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Determination of Bongkrekic Acid and Isobongkrekic Acid
in Plasma and Urine by Ultra-Performance Liquid

Chromatography-Triple Quadrupole Mass Spectrometry

ZHANG Xiu-yao, CAI Xin-xin, ZHANG Xiao-yi, LI Rui-fen
(Wenzhou Municipal Center for Disease Control and Prevention ,Wenzhou 325001, China)

Abstract: Bongkrekic acid (BA) and isobongkrekic acid (IBA) are produced by the bac-
terium Burkholderia gladioli pv. Cocovenenans (B. cocovenenans) associated with out-
breaks of foodborne diseases involving coconut- and corn-based products in Indonesia,
China and Mozambique. Bongkrekic acid and isobongkrekic acid are little-known mito-
chondrial toxins that inhibit adenine nucleotide translocase (ANT). The latency period

after exposure to BA- and IBA-contaminated foods is reported to be 2-24 hours. The
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symptoms of poisoning include discomfort of digestive system and nervous system. Seri-
ous patients will die from multiple organ failure, such as liver, brain and kidney. The
mortality rate from past outbreaks in China was about 40% , and that in Indonesia was
about 60%. The method of ultra-performance liquid chromatographic method coupled
with triple quadrupole tandem mass spectrometry (UPLC-MS/MS) was established for
determination of bongkrekic acid and isobongkrekic acid in plasma and urine. Iso-
bongkrekic acid was prepared by treating of bongkrekic acid with 2 mol/L KOH for 2 h
at 100 °C, and confirmed with the reference substance by mass spectrometry, chroma-
tography and ultraviolet spectroscopy. The main factors including methods of sample
pretreatment, separation column types, compositions of mobile phases, and instrumen-
tal conditions of mass spectrometry were optimized. The bongkrekic acid and iso-
bongkrekic acid in plasma were ultrasonically extracted with acetonitrile-methanol
(9 : 1, V/V) solution containing 0. 5% (V/V) ammonia solution, and then the extract
was centrifuged to remove the impurities, such as proteins. After acetonitrile and meth-
anol in extract were removed, the analytes in the residues were extracted by hexane
under pH 1. 5-2. 0. The bongkrekic acid and isobongkrekic acid in urine were directly
extracted by hexane under pH 1. 5-2. 0. The chromatographic analysis was separated on
an Acquity BEH C18 column (2.1 mm X 100 mm X 1. 7 ym) with gradient elution of
using mobile phases of acetonitrile and water both containing 0. 05% (V/V) formic acid.
A triple quadrupole mass spectrometer, equipped with electrospray ionization (ESI) in
the negative ion mode, was used to detect bongkrekic acid and isobongkrekic acid in
multiple reaction monitoring (MRM) mode. Bongkrekic acid and isobongkrekic acid
were quantitated by external standard of matrix working curve. The linear ranges of the
analytes were from 0. 05 pg/L to 10 pg/L with the correlation coefficients greater than
0.998. The limits of detection (LODs) of bongkrekic acid and isobongkrekic acid in
plasma and urine were 0. 02 ug/L, and the limits of quantification (LOQs) of them were
0.05 ‘ug/L. The average recoveries were 92%-106% with the relative standard devia-
tions of 2.4%-13%. The method is simple, sensitive and accurate, and can be used for
the detection of bongkrekic acid and isobongkrekic acid in plasma and urine poisoned by
Burkholderia gladioli pv. Cocovenenans.

Key words: bongkrekic acid; isobongkrekic acid; Burkholderia gladioli pv. Cocovene-
nans; plasma; urine; biological samples; ultra-performance liquid chromatography-triple

quadrupole tandem mass spectrometry(UPLC-MS/MS)
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W R (isobongkrekic acid, IBA) & iy fif 25 [
Mt 7 (Burkholderia gladioli pv. Cocovenenans)
PR A0 T R R L S 20 A RUER I S S A8 1AL B
VT A I O ST T T SR LT
R R 7V VB XoF A A 1 AR N TR
ZAFVEAL R A H A TR E AL S5 R T
Lo KT T 92 R 400 1 4 if PR 4R A | it 1
WA R B o B CANT) 1 336 M /N BRUET R 2P 203k

BEHE(LDs) K 3. 16 mg/ (kg « dw), AFEA 1~
1.5 mg FEAHIRACT Y o 6 B A 5 M B 2B K
T2 T IR 11 [ B 3R 25 P2 A= 29 50 A R TR Y 57
KRR A N KRR R SR 1/2~
1/4%0 0 ORI BRAE H OGBS T S B0 W1 46 by
B B oK W B R R R A A R v R e
RITEE N 3 X, & & T 7 & B
AR REWAE 16 44 T b4k
BT P R M R R g | AR Y R L P X BB



270 B AR LG
OCH H COOH
H H 3
\o 8 o Nl
H ¢ 1 /
crs o NIl NN -
a C = C 3
22 \ C==C C H H,C H
HOOC 19 18 16/ \ Hy
\2t 20 Cc=c" | ¢ q
C:C/ \ H,
7N H
H /CH2
HOOC ’ u doom
H q o OCHs \o )/
I N R
RCTIN S g = R
H 17 \C15_lé‘/13\12/ Ny 5, H / 3
b H \io 18 16/ \ fi HyC H
\2! 20 C=C 4 ¢ H
C=C \ Hy
Lo N, N
nOUC CH,
HOOC/

Bl 1 KREER(a)MRRBERD)HULEEN

Fig. 1 Chemical structures of bongkrekic acid (a) and isobongkrekic acid (b)
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in bongkrekic acid standard solution (a) and reaction solution (b)
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Fig. 4 Product ion scan spectra of isobongkrekic acid

in bongkrekic acid standard solution (a) and reaction solution (b)
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0. 05 pg/L. I3 A1 BRI AE B BR K P bR A i
3% B s T & 6.
2.5.2 BB E S AUMAR B sE A
P L2 7 BRVBRE it o 4 3 S T AS ) e B 1) oK e
PER T S5 oK T TR bR E R MR TR S S i &
60 min, FFHE 1. 4 15 55 AT AR L [l e 32 A
K% e A T3 1, M5 AR I oK T R R
S5 K B R 1) s [l i S 1 7E 92046 ~ 106 %%
ZIE AR HERZE N 2. 4% ~13%  fF B &
I AT IR .
2.5.3  FLBAON  HRAS SRR PREAE L 4%
ABESE T 5 AL PEAR B 25 (AR A 1.0 mL
5 pg/ LK T T R AN 5 K 8 1 R TR & b fE
TR ) oS S5 5 ) A VA R (2 R 5 g/ 1) L
A4 2K T T TR R S5 K T T TR ) € 3% 06 T AL L B LA
TR0 Bm E T W CTE 995 L 90 46 3t sl A H A
5 pL 1.0 mg/L A K T T4 R F1 5 oK T 11 IR 179 TR
GARMEE A1 1. 0 mL 5 g/ L f K % 1 R A1
S AT TR R 1 70 s E VS WD Hh & B £ 3 U T AR
DATEAS RF S (0 3 RO S S AT 3 IR, 45
SR BT I 5 BRI oK T TR R R S 0K T8 T TR
14y 35 S5 410 #4255 9 7E 101 %6 ~ 104 % 38 Bl P -
EEI TR R iy g T
2.5.4  FREUENCR s E LSRR S O AR
5 pg/ LI K [ TR R RN ORI P R . 4% 1. 4 19 5%
AR AT R AL B D A5 3 K I A R RN R K
T T 1R 1 e 355 0 TR B BB A K T TR TR R 7 K T
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Fig. 6 UPLC-MS/MS chromatograms of bonkrekic acid and isobonkrekic acid
1 MEMREPRBERTISAKABARNMAROKRMEEE (n=6)
Table 1 Recoveries and RSDs of bongkrekic acid and
isobongkrekic acid in plasma and urine samples (rn=26)
(latr] B e I 5E 18 -1 Il i LERORAN B
Compounds Samples Spiked level/(pg/kg) Found/ (pg/kg) Recoveries/ % RSDs/ %
PN i 4 0.05 0. 047 94 7.3
1.0 0. 98 98 7.3
4.0 3.82 96 3.8
8.0 7.48 94 5.2
PRI 0. 05 0. 045 90 13
1.0 0.098 98 5.7
4.0 4.18 104 4.9
8.0 8. 04 100 2.4
57K B R R L3 0. 05 0. 047 94 6.7
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Compounds Samples Spiked level/(pg/kg) Found/ (pg/kg) Recoveries/ % RSDs/ %
1.0 0. 96 96 5.3
4.0 4.01 100 7.2
8.0 7.78 97 6.8
TR 0. 05 0. 046 92 11
1.0 0. 096 96 5.7
4.0 4.22 106 5.4
8.0 7.69 96 2.5
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A A R R 1 - 347 4 BB T i 38 43 531l Sk 60 7%
(SR 4.2%) F1 54 % (38 5 BB 4. 8%)
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3 4ig
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