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Determination of Oxolinic Acid in Rice Straw by LC-MS/MS

Yukiko MITSUI"' and Satomi MORIGUCHI
("' Food and Agricultural Materials Inspection Center, Nagoya Regional Center
"2 Food and Agricultural Materials Inspection Center, Nagoya Regional Center
(Now Kobe Regional Center))

An analytical method was developed to determine the level of oxolinic acid in rice straw using liquid
chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS).

After adding water to the samples, oxolinic acid was extracted with 0.2 w/v% metaphosphoric acid
solution-acetonitrile (3:2). The extract was purified with Oasis HLB (Waters Corporation; Milford,
MA, USA) and injected into the LC-ESI-MS/MS for determination of the levels of oxolinic acid. LC
separation was carried out on an ODS column (Inertsil ODS-4, 3.0 mm i.d. X 150 mm, 3 pm from GL
Sciences Inc.; Tokyo, Japan) using 0.1 v/v% formic acid solution-acetonitrile as the mobile phase. In
the MS/MS analysis, positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on rice straw spiked with oxolinic acid at the levels of 0.6, 1 or 10 mg/kg.
The resulting mean recoveries ranged from 89.8 to 92.7 % and the repeatability in terms of relative
standard deviations (RSD;,) were not more than 6.4 %.

A collaborative study was conducted in nine laboratories using two kinds of rice straw spiked with 10
and 2 mg/kg of oxolinic acid, respectively. The mean recovery, repeatability and reproducibility in
terms of the relative standard deviations (RSD, and RSDg) and HorRat, respectively, were 91.9 %, 2.8 %,
5.3 % and 0.46 for rice straw 1, and 97.6 %, 2.5 %, 7.6 % and 0.52 for rice straw 2.

This method was validated and established for use in the inspection of oxolinic acid in rice straw

Key words: oxolinic acid; liquid chromatograph-tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); rice straw; collaborative study
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5-ethyl-5,8-dihydro-8-oxo[1,3]dioxolo[4,5-g]quinoline-7-
carboxylic acid
C13H11NOs MW:261.2 CAS No.: 14698-29-4

Fig. 1  Chemical structure of oxolinic acid
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Table 1 Operating conditions of LC-MS/MS
Column Inertsil ODS-4 (3.0 mm i.d. x 150 mm, 3 um), GL Sciences
Mobile phase 0.1 v/v% Formic acid solution - acetonitrile (7:3)
(hold for 19 min) — 1 min - (5:95) (hold for 5 min)
- 1 min - (7:3) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Source temperature 120 °C

Desolvation gas N2 (800 L/h, 350 °C)

Cone gas N2 (50 L/h)

Collision gas Ar (0.20 mL/min)

Capillary voltage 2kV

Table 2 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
244 — 30 15
Oxolinic acid 262
— 216 30 25

i A
BFoie SRM 7~ 7T AL E— 7 HfEE RO TREMRZIER L, REFo4F V) =
IREZREH L. 7ok, EEEOHE% Scheme 1 (27 L7,



58 fREHFIE S Vol. 41 (2016)

Sample 5.0 g (300 mL Erlenmeyer flask)
add 30 mL of water
——allow to stand for 30 min

——add 120 mL of 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)
——shake for 30 min

—filter through GFP under reduced pressure

wash with 50 mL of 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)
— fill up to 200 mL with 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)
— dilute sample solution 100-fold with 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)
——add 10 mL of water to 4 mL of sample solution

Oasis HLB cartridge

——wash with 10 mL of methanol and 10 mL of water

apply sample solution

wash with 5 mL of water (twice)

—clute with 5 mL of methanol

—— evaporate under 50 °C and dry with nitrogen gas

——dissolve in 2 mL of water-methanol (7:3)

— centrifuge for 5 min at 5000xg

LC-MS/MS

Scheme 1 Analytical procedure for oxolinic acid in rice straw
(analyzed under the shading condition)
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Table 3  Matrix effects by different dilution factors
Matrix factor” (%)

Dilution factor of extract

runl run2
10-fold dilution 87.8 93.1
100-fold dilution 103 99.8

a) Response ratio of oxolinic acid calculated as peak area in the
presence of matrix component divided by peak area in the pure

solution

Table 4  Effects of dilution on recovery tests

a) b)
- R RSD:
Dilution factor of extract ecovery
(%) (%)
10-fold dilution 75.1 6.4
100-fold dilution 80.5 2.6

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Table 5 Effects of sample weight on recovery tests

Sample weight Recovery (%)a)
(8 Rice straw 1 ~ Rice straw 2 Rice straw 3
2.5 83.5 92.1 80.4
5 88.5 91.2 74.8
10 85.7 86.5 65.8
15 75.5 69.2 52.2

a) n=l
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Table 6  Elution pattern of oxolinic acid from Oasis HLB

Recoverya) (%)

Feed types Water Methanol Total
0~5 mL 5~10 mL 0~5 mL 5~10 mL 10~15mL  15~20 mL
Rice straw 1 0 0 99.4 0 0 0 99.4
Rice straw 2 0 0 100 0 0 0 100
a) n=l1
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Table 7  Recoveries for oxolinic acid

Feed types
Spiked level Rice straw 1 Rice straw 2
(mg/kg) Recovery” RSD,” Recovery” RSD,”
(%) (%) (%) (%)
0.6 92.7 3.9 91.0 4.1
1 91.0 6.4 92.7 4.9
10 89.8 3.0 91.3 2.9

a) Mean (n=3)
b) Relative standard deviation of repeatability
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12.00 14.00 16.00 18.00  Reteation Time/min
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T 1 T T 1 T 1 T T 1 T 1 T 1 1 T 1
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U T T T T T T T T T T 1 T T T T T T
12.00 14.00 16.00 18.00  Retention Time/min

Fig. 2 Selected reaction monitoring chromatograms
(Arrows indicate the retention time of oxolinic acid and each peak is shown as 100 % in each
segment except C, in which the peak of the lowest standard solution (0.1 ng/mL) is to be shown
as 100 %.)
A: Standard solution (5 ng/mL: 0.025 ng as oxolinic acid)
B: Sample solution of rice straw spiked at 10 mg/kg of oxolinic acid (5 ng/mL as oxolinic acid)

C: Sample solution of rice straw (blank)
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SNAVEOH M4 el U7z ECHEBEIGE, Mok LKEE (RSD,) K OERFEEEE (RSDr) ZHHIL,
B 57 RSDr 706, EIE Horwitz 2 '2% FIV T HorRat %3k 6 7-.

fikld Table 8 D& BV Tholz. b 1 KOO D 2122\ T, FHEIGERITZENEI 91.9 &
Y 97.6 %, RSDITZTNZEI 2.8 K TN2.5 %, RSDIZZNEH 53 K UN7.6 %, HorRat IZZH 1 0.46
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BEDTD, KRBRETH A L2 LC-MS/MS DRSS % Table 9 1278 L7z,



64 fREHFZEHE Vol. 41 (2016)
Table 8 Collaborative study for oxolinic acid
Feed types
Lab. No. Rice straw 1 Rice straw 2
(mg/kg) (mg/kg)
1 9.16 9.85 1.83 1.99
2 9.23 9.10 1.81 1.85
3 9.29 9.21 1.88 1.87
4 9.89 9.45 1.95 2.00
5 9.66 9.91 1.94 1.94
6 8.75 8.38 1.70 1.78
7 8.94 8.64 2.15 2.14
8 1019 838 Y 2.22 2.17
9 8.66 8.91 1.99 1.93
Spiked level (mg/kg) 10 2
Mean value * (mg/kg) 9.19 1.95
Mean recovery * (%) 91.9 97.6
RSD: 7 (%) 2.8 25
RSDr (%) 53 7.6
PRSDk © (%) 11 14
HorRat 0.46 0.52

a)
b)
¢)
d)
e)

Data excluded by Cochran test
Rice straw 1: n=16; Rice straw 2: n=18

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between

laboratories calculated from the modified Horwitz equation
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Table 9 Instruments used in the collaborative study
Lab.No. LC-MS/MS LC column
(i.d.xlength, particle size)

) LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)

5 LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)
LC: Nexera X2, Shimadzu ZORBAX Eclipse XDB-CI18,

3 MS/MS: LCMS-8040, Shimadzu Agilent Technologies

(3.0 mmx150 mm, 3.5 pm)

4 LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)

s LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: Quattro premier XE, Waters (3.0 mmx150 mm, 3 pm)

6 LC: Alliance 2695, Waters Inertsil ODS-4, GL Sciences
MS/MS: Quattro premier XE, Waters (3.0 mmx150 mm, 3 pm)
LC: 1200 Series, Agilent Technologies Inertsil ODS-4, GL Sciences

7 MS/MS: 6410 Triple Quad LC/MS, (3.0 mmx150 mm, 3 pm)

Agilent Technologies

LC: 1200 Series, Agilent Technologies Inertsil ODS-4, GL Sciences

8 MS/MS: 6410 Triple Quad LC/MS, (3.0 mmx150 mm, 3 pm)

Agilent Technologies

9 LC: ACQUITY UPLC, Waters Inertsil ODS-4 HP, GL Sciences

MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)
4 F&oH
Fab BHIZERET 5 4% Y U = ZERIZOWT, WCS A KR L, fbblZBiF 5 LC-MS/MS

Z W B BE ORI AT EEE~ OB O PG 2 Rat Lz & 25, #EHRIEZ 5 g2, MR OAR
Z 100 512, =T LNEDEMAE AL ) —)L 5 mL TITH ZEICERTHZ L2k, ITORER
DL, WHNARETH S LB DT,

1) fbbIcoNT, KB THELNEZ u~ N7 T A2, ERBEYT 5 E—7 1338 5z
7.

2) ARIEIZEVE LN DBENAIRICOWT~ MU v 7 AR EMR LIFER, %V = 7 Bidale
~ M) w7 R DRE e BE 2T 5 L {HEARETH T,

3) fbbicAX Y V= 7L L 7T0.6, 1 KO 10 mgkg FHSEZTIML, AEIHE-T 3 8T
Mrae 9 L, [ & ORI URSE 23R b7z & 2 A BIF R0 G o .

4) KEOFXY VU =y 7BEOERE FRITHFE 0.6 mgkg, R FIRIF 02 mgkg Tho7z

5) WbobicAx YV =y 7L LT 10 mgkg FH% 8L 2 mg/keg tHY \mA2 I L 725082 W T 93k
BREICB W TARIEICHE VIR 2 i L= & 25, BHRERNSE L.

B

HFEFRBRIZSZIM L TWe2We 7 o — R - U RARAEIITERT, 2R R A & S ETE = PE
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