iBIFA R CuSO, WK E
W, I A B S R (H A SR pH fH.
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BITE M BipH=3; BAENARS0 pm; FEEFRE
17.0 cm, PERERTIE]20 s; 43ESHLE20.0 kV

B 1 Cot R E x4 B B AN 6%k

M LA B L B Cu® ¥ BE A4 KL 4
RCRAT BRI e 1 e 50 B i 1 ) —
BHG B Cu™ W B 50 H RO s 2
D L 5T PR AE AR B BN LB Cu® VR B 1 3
R B AVE A F 8 5k 5 20 43 ) %) i 2 S 6 KL s e
H 8 £ 5 24 e Ak SR A G, FE8s i Cu® ' v B
ANRE AR L IG KA 4y 0] (Y 0 B2 25 5, Ll F B 7ol
WA oy B A TN B 0Bk L B v

HFAHRRS Cu* A RME AP TE 254 nm 4b
(28 S L Cu®™ B WS  JC 457 4 FH A4 2 B o f:
SO R I R AR, W 1 AT LLE I, Co® K
B RRTET L BT A e BE Bl Cu® ok B K T 4 K BIF
ARG I 30 RS 2 BRI 3 = . 4 Cu® " MR i, i
PLATE 38 B A 0 G P e B S 085 o [ B S I

M) 1 R A D e A X B AR . O T 4% 4 BE g
PHENVA RO B SR B R I R AR L R G
#e i o 30 mmol/L,

2.1.2 BMENER

TEE QA K 3B 1T A TR BE 1 4 A 5 e )
BB LI K/ TR WA 43 B R0 . JR R AE Cu®
FEAE R Cu® YR B8R & 7K i A2 B Cu (OHD, i 1]
BLIEXFIER T Cu(dD R RE RS . i B, if
ATREMT H CuCOHD, PLUE 3 B i kAR R AN E .
FEXFEME Cu™ VRN, 3 2 il CE is 47 /v i
ORI . X HLURH HAC KT BRI, %28 [H] pH
(B %A T 6 4 5 0G0 ) 52

WFo & B, B A HAc BB, pH {5 T %,
W H B (A 2) . X AT RESE T Cu® K i 2 B
il 4 R B B0, T A RE 35, B 04 5 H 3

B Cu®" JKfif & & 56 &30 1 5 . 1 3 K HAc iy
L IERCH AR R A L2 i F EOF (3
TV /IS o HL KB () RE K, A% 4 Gy G S i R I A
IYEERE R ML R H R . A A 5
Co " WA —E B AL TE R B A 9 b Co® 1
Wk b HAC W B35 K, Cu® — Ac FiL & ik
JIE B KL A B U AR L, S/NCfF R O FRAIG.
FE AL 43 B R R BT R R RE AR HAC 19 &
it DMRIEZ AT A A R K B, DL R
5 S, Ak #2817 4 i pH {4 R 3. 26,
NS TR (S I T /A 7R TR 7/ I Wi < o - A
[a] & 35. 40 min,

pH

3.8 3.6 34 3.2 3.0 2.8
. T T T 20
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% H

BT 30 mmol/L Cu?*~H,0;
FEHENRS0 pm; FEFEFEE 17.0 cm;
HERERFRI20 55 4389 L FE20.0 kV

B2 EAANR pHALA B B 60

2.1.3 EATHEME K

B AT L HE R 43 B B FE R 1 B RAE A I ] 4
Jr AR R . EHHEET 15.0~28.0 kV LT
Bl PR il B 43 B A 9 0 . SE B 4 SR R W, H R AE
15.0~22.0 kV, FLjii—H i LR MR BEE Bk
P3G I, FEROE . MEER T 22,0 kV B i TR
B R A R N ol o o S S T S A
T B £ PR IRl o3 8 B R R, Ak IERE 22. 0 KV 4E
R
2.1.4 AR E R

RO ZEHERE . fEfE SRR 17.0 em T
g T UERERTIAL N 5~50 s 1 ERE B X4 B A I 11y
SO G5 LR B B A R R I R] 0 A K L 04 R [R] 4
S R N W v R R TR AR S 1 A AL T LA R 2
AN, Y PEREI ] M I 40 s B 06 g R 04 T AR R 0
R T R DX R W kT B B i R AR ™ L )
B RERR /N o AT RE A H TR R A K T R SR A5 A
SrEIESIIE. BRI S B RUR
HEFEETR] S 40 s,
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NS AN 75.0 pm F1 50,0 pm 1) E 4l
X CICE fszm . 45 R KW, RHMNAA 75,0 pm
(4 6 A8 I R OB R ALK, R B By . (H R,
B TR AN AR B K B 40 A i 4 o O\ ) 3 R
WAL R A ROEEAE /N S 4b  FE i B iR s
T 7 A 1 B AN 5 BIOK S B A A O T
S [ EE s T QR A R BTV o B = o
BT M. MR AMAR R 50,0 pm (B 418 I, B
SR AR 5 5N AR N m P BRI | A ROE A

BER s HOHCHRTE AR K B8 B B, i L) BB 6 15 31
U)o B RIOCR
2.2 EMRSHAALSEMNZE
2.2.1 2HRBAEBRGTEHH

A3 BB — R F W BN 0. 05~31. 25 mmol/L
ARG 20 R FH I 2 R AR VA TR (n=5) . FEAR AL LUK 2%
PET o DA R g T AR RN o 8 A N7 ARl 2 A5 B
PR 5 B8 L 2 52 PR Y T LA 0 BRI R o 0 v 0
A X R HER 22 (n=5) BI/NTF 3%, %58 B A
giRnFE 1,

A1 2HBEBRGTESHER
KA/ oAl R A
SR AR y=axto? MR AL
= (mmol « L™ /(mmol « L™1) W2z (n=5)/%
WEmR  y=27.3X10'2—13.7 0.999 4 0.60~15.0 5.0X10 " 1.6
IfEm  y=17.7X10°2+0.625 0.999 7 0.43~27.0 3.0X10" 2.4

D)y e 43 5 AR e e A0 0 PR o J3E 5 2) A I BRUAE S (5 W LU A 3 I o0 A S R VAR L

BARIZ TR IX 2 Fh IR — kg 2R I
PR BRI B 7E 1077 mol/ L #9802 . BT ik 2 (46
I RGP SR AN 5 B, AR R 5 AL 2E K
(10 °~10 " mol/L) F ¥ % F F 2¢ ot & W
(107" mol/LFEL = H AR A L, ZZBEAIAR K. 3 Biax
o 22 BR ) B LA 2 A 5 T, — 2 S A R Oy =X R
TPCRE A SR R R e s R 5 R R B ST 1Y B 4 A AL AR A
Ko HERL1077 mol/L sk K I R L 38 2 RE 48 5
5 HP LA U AR A7 A= Ak 22 R 1Y) 2 BRE A LE AL
2.2.2 MEMREHRZRF ZHALERYTHARLZ

5 Hr

TELAL 250 T s BIGs 47 28 vl iy 30 mmol/L
CuSO, KIHEW . pH=3. 26, S B JE 22 kV, {i Z ik
FE 40 s, BYIE N 50. 0 pm K PE K 254 nm. #
WA AR SRR T R KT TR D L 3 K R R I R 1Y
SYESIE R=14. 8. M4 CICE 4 5Bl AT J1, g 3k 3%
B 3 22 A 54 AN A 53 D RS A
N.O 2= 5 F A 5 9, 21 25 1 7 55 41 45 W)
Cu*" MECAIRE IA 6. RAWARE . 7E 1 mL Mz
MR S 43 3 A 20 mmol /L 1)K 22 R F1 il 22
B2 200 pL, XoF BUHTFE LUK 3 18] B 16 3 rh g i 2
MAB AR W 10 NIHERR . THAA AR S &N
25.7 mmol/L, &R & &=~ 0. 63 mmol/L, 4
SITE 5 AMRES A 20 mmol/L {1 & 5 B2 b e &

HEAT AR [0 Yie 28 52 56, SF- 3 [0 i 28 43 ) R A R
100. 3% . i %@ 98. 7%,

B3, g 10 858, N T H 8% 0 4l i, I
i 2 FR A5 ME T MR 20 mmol/ L, 7EAH R A B UK 25 F
133 R B 3 A 10 — 2, AT RE S B T A
PR A B P S5 5 | 1 P YK AT R T I O AN S i e
LA,

-690 |
-692|
-694
-696 |
-698 |
-700 |
-702} 1
-704 |
-706 |
-708
0

W J57 /o V
IS

10 12 14 16 18 20 22 24

t/min
BITZE P30 mmol/L Cu**-H,0; pH=3.26;
BYEHNRS0 wm; FHFEREE 17.0 cm; SEFERTE]40 55
SEHE22.0 kV

2 4 6 8

B3 wmEREN RS ESE R KER

R AR P Jm Me® 7E AT [R] A9 WL Uk 2% 4 R X
B AR S YR AT B AN vk e s LI 4 ARG
ARTE S8 P AR 22 20 50 R 9 23 5 T 5 9 HLJG 3 K ) 3]
BOA MR 25 . 53 R AR 4 s Me™' 1
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AR TR ) HL K A5 PR T X8 2 o G BE IR B4 B i TR 5 T R
AT O A 3 06, A O Mg® " 5 M AR T A
R IEIR A SRR . X — SR AT SR 2
A Cu B AE 9 Bk A . 2 F 2 i A fiE
ME @& e Ll T X 2 fd kRS
Cu®" I BCALAE A RE I AT

-623
-624
-625
o —626
E
2 -627
T 628
-629
-630
e — .
6 9 12 15 18 21 24 27 30 33 36 39
t/min
BT W30 mmol/L Mg?* —H,0; pH = 3.26;
FHAENRS0 pm; HFERE 17.0 cm; JERERTA]40 55
S ESHLE22.0 kV
B 4 MgCl, 7= & AE A 4 ik at o AR 5 AR
EH R EmE S RIER
2.2.3 BMEMRRBRS T 2HRIEARGTHRZTE

5 M

FEAATRI A LKA R L RIS 1792 #hii 30 mmol/ L
CuSO, KA - pH=3. 26, /35 22 kV, i 2 #EkE
40 s, BHGFNAE 50. 0 pm, B PE K 254 nm, X AR
MR HEAT 20 M7, IF R N B 6 . 78 1 mL AR AR
PRI 43 S A 20 mmol/ L f4 ks 2 R I 2 R
2% 200 pL, XoF LR JE LUK & 5 2 1] 5 R i 2 o
K2R L 0 11 I 2R . A 20 1R A 20 R 1) 0 15
R=10.25, +HMAK AR & &K 0. 76 mmol/L,
[ 2 R 1 % &0 2. 39 mmol/L. WIFE 0.5 g Hx #5 4R
MAREAEREAIR 0.013 g. MR M T8N
0.027; & A MHEMR 0. 027 g, WM& B h
0.054, Zr7lHE 5 FE & HHim A 20 mmol/L iy 2 5
FR R ity o FEAT N [ T 38 523, SF- 247 [l g 246 43 33l oy
KR 98. 1% &R 98. 4% ., HEMRM &&# 5 X
BRI AT IR & R . 2 PR
0 - X i A TR 5 SR SEAR R A . 5k 22
S 14 D PR R 22 T 1 R R RE R S B0 T vk AR B A%
1A 365 B A T R A R AR ) AN [ 5 | A 1 Bl
A 208 B B 1 05 | A A H Ok i R T8 AT 1 BT A

g
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2 -624|
&
-626}
-628 : . . - . - . . |
2 4 6 8 10 12 14 16 18 20
t/min
BT W 30 mmol/L Cu>*~H,0; pH = 3.26;
BB NRS0 wm; SRR 17.0 cm ; ERERTR]40 55
SFEHLE22.0 kV
B S MERRRYGLmE b ikiER
3 % 15

A P 45 IR B 7 Cu® " AR R BC Az o0 T, )
LA B 73 52 4% 14 AR A AR T S 980 AR S AR B B A T
CICE 73 #r o X AR RS AR BT &5 119 2 i 3 22 s R TR it
17 E R IME I, AT 2T EBI MR AT A 7]
A RO AT A2 R A T 0. o il T A CICE A,
WEALE B A BEAF R L S Cu® R AR AR
FAFBE i R SRR T RE S Cu® KRR I
PEAE T Cu® " W R 45 BE L A5 BE JO7 5 £ ft 77 0sl 2L
EOF & 2| &R ramifil . Brik A CICE Ay 2
X B A A AT R A DR ] 7T T B R 0 A
. CICE #fR 8t i, 2 — Mk 8. 1E & T
PR BT 2 T A IRAE S 2R A AR T R R R BN
A IWIRER

[1] GIOIA M G, ANDREATTA P, BOSCHETTI S.
Development and validation of a liquid chromatographic
method for the determination of branched-chain amino

forms [ ] .

Pharmaceutical and Biomedical Analysis, 2007, 45(3)

acids in new dosage Journal of
456-464,

[ 2] LADAROLA P, FERRARI F, FUMAGALLI M.
Determination of amino acids by micellar EKC: Recent
advances in method development and novel applications
to different matrices [J]. Electrophoresis, 2008, 29
(1): 224-236.

[ 3] MOSINA A G, MELNIKOV I O, NAZIMOV 1 V,
et al.  Capillary electrophoresis on  unmodified

genetically coded amino acids[J]. Journal of Analytical

Chemistry, 2009, 64(6) . 637-641.

http://gks.cqu.edu.cn



1362 TR K F F IR %32 %
L] Tk, 2155, GEBR AT g L LT, of acidic compounds by anion-selective exhaustive

[6]

[9]

[10]

0,4 ,2004, 22(3):210-215.

DING YONG-SHENG, MOU SHI-FEN. Development
of analytical methods for amino acids and their
applications [ J ]. Chinese Journal of Chromatography,
2004, 22(3):210-215.

ZHANG L Y, SUN M X. Capillary electrophoresis of
phosphorylated amino acids with fluorescence detection[ J].
Journal of Chromatography B,2007, 859(1) ;30-36.

AR T, B . 3RS % R X NBD-CI i A=
SAER 199 ' B ORI R v Uk 2 B B sE e L DL o A Ak
#,2008,36(7):967.

LI ZHI-MING, HE QIAO-HONG, CHEN HENG-
WU. Effect of surfactants on detection and separation
of 4-Cl-7-nitrobenzofurazan derived amino-acids by
chip-based capillary electrophoresis[J]. Chinese Journal
of Analytical Chemistry, 2008,36(7):967.
INNOCENZO G C, MICHELA C. Isocratic ion
chromatographic determination of underivatized amino
acids by electrochemical detection [ J ]. Analytica
Chimica Acta, 2003, 478(2):179-189.

IVANOV A R, NAZIMOV 1 V, LOBAZOV A P,
et al. Direct determination of amino acids and
carbohydrates by high-performance capillary
electrophoresis with refractometric detection [ ] J.
Journal of Chromatography A, 2000, 894 (1/2):
253-257.

A E W A AR e 28, 45 SR R B b Y B 404
VK « (8] 42 48 S0 W e i P s s b i R R RR L) . i
2007, 25(2):193-196.

FU GUO-NI, HE YOU-ZHAO, WANG XIAO-KUI,
et al. Determination of amino acids in tea Samples by
capillary electrophoresis with partition cell and indirect
detection [ J ]. Chinese
Chromatography, 2007, 25(2):193-196.
ZHU LY., TU C H, LEE H K. On-line concentration

ultraviolet Journal of

injection-sweeping-micellar  electrokinetic = chromato
graphy[ J]. Analytical Chemistry, 2002, 74 (22):

5820-5825.

(1] e Bk W i R =, 55 A DB Ik S D RYAURE R

W E S EEL ] WAk, 2008,24(11)
1981-1987.

CHU YAN-QIU, PAN TING-TING., DAI ZHAO-YUN,
et al. Probing non-covalent complexes of glutathione with
D-amino acids by mass spectrometry[J]. Acta Physico-
Chimica Sinica, 2008,24(11):1981-1987.
MRTEWE . EVLTE AR AT, =R 4 G W 1 S Aot
P T e FLRE T = 2% 5 W) 4 B A R B I E L . a3
b2 .1996,24(2) . 175-179.

LIN XIU-LI, ZHU CHEN-FU, ZHOU SHI-FU.
Ultraviolet-spectral properties of copper ( [[ ): Amino
acid complexes and determination of their composition
and stability constants[ J |. Chinese Journal of Analytical
Chemistry,1996,24(2) :175-179.

BRIy BRE A TF = 5. TR BB 404 vk o i
WsEl)]. Sy brfbs:, 2006, 34(9):1219-1222.

WEI WEI-LI, CHEN ZHI-TAO, SHI KAI-YUN,
et al. Novel capillary electrophoresis technique based
on coordination interaction [ J |]. Chinese Journal of

Analytical Chemistry, 2006, 34(9):1219-1222.

(141 T7 2305 A K5 4. A AT A= Ak SO w8 RORUH (3%

I E AR R A AR LT ] 3. 2005, 23 (4):
408-410.

WAN SHAO-HUI, YANG HAO, GENG XIU-MEL
Determination of amino acids in isatis indigotica fort by
reversed-phase high performance liquid chromatography
with pre-column derivatization[ ] ]. Chinese Journal of

Chromatography, 2005, 23(4):408-410.

(H# Rk F)

http://gks.cqu.edu.cn



