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Abstract: The approach presented in this article refers to the bioanalytical method validation for the detection
and quantitative determination of arsenic species including arsenite (As(lIl)), arsenate (As(V)), dimethylarsinic
acid (DMA) and monomethylarsonic acid (MMA) in dog plasma by high-performance liquid chromatography
inductively coupled plasma mass spectrometry (HPLC-ICP/MS). The arsenic species were separated using an agilent
As speciation column by a mobile phase of 2mM sodium phosphate monobasic, 0.2 mM ethylenedi-
aminetetraacetic acid disodium salt dehydrate, 10 mM sodium acetate, 3 mM sodium nitrate and 1% ethyl
alcohol at pH 11 (adjusted with 1M NaOH). The method validation experiment was obtained selectivity, linearity,
accuracy, precision, matrix effect, recovery, system suitability, dilution integrity and various stabilities. All
calibration curves showed good linearity (R>>0.999) within test ranges. The lower limit of quantitation (LLOQ)
was 5 ng/mL for As(IIl), As(V) and DMA, and 20 ng/mL for MMA. The system suitability and dilution values
were within 6.5% and 7.7 %. Subsequently, the developed and validated HPLC-ICP/MS method was also
successfully applied to determine the arsenic speciation in dog plasma samples, and the recoveries for the spiked
samples were in the range of 91.5-102.2 %. Therefore, this method could be applied to the evaluation of arsenic

exposure, health effect assessment and other bio-monitoring studies in biological samples.

2 o824 ¥4 5 arsenite (As(IID)), arsenate (As(V)), dimethylarsinic acid (DMA)£} monomethylarsonic
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% Corresponding author
Phone : +82-(0)55-750-3750 Fax : +82-(0)55-750-3768
E-mail : jsseo@kitox.re.kr

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons. org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

~234-



Bioanalytical method validation for determination of arsenic speciationin dog plasma using HPLC-ICP/MS 235

s

0_>|: oL,
o

oy
L Lo

A3t Bl el Ee
2 AXAFS BT A FHA =

o - T

3, AU, AN B ET, 3|58, A28 A3, 549 erdA s oA
e 9 Ao sl
As(Ill), As(V)®} DMAE= 5 ng/mLO]

< 'd—% A, A

HRom, FEE QoA S A 74]#7} 0.999 ©]

mLe] 9t AAAF Oitsk, A28 AT 3 34E RS Ed) HHAdd tg o 61:0] glee 3o

sto] B2 €% T H& T2 wolste] F¥eke SN fa4S ATl wEA & Al

AN A Aol falT vhe) BEE B

1 Hobske) 489 Sl

=

Key words: Arsenic speciation, Dog plasma, Method validation, HPLC-ICP/MS

.M 8

H| & (Arsenic, As)e X123 AEZG Fol| thedst
Jefe] siFER e BXae aE5=d2A g
AL 7ML e F8 FH A ED| ) v ASFE
& u|= 374 ¥ &= (Environmental Protection Agency,
EPA) =14 2+ 7-4~ (International Agency of Research
on Cancer, JARC)°|A] Q1A AIEAZ
A o] mig 2 EE= ?-ﬂzjlg
on ek int ol B RA sy} A
1A ol -"r]ﬁﬂ‘qo ES IEEARA FEE

H&o] A =E A2e T2 A7 557
SRR AYH O R H|Lof| =FHA] e dylEa
UAA B9 8 =22 H|Ao 2HE B E
& 2 2AF A oJg mFo] tlFo|th Hlhe
F718] 491 arsenite (As(IID)), arsenate (As(V))$F £-71H]
4%l arsenocholine (AsC), arsenobetaine (AsB), dimethyl
arsenate (DMA), monomethyl arsenate (MMA), trimethyl
arsenate (TMA) 5 tF3s Jel2 &A1, dnkzo
2 |40 =Fof o3 AYA| WellA ERlE= Hl4 3}
8} arsenite (As(IIl)), arsenate (As(V)), dimethylarsinic
acid (DMA) 22|32 monomethylarsonic acid (MMA)©]
SHFig. 1)

Y| Yol A 2] arsenate (As(V))+= arsenite (As(IIl))
Z 3™, arsenite (As(ID))> 7HllA methylation2H-&-
© 2 dimethylarsinic acid (DMA)2} monomethylarsonic
acid (MMA)S.Z thAtx o] A &= ujd =m * drhbs

OH OH CHa OH

HO—As—OH HO—As—CH; ~ HO—As—CHj
ll u L'

arsenite arsenate dimethylarsinic acid monomethylarsonic acid
(As(mm)) (As(V)) (OMA)

HO——As—OH

Fig. 1. Chemical structures of arsenite, arsenate, dimethylarsinic
acid, monomethylarsonic acid.
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21. BFEEE 9 MY

Aol AFEE EFEE arsenite (99.99 %), arsenate
(99.3 %)+ High-Purity Standard (North Charleston, SC,
USA)oA T+ 3 3L dimethylarsinic acid (DMA,
99.5 %)<} monomethylarsonic acid (MMA, 99.5 %)=
Chem Service (West Chester, PA, USA)A 35t
AFR-EFATE WE- 52 (internal standard, IS)E AH-
H tellurium (Te, >99.8 %)< Fluka (Buchs, Switzerland)
AN FAskATh 70% Nitric acid (299.999 %)<}
Sodium phosphate monobasic (=98 %), Ethylenediamine-
tetraacetic acid disodium salt dehydrate (99.0-101.0 %),
Sodium acetate (299 %), Sodium nitrate (=99 %)=
Sigma-Aldrich (Saint Louis, MO, USA)A| &<, ethanol
(99.9 %) Burdick & Jackson (Brooklyn, NY, USA)A|
FE FYst A4tk Dog 84S =t 3
SIAE AHE-3F beagle dog F2 AHE-3I.SH, 20 °C
o]atoll A BAst ARg-sldrt.

nA

22. ZZME (calbration standard) % Az
AlZ (quality control sample, QC sample)2| Z=X|
As(Ill), As(V) 223 DMA2] AFFEgAL 20
ug/mL, MMAE 800 ug/mL, ISE 100 pg/mLe] E %
= 02% AEAE o] &t 2AE T F YHE
& 3t AHEEH T AZETZA T &S o] g5t F
EFENS AN OH, TEE As(I), As(V) 28]
DMA+ 100~10000 ng/mL, MMA+ 400~40000
ng/mL, IS 25 ng/mLe| HEE 3ttt A58 &
AARE TE7] A FERAL AHETENES

95:5 (viv) H1& =2 A 7F3ked As(Ill), As(V)S} DMAS

(=]

¢

Kl 2

242 A sIA & Al F)9} zero blank (W3
EATS HEs A185)9 Ade AdxsEd o
Ao E& A3t ZAIEIAT QC @R sE=
As(ll), As(V)2} DMAE 5 (A &34, LLOQ),
10(A% %= QC, LQC), 80 (375 % QC, MQC), 400
(X QC, HQC) ng/mLo] HEZ ZASHAIL,
MMA$] 73$- 20 (LLOQ), 40 (LQC), 320 (MQC), 1600
(HQC) ngmL7} H =% #8747} AAEFEA S o]&
te] ZA|skA . A5 2] A28+ Blank$} zero
blankE E3HeE A AR} 71749 QC A
B 50 pLoll 18 450 pL A2 J7isled ARS-3FA T

2.3. HPLC-ICP/MS

F217]17]+& Flexar LC (PerkinElmer, Waltham, MA,
USA), NexION300x ICP/MS (PerkinElmer, Waltham,
MA, USA)E AHE3I3ith 84 5 ¥4 & & 24
S 98le] ICP/MSS] DRCEEZS o]&3dte] 24819
), BE7IAR A0, E o83t AR 3L 912
25 A8 R EE 222 AHEE tellurium
A% 7 13022 A8tk o] 54 2 mM
sodium phosphate monobasic, 0.2 mM ethylenediamine-
tetraacetic acid disodium salt dehydrate, 10 mM sodium
acetate®} 3 mM sodium nitrate= 1 M NaOHE ©] &
Sted pH 11.0£022 3 & ethanolS 1% HE=S 3
7hstth vl A & B2 E e dH S Agilent AF2]
(G3288-80000, 4.6x250 mm (Agilent, Santa Clara,
CA, USA)E AMgsIiem HlA & & 24L 9%
HPLC-ICPMS 717|184 278 Table 19 VFERRSITE
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Table 1. HPLC-ICP/MS operating conditions and parameters

HPLC condition

2 mM Sodium phosphate mono
basic, pH 11.0

0.2 mM EDTA

10 mM CH;COONa

3.0 mM NaNOs

1% ethanol

1 mL/min

(G3288-80000 (4.6 x 250 mm)
Pump program  Equal time 5 min

Mobile phase

Flow rate
Column

Run 13 min

Injection volume 50 uL

ICP/MS condition

Nebulizer Gas Flow 1.07

Auxiliary Gas Flow 1.20

Plasma Gas Flow 18.00

Deflection Voltage -8.50

ICP RF Power 1600

Gas A Flow 0.5

Ny AFe Fashd AW 2o A4
WA@Y e FHshe RE Hgoly & 5 drk?
Dog 8% & As(lll), As(V), DMA, MMAS A #3}7]
A EAW ASS Slal A9, H448, 44, 3B
W, AAA R

a3, 3l7&, Alad AR, IR,
I3 A eSS A B4 52 FDA
7}el =2}l ‘Guideline for Industry on Bioanalytical
Method Validation’®ll &]#sle] 3l 5}3d th 22
Aed2 AL 6/MAY] FE4SE FH blank,
zero blank, LLOQ A &E o]&3t] H7letqlen, 4
A48 73X 2] blank, zero blanke} H A4 A=
ek H4 650 AEE I
AL BAHE Ao SA3 AA g
23S Uelle AL E J 23} (Relative Error,
% RE)Z T3, UL 3 =& s &
AstRS of SAWUE 7 2FEE YEH ¥WE
A% (Coefficient Variation, % CV)E UERH Lt}
% RES} % CVol Al%tA L ot o] AlstAe] uwpat
A2k}

% RE = [(Calculated concentration —
Theoretical concentration) / Theoretical] x 100

% CV = (Standard deviation of concentration /
Mean concentration) x 100
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Matrix effect (%) = (B/Mean of A) x 100
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ssxoA] Z43te] ofehel A4kel wet H7lekic.

Recovery (%) = (Mean of D / Mean of C) x 100
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HPLC-ICP/MSE ©]&3 ¥
AR E 1S Hrtslr] flsted 671A <
AF&-3}e] blank, zero blank 2 As(Ill), As(V), DMA,
MMA ¢} IS FEZE2)0] g d LLOQ Tk o
ANEE o] &3te] HrslAth(Fig 2) EAUdEZ]
S8 ¥e PR M ae BEEA] e, 3
AL zh vlA& Fol st FFAL () 0.99908~
0.999492] WH 915 FEP A Th(Fig. 3). Ao FEA
S Hrysl=dl 71591 233HA S (coefficient of correlation,
D 0.99 o] Fe] BEale AHE 4 T Uk

Ao HIAga LA B4R dojd &
A AR 2HA8E vehli= 202 A ext
(%RE) AT (%CV)E YR, LLOQE ¥
S A4FEE NHECE BASIY o, 455 FEA
(% RE) 2 HAIUA (% CV)oll thgk v 2 wi x| 7k
o] AAE Table 20 JFERH AT vl F w x| 7k
A2 (% RE)F AEA (% CV)& 15% oo,
LLOQOIA = 20% oW o] MHE Ko A F £
o Agst ot A= AT

AN ZRE A9} 3]48S LQC, MQC ¥ HQCY &
T FEoE Yrielglon, o A= Table 33 490 W

g F v EApggel
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(A) ¥,=37.21736-4x + 161946264
2= 0.99910
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® 60es5
o
40e+5
20e+5
00
0 100 200 300 400 500 600
Concentration (ng/mL)
25e+6
(C) ¥,= 177348464 +-36.19205€4
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i ARAE LA AR AL LA ARASS AR SAAA) ASAF AN SRS IS M
g
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As (1)
e Bhk MMA
1200 As (V)
T e T

Fig. 2. HPLC-ICP-MS of (A) blank plasma, (B) blank plasma

spiked with the four arsenic species at LLOQ (DMA:
5 ng/mL, &x = 3.2 min; As (III): 5 ng/mL, r = 3.7
min; MMA: 20 ng/mL, fz = 6.4 min; As (V): 5 ng/
mL, . = 9.8 min).

Ehl i AR R R AR As(D)= 103.7~
109.7%, As(V):= 86.697.2%, DMAE 90.1~97.2 %,

25e+6
(B) y =72.70919E-4x +-73.98609E-4
2= 0.99912
20e+6
15046
1.0e+6
50e+5
00
0 100 20 200 400 500 600
Concentration (ng/mL)
25e+6
(D) ¥,73.40622€-4x + 48.56098€4
2= 0.99949
20e+6
1546
1.0e+6
5.0e+5
00
0 100 20 200 400 500 600

Concentration (ng/mL)

Fig. 3. Representative calibration curves of (A) DMA, (B) As(Ill), (C) MMA and (D) As(V) in dog plasma.
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Table 2. Intra- and inter-batch accuracy and precision of
As(II), As(V), DMA and MMA in dog plasma (n=
number of samples)

Nominal concentration (ng/mL)
5 10 80 400

As(1D)

Intra-batch % RE (n=6)  16.8 2.5 0.7 2.9
Inter-batch % RE (n=18) 8.9 1.6 1.5 3.4
Intra-batch % CV (n=6) 3.1 5.6 2.5 33
Inter-batch % CV (n=18) 7.9 4.4 35 43

As(V)

Intra-batch % RE (n=6) 44 37 20 5.7
Inter-batch % RE (n=18) 3.0 1.5 -0.9 4.6
Intra-batch % CV (n=6) 4.8 8.5 1.4 33
Inter-batch % CV (n=18) 7.6 7.6 2.7 4.9

DMA

Intra-batch % RE (n=6) 14.5 8.8 -1.0 0.1
Inter-batch % RE (n=18) 59 4.8 0.4 1.6
Intra-batch % CV (n=6) 32 4.6 2.8 3.2
Inter-batch % CV (n=18) 9.1 52 33 52

Nominal concentration (ng/mL)
20 40 320 1600

MMA

Intra-batch % RE (n=6) 13.5 3.7 -4.3 33
Inter-batch % RE (n=18) 5.3 24 -15 35
Intra-batch % CV (n=6) 7.3 3.8 2.7 34
Inter-batch % CV (n=18) 8.0 4.0 3.4 49

MMAE 92.5~100.7 %2 A 5&HE JeR o
), %CV 72 0.9~7.6 %2 AFAE B AT (Table 3),
35S As(IDE 93.099.4 %, As(V)E 91.5~97.2 %,
DMAE 93.0~102.2 %, MMAX 91.8~98.8 %%] "9
E2 BYa, %CV e 32~48%2 AF}E Ll o
AN BEZHS} BFEo] 15% o9 wExe e 4
H45 1T F AT

A 2" A4S H7Eshz] 95k AsIl, As(V),
DMA, MMA2] LLOQ F%E¢] A 8E 63] & 3]
slo] A& B R0 WA oV A Zhzt 5.0,
6.5, 3.6, 5.0 %= H717]FE0] AFSATHA T A A)).
Aol 8N PRIt IFEL AEE FYe
FAEE o83t 104, 50 ¥l= Z} 6 71 3|43}
o] EAEH A, S8 T2 %RES %CV
2 Hrledd. 2 A3 %REE -13.8~-6.3 %, %CV
= 0.8~7.7 %] HEle] AFE BATK(Table 5).

A A8 Al AR AEHH F ©dr17ke] B,

Wals 3 B Ay F AW EE e 84

|

9 o
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Table 3. Matrix effect of As(Ill), As(V), DMA, MMA in

dog plasma
Nominal concentration (ng/mL)
10 80 400
As(IIT)
Matrix effect (%) 103.7 106.9 109.7
CV (%) 4.7 2.5 1.3
As(V)
Matrix effect (%) 97.2 88.8 86.6
CV (%) 7.6 1.8 1.9
DMA
Matrix effect (%) 90.1 95.5 97.2
CV (%) 3.6 0.9 1.6
Nominal concentration (ng/mL)
40 320 1600
MMA
Matrix effect (%) 92.5 100.7 97.4
CV (%) 2.1 1.8 2.1

Table 4. Recovery of As(Ill), As(V), DMA, MMA in dog

plasma
Nominal concentration (ng/mL)
10 80 400
As(11I)
Recovery (%) 99.5 98.6 92.9
CV (%) 4.5 33 1.4
As(V)
Recovery (%) 97.7 96.2 91.5
CV (%) 9.7 4.1 2.0
DMA
Recovery (%) 102.3 99.6 93.0
CV (%) 4.1 4.5 2.0
Nominal concentration (ng/mL)
40 320 1600
MMA
Recovery (%) 95.6 98.8 91.8
CV (%) 7.3 2.3 24

< F7sh7] $13l dog 4 Wl As(lll), As(V), DMA,
MMAS®] ©7] QEFA-2 oF 80 °CollX] WEHI Fol
H LQCE HQC T2 AEE A2 2477+ A
I F BAste] Hrletal, 5 F P84S AAY
T Ao AT U7 47AEt Bt F 7
ate] WMshgS gelstnt. W/als 842 LQC

ot

A

1z



240 Jong-Hwan Kim, Young Sang Kwon, Min-Chul Shin, Su Jong Kim and Jong-Su Seo

Table 5. Dilution effects of As(Ill), As(V), DMA, MMA in

dog plasma
Theoretical Dilution Found concentration
concentration factor Mean+SD %RE  %CV
(ng/mL) (ng/mL)
As(I1D)
80 50 71.0401+5.46 -11.2 7.7
400 10 359.6517+6.82 -10.1 1.9
As(V)
80 50 68.9905+4.22 -13.8 6.1
400 10 374.8050+2.94 -6.3 0.8
DMA
80 50 73.6106+3.47 8.0 47
400 10 355.3168+7.26 -11.2 2.0
MMA
320 50 292.3339+14.92 -86 5.1
1600 10  1386.8218+18.57 -133 1.3
Table 6. Stability of As(Ill), As(V), DMA, MMA in dog
plasma
Initial ~ Mean Found | .
concentration concentration Change”
(ng/mL)  (ng/mL)
As(1IT)
Short-term stability 10.1395 8.7393 -13.8
(n=3, 24 hr) 4179852  359.5850 -14.0
Post-preparative stability 9.9667 10.4349 4.7
(n=3, 47 hr) 403.5599  375.2424 -7.0
Freeze/Thaw stability 10.1395 10.6551 5.1
(n=3, 4 cycles) 417.9852  415.0078 -0.7
As(V)
Short-term stability 9.5975 10.7439 11.9
(n=3, 24 hr) 408.9801  384.1728 -6.1
Post-preparative stability 10.8399 93697 -13.6
(n=3, 47 hr) 4272464  398.5307 -6.7
Freeze/Thaw stability 9.5975 9.2095 -4.0
(n=3, 4 cycles) 408.9801  435.8086 6.6
DMA
Short-term stability 9.2514 9.4950 2.6
(n=3, 24 hr) 400.0800  367.5686 -8.1
Post-preparative stability 9.2906 10.6708 14.9
(n=3, 47 hr) 406.5194  377.2570 -72
Freeze/Thaw stability 9.2514 10.6287 14.9
(n=3, 4 cycles) 400.0800  429.3940 7.3
MMA
Short-term stability 43.9702 383462  -12.8
(n=3, 24 hr) 1650.7687  1499.9162 9.1
Post-preparative stability 38.7744 40.3627 4.1
(n=3, 47 hr) 1577.2715 1546.1416 2.0
Freeze/Thaw stability 43.9702 39.0337 -11.2
(n=3, 4 cycles) 1650.7687 1651.4328 0.0

9% Change = (Mean concentration of stored samples — Mean con-
centration of initial samples) / Mean concentration of initial sam-
ples x 100
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