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Fig. 1 Mechanism of the CL reaction for PQ and
DQ based on the generation of superoxide anion
radical through the redox cycle
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K2 25m® GL Science #7570 Fa—7%MEHL7:
CL M 2313 Bt BEAF B CLD-10A, /A X2 ) —F—iZ
UNI1 (Union #), FE8EHIT V74 L4 VAV A VY
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(v/v%) B %2 FE 0.2 mL min ' TRE L. 75 L TH
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Fig. 2 Schematic diagram of the HPLC-CL system

P1-3, HPLC pump; S, sample injector (5 pL); G, Zorbax Rx-Sil guard column (12.5X2.1 mm i.d.);
Column, Zorbax Rx-Sil (150 X2.1 mm i.d., 5 pm); UVD, UV detector (290 nm); RC, reaction coil (2.5 m X
0.5 mm i.d.); CLD, CL detector; NC, noise cleaner; R, recorder.
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WETHsb. 22T, YUIHT2EHCTGEG &R
A2 AW EFUHPLC 44T PQ KU DQ (343
T LIRS, ENEN16.0 KU 13.0 5 CLEY—2 %
M3 %2 & T&7 (Fig. 3).
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FVEVBEERSELHNT, PQ KU DQ OE#ER %
B THRIEIRE R JUS 2 4 VR & v o 755 CL KIS
DEWEAL 1T - 72

3-2-1 LI/ —JVIBEDORELE CLHEETHLIVI
J = VIZDWT, 3.0~8.0 mM DHIPH CREOKE 21T -
7z. Fig. 4 (2) IORTEXHIICPQOY—ZHFIZN I/ —
VIRES50mM DL EiRKERY, —HTDQAOY—2
ARIIV I 7 — VIREORIME & IR 2IZHEML T
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Fig. 3 Chromatogram for standard mixture of 0.3
uM PQ and DQ obtained by the proposed HPLC-CL
method
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~8.0 mM D #iPH TR EDKET %2175 72 (Fig. 6). PQ @
Y — 7 Hf& I DTT IREE QBN - THM L T o 7278,
DQ® ¥ — 7 [Hif&IZ DTTIREDZEALIC & 2 BHZ% g B3
LMol —F, PQRUDQ L HIZS/NIIE 4.0 mM
DODIT EH WL ZITRKE L5722 8h 5, DITRE
ELT40mM ZHWBZ EIZLT.

3-2.4 RIEAAMINDORIDEREILL A CLREIE,
PQ & 5\ I DQIEHIIZ IV I ) — VL O DTT I % RN L
otk B EBITHESLHICCLBENEALTWL En
IMEERTY. 22T, WIS TRLEL L CL 2K
MT&E2 XHITIEIAf VEDOR#EILEZIT> 72 (Fig. 7).
a4 VEIZOWT 1.0~5.0 m OHEPETHE 21T- 72
LZh, ¥— MR S/NIEBIZPQIE 2.5 m U Eo
IANVETIFE—EERD, DQIEF25m DL Tk KE
Golz, ZOREDPS, BEERISIAVEIZ25m &L
7-.

3-3 HRER METRRCHERM

W4T T, PQ KU DQ M & W TR %
e L7z, 205, PQIX 0.13~20 uM, DQ 13 0.17~
20 UM OHIF TIREE & CL #EE O B AHBIREL » = 0.998 J
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Fig. 4 Effects of the luminnol concentration on (a)
relative peak area and (b) S/N ratio

The concentrations of PQ, DQ, DTT and NaOH are
2uM, 2 uM, 4.0 mM and 1.2 M, respectively. The
reaction coil length is 2.5 m.
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Fig. 5 Effects of the NaOH concentration on (a)
relative peak area and (b) S/N ratio

The concentrations of PQ, DQ, DTT and luminol are
2 uM, 2 uM, 4.0 mM and 5.0 mM, respectively. The
reaction coil length is 2.5 m.

O r=0.993 O BLIfF 2 EHRERIE LN, ZoE &, PQ
KO DQ OO EMIFRIEZNZN y=61.7x10°x
+1.83%x10° K U y=46.6x10°x+1.4X10° TdH - 7z [y &
¥ — 7 1iif, x 13 PQ KU DQ DR (um)]. T/, /A4
AD3ED CLEEE S 2 % PQ LU DQiRE (S/N=3)
EITREEFRL-L &, ZOMITZENRZN 40 KD 53
M THo7e. KEOKEZ INFTICHEINTVS PQ
L O'DQ @ g m ik & g L72& 25 (Table 1),
HPLC-UV """ 2 T 5~ 7, GCMS Y & gL
3~ 10 ERERIEE Th o 72, T2, R HIE 2
DL BB A SRR ST A2, LCG-TOF-MS ' |2t
Wy 2 KEE A LT

W2, HREUCHMIZBWTHIRELMELZE ED
PQ KU DQ DY — 7 IR DNEE (n=5) % Brawiiifhm
BT 5 3 MoK (0.6, 5 KU 20uM) THALAEZ
%, HHNOREIIHEE#EMRA (RSD) T7.0 % UF, H
HIDOFEELIZ 6.5 % LLT & RAF 2512 517z (Table 2).

3-4 IMEFEHF+H PQ RV DQ DFEIEEE
3-4-1 MIFOFILERIE B L7z HPLCGCL ¥ A
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Fig. 6 Effects of the DTT concentration on (a)
relative peak area and (b) S/N ratio

The concentrations of PQ, DQ, luminol and NaOH
are 2 uM, 2 uM, 5.0 mM and 1.2 M, respectively.
The reaction coil length is 2.5 m.

T L% PQ KU DQ WM Lz MBI~ L ISHT 52 &
TEZOFEMEEFM L. 2T, HARaAHETH
By vy BfEO A THEEPORHIWET S Z & 2R
A1 BN, BREROBIMC X B 2Ry ZRkAH
725, TSR Y V8T AT DI R BN S B OB
BEROBMPLETH Y, #HRE L TREOMPIZ L 2%
FEORTREESNT. 22T, PROBORM L 55K
TR ERE L. Y 2B WL R TV BB
THHLMEHEB L) 7 ool s Huv T %17 -
7o, ZORE, BT E VR Z L L 2254100,
PQ R DQ DY — 7 BRDEBALAD b 7zZ Lh b,
By U7 ICHVAEEE LT MY 7 0 O FEE 2 #IR L 72,
W% M) 7 o aFEEROREEA PQ KU DQ O EITEEA
5258 BrRE LA, 50% M) 7 oot ER
MU7Zz2EEICPQRUDQ & HITHINHENRKE 272
(Fig. 8). £ 2T, IMAERREOHLIIZIZ50 % b 7o
e 2 Wb 2 X2 L7,

Table 3 124 PQ K O°DQ D NN, HNKEUH o
FBMEZ R L Twd, \EIGMEICAHM L 72 PQ KO
DQ O ¥ —ZTiifi & PQ KU DQ HHEHEH O ¥ — 7 ik %
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Fig. 7 Effects of the reaction coil length on (a)
relative peak area and (b) S/N ratio

The concentrations of PQ, DQ, DTT, luminol, and
NaOH are 2 uM, 2 uM, 4.0 mM, 5.0 mM, and 1.2 M,
respectively.

L THEE L. PQIZ92~106 %, DQ X 100~106 %
ERIFZBIEREZE LNz 72, 4 PQ KUY DQ @
B ELMEDHE (n=5) ZWMELIE A, HWHE
1T RSD 7.1 % LAF, HRAEEIZRSD 5.9 % LLT & RAF24
FERTH o7z

3-4-2 MFEHAHMPPQ RV DQ DFIBEE  Fig. 9
(@) WCPQ KU DQZFML TWARWINYE, Fig.9 (b) I
PQ K U DQ R MIAAE L DV TR HPLC-CL B TR bz 7
U< b L8%RLTCW0W5, IROLORNTRT LI, 3
3 BN S OREEE 2T 5 Z &% PO PQ KT
DQ #HM$ A LW TE TDXHIZ, A HPLCCL i
EER S 287 L R LB EO AT, AAF RS
B BIGREESR TH 5 0.3 uM DIILHEH PQ KU DQ” % 5
R ERTETH 5 2 DR SNz, —HT, [
—O#HEE HPLC-UVIEIC X DIE L2 & 25, AR
WCHRT 2L EZONDWEY -7 ORBIZLY PQ KD
DQ Z /T 5 2 EAFHICWEETSH 572 [Fig. 9 (0)]. Z
DT ENBHDH, KHPLCCL EDFEN TR & EIRMEA
AEE 7z
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Table 1 Comparison of the sensitivity of the proposed
CL method with previously reported methods
Limits of detection/nM
Method
PQ DQ
Proposed CL method 40 53
HPLC-UV'? 270 270
GC-MS™ 540 140
LC-TOF-MS" 27 33
LG-MS/MS™® 3.3 0.7

Table 2 Precision of the proposed HPLC-CL method
using standard solution of PQ and DQ

% RSD
Concentration/
M Within-day Between-day
(n=5) (n=5)
PQ 0.6 5.4 2.4
5 3.8 5.6
20 4.8 4.2
DQ 1.2 6.3 4.9
5 7.0 6.5
20 1.9 5.7

100 - e ~PQ
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Fig. 8 Effects of the trichloroacetic acid concentration
on the recovery of PQ and DQ from human plasma
The concentrations of PQ and DQ are 0.5 uM and 0.5
UM, respectively.

Table 3 Recovery and precision of the proposed
HPLC-CL method using human plasma
spiked with PQ and DQ

Spiked % RSD
concentration/ % Recovery Within-day ~ Between-day
uM (n=5) (n=5)
PQ 0.6 92 5.1 5.6
5 106 7.1 4.5
20 100 3.6 3.6
DQ 1.2 100 5.8 5.9
5 106 2.9 3.1

20 100 4.3 1.5
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Fig. 9 Chromatograms for (a) blank plasma and (b) plasma spiked with 0.3 uM
PQ and DQ obtained by CL detection and (c) plasma spiked with 0.3 uM PQ and

DQ obtained by UV detection at 290 nm
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Simultaneous Determination of Paraquat and Diquat in Human Plasma
Using HPLC with Chemiluminescence Detection
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Paraquat and diquat are most widely used herbicides, but they have significant acute toxicity
to humans. The aim of the present study is to develop a high-performance liquid
chromatography (HPLC)-chemiluminescence (CL) detection system that allows simultaneous
determinations of paraquat and diquat. The proposed HPLC-CL method is useful to evaluate
health risk and origin of paraquat and diquat. Paraquat and diquat are separated by silica-gel
HPLC, and CL detection is based on the luminol-detecting CL of superoxide anion radicals,
which are generated by the redox cycle reaction between paraquat or diquat and dithiothreitol.
Under the optimum conditions, paraquat and diquat were detected at 16.0 and 13.0 min,
respectively, and the limit of detection (S/N=3) was 40 nM for paraquat and 53 nM for
diquat. Using the proposed HPLC-CL method, the peaks corresponding to paraquat and
diquat in human plasma could be selectively detected on chromatograms without any
interference from plasma components by simple deproteinization with 50 % trichloroacetic
acid.

Keywords: paraquat; diquat; chemiluminescence; HPLC; human plasma.



