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Abstract: A ketone body (acetoacetic acid, B-hydroxybutyric acid, and acetone) increases from blood or urine
when bio-energy dependence pays more fatty acid than glucose. However, in case oxidation of fat is greater
than the capacity of the citric acid cycle the fatty acid oxidation is made from acetoacetyl CoA to acetoacetate
then, again form B-hydroxyburytic acid to acetone, the diffusion take place into the blood. Enzymes that oxidize
ketone body in the brain and nerve tissue blood ketone dody is increased during prolonged fasting, brain used
it as energy. In this study, we developed the rapid two step derivatization method for sensitive detection of
the ketone body by GC-MS/SIM. The plasma was deproteinized and then the hydroxy and carboxyl groups
of ketone body are subjected to extraction and drying then, keto-group were derivatized with hydoxylamine
at 60 °C for 30 min for oximation. Then it was trimetyl-silylated with BSTFA at 80°C for 30 min and analyzed
using a GC-MS. The linear ranges were in between 0.001 pg/mL and 250 pg/mL for B-hydroxy butyrate, and
acetoacetate. The method detection limits were below 0.1 pg over each target compound determined. The mean
recoveries (%) of target compounds were ranged from 88.2 % to 92.3 % at 1 pg/mL, from 89.5 % to 94.8 %
at 10 pg/mL, with RSD of 6.3-9.4 %. This method could be applied to quantification of ketone bodies which
are seen in the keto-acidosis in children and adults from a variety of diseases that cause ketones in the blood

and urine.
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Scheme 1. Process of ketogenesis.
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Fig. 1. Reaction scheme for oximation and trimethylsilyl
derivatives of ketone body.
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2.1. Alof

EAE4 B-hydroxybutyric acid®} acetoacetic acid=
Sigma-aldrichAF (MA, USA)ZHE T3t} Wi
FEZHQ 2-ketocaproic acid> Sigmarl (MO, USA)Z
2E 75ttt Ba(OH), ZnSO,, o EolAE|o] Ex
HPLCF Al 9F¢l &v) 2 Sigma-aldrichA} (MA, USA)
9 TediaAl (OH, USA)NA F43ldth =413} Al
oFol N,0-Bis (trimethylsilyl) trifluoroacetamide (BSTFA)
9} hydroxylamine HCI> Sigma-aldrichA} (MA, USA)
ZHE FYIAY. 25 FFHFTE Millipore
MilliQTM system®] EF= AATF BA| A9 (MA,
USA)E o] &3] AAE 18 MO-cme SHFE A}
|39 Th 24 S F 5= Millipore membrane filter
Al 2" %3] WhatmanAl (Maidstone, U.K.)2] nylon

Vol. 29, No. 1, 2016

membrane filter (0.2 pum)Z 3343 & 10 7+ &7]
3le] AFR-39th HP-5 MS 28-S Hewlett packard
AHCA, USA)ZHE 7945t

2.2. Gas chromatography-mass spectrometry

GC-MSD A] 282 Hewlett-Packard 6890N 7]A] =
2rtE 239} HP 5973N 2352171 S(a HP Hewlett-
Packard 3365 MSD Chemstation) AF8-3}ATh 28] 3L
Model 7683 series injector® -4 ¥ Hewlett-Packard
6890 Series 1 GC-MS A] 2~ (PA, USA)S ©] &34
t}. HP-5 ZH (30 mx 025 mm LD, 025 pm df)e
Agilent Technologies®l Al T Y3IATH LE2==
80°Coll A 4 %7+ FX]381aL 180 °C7HA] &7 5 °CH
F7HAFAAL 2L o] F 300 °C 7HA £ 3 °C¥ F7H
Zoem F 19 & % 2HAT. FUT E=
260 °CH L, o] 229 2%+ 230 °C, SlE o]~
SEE 300°CH T MSDE A&l A] 70 eVoll A
electron impact mode® 2F& F Atk %k 7|A| Q] &
F 1AY F452 08 mL/ming 2 A FE #ES F
AT TP 1 LAt (split HIE2 1:10). =7
W= m/z 50-5507}A] full scan mode= =7 &}
oximation-TMSZ A 8}ek & AEA| 2] YA
gRlskaith

o &

o] WhHe] FEAS Sl AREE WS Al ¥
F AEE Mg JAEgAFLNA FFEUT Fa4
At ALEE B AlEE 32% Aol X3
sodium citrate tube (54, A&, t&Rl=)e 233151
th % 4L 2 Aol AREE TL T A A
T AE AAEY FHE AAA XA 4%
AA o] FAL Aot A AR {714 B4 A3

7} ketosisE Hol= AAZ 4 5AT}.

232, HEEYW ZH|

-4 °C o]3t2 Y H#AE B-hydroxybutyric acid,
acetoacetic acid®] FFFS MEHEo 5o FEE
7} 1,000 g/mLZ ZA| 3} stock XT8N S
7HA] 20 °CollA B3I Stock EEEAS v
22 3H3ty F=E 77} 100 pgmlE ZA 51
working EF-&HS W7 B3 4 °C ol5t= Y
7 B #E 2-ketocaproic acid®] W ELEFS kS
o Ho] TEZ 27k 1,000 pg/mLE ZA 8+ stock
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234. F& ¥ #=HS

F7 100 pLofl IF-EFNS 10 pL7t8la 0.15 M
Ba(OH) 29} ZnS04-8-4-& Z+7F 500 pL 713+ & Ak
wl st} pHE 72 245 hydroxylamine HCI (1 mm/
mL) 500 uLE 7k 60 °CollA 30 7+ WH-SAIA
oximationd} A TF. o] A& 235 o HolAHo|ER
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A BE upe} ZHo] 7ol oximation-TMSE] ZF A&
o] w9 5 AR o]2& HS
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WEX] QF= o] &8 A o] 2(quantification ion, QIS =
AR, FEASE FAT ARA] T2 o] 9] Ay
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Table 1. Selected ions of ketone body for the determination

by GC-MS.

Compounds Retention time Quantification ion
3-hydroxy-butyrate 10.71 191, 233
Acetoacetate—1 12.05 231, 246
Acetoacetate—ox-2 12.95 246, 261
Acetoacetate—ox-3 13.67 246, 261

Table 2. Recoveries (%, MeantSD) of ketone body

Conc. Added (uL/mL)  RSD %
Compounds _
1 10 (n=3)
3-hydroxy-butyrate 923 + 6.8 948 +£5.2 6.3
Acetoacetate 882+75 895+£56 9.4
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Z M-15 o] 0] &9l o]0 7 333 thTuble 1). A AXAE B A TH(B-hydroxybutyric acid$} acetoacetic
Ak A3 AR o] A A8 acid). 80 EFEAE ket 42 BHAS A
& 87 el AEAE SARAE A1 7 SgEe] AL y=0928x+0.1015 (R?=0.9915)°] 23, acetoacetic
o A7 3P‘EE‘r(Table 1). amd«] AL y=0953x +0.0475 (R2=0.9892)°] AT},
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Fig. 2. Mass spectra of ketone bodies as oximation and trimethylsilyl derivatives. A; 3-hydroxy butyrate, B; acetoacetate-
1, C; acetoacetate-2.
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Fig. 3. GC-MS/SIM chromatograms of ketone bodies. A; control plasma B; abnormal plasma with ketosis.

o 2 7HA] g A EH tiste] s FAg e B
Atk AEeA= 0.1 pg oI BHFSA = 1 pg ©l
Atk % ¥ BHBY H+ IFE&2(n=3) | pgml,
10 pg/mLolA ZHzt 923, 94.8 % 3L, acetoacetate®]
o 35E&2m=3) | pg/mL, 10 ug/mLo| A Z+z} 882,
89.5 %% UZ3IATHIuble 2). Lwrd o g 238y
E;Hoi 74}\}.61- _’_ Q _,] O%_Q_ H—IO]‘_60%
oo R HuEN ot uphA AjZeo] siEE 2 &
A o) slege 23 B At BA4S 9S8 A
Aol AR-3710f S5k &-8 1 9] ol £33t

BE tjateld ks o= vAdAQl tiAE
< A<l vlE) v &SRR 2 A
H A& 9 JFSA7E f-851A F
 AtKTable 3). AEA 2 3zo] 7
BHBS F%=E 3276 mmoL/LE A4

Table 3. Quantification of ketone bodies in control plasma
and abnormal plasma with ketosis (unit : mmol/L)

Concentration Found Normal
Compounds

Control Ketosis range
B-hydroxy-butyrate 0.076 3.276 0.05-0.015
Acetoacetate 0.093 0.861 0.05-0.30
B-hydroxy-butyrate/ 0.817 3.805 <10
Acetoacetate
mmoL/L)E A33] Hoj%t o acetoacetate] FEE

0.861 mmoL/LZ 4 9](<0.3 mmoL/L)S 2% Wl
ojyrom AEA 2l H| 2l BHB/acetoacetate= 3.805F
A <1E WA Hojd AiE BHof AEA
27} S elA EAEE AT 5= A TH(Table 3).
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