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Analysis of new-generation neurosteroids in brain by LC/MS/MS coupled to
derivatization with ESI-enhancing and deuterium-labeling reagents

HIGASHI, TATSUYA
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Qualitative and quantitative analyses of new-generation neurosteroids (NSs),
such as androgens and bile acids, can contribute to the discovery and development of new
antipsychotic agents and therapy for psychiatric disorders targeting neurosteroidogenesis. In this
study, novel LC/MS/MS assays coupled to derivatization with the ESI-enhancing and deuterium-labeling

reagents were developed. Using the developed method, we demonstrated the possibility that

mianserin and mirtazapine elevate the brain allopregnanolone concentration and have anxiolytic
effects. Three unconjugated bile acids (BAs), including chenodeoxycholic acid, were identified and
guantified as the major BAs in the rat brain. Based on the comparison with their serum levels, we
found that most BAs in the brain are derived from the periphery and the major mechanism for the
transportation of the unconjugated BAs to the brain is the passive diffusion.

ESI LC/MS/MS



(AP)
GABA,

(NS)

NS

NS

NS

NS

(LC/ESI-MS/IMS)

NS

NS

1) 2)
LC/ESI-MS/MS
(EDR)
NS

NS

) [
(5a -

NS

ES

EDR
LC/ESI-MSMS

(M

DHT)] D

EDR LC/ESI-MS/MS
NS
(
)
NS ESI
EDR
LC/ESI-MSIMS
NS
2
«y
EDR
AP
NS
Q) @ EDR
25- D3 [25(0H)D;
]
D
4 @ EDR
(CA)
(CDCA)
(DCA)
(1) EDR HMP
*Hy-HMP D
DAPTAD 2H4-’H,-"He-DAPTAD
DAPPZ ’H,-DAPPZ
EDR NS ESI-MSMS
2 3 fmol
pmol LC
(2 HMP  ?HzHMP
LC/ESI-MS/MS
(T DHT)
AP



NS

3 @ AP

selective brain steroidogenic stimulant (SBSS
AP

)
(FLX )
(CLZ )
(HLP )
(SLP )
( ) Wistar
( n=3) 60
FLX CLZ
AP
HLP SLP
AP
SBSS
4 SBSS
(oLz
) (MAS)
(MRT) ( ) SBSS
2 SBSS
CLZ OLZ
SBSS
SBSS CLZ OLZ MAS  MRT
( )
©) D
DAPTAD 2H,-DAPTAD
D
25(0H)D;
DAPTAD
D
25(0H)D,4
D
DAPTAD
’H,-DAPTAD 2He-DAPTAD 3 EDR
25(0H)D,
D
DAPTAD
DEAPTAD
(6) EDR
DAPPZ 2H,-DAPPZ

LC/ESI-MSMS

CA CDCA
DCA
( )
CDCA
NS
v
-

10

S. Ogawa, S. Ooki, K. Shinoda, T. Higashi:
Analysis of urinary vitamin D; metabolites by
liquid chromatography/tandem mass
spectrometry with ESl-enhancing and stable
isotope-coded derivatization, Analytical and
Bioanalytical Chemistry, , 406,
2014, 6647-6654, doi:
10.1007/s00216-014-8095-y.
T. Higashi, N. Aiba, T. Tanaka, K. Yoshizawa,
S. Ogawa: Methods for differential and
quantitative analyses of brain neurosteroid
levels by LC/MS/MS with ESI-enhancing and
isotope-coded derivatization, Journal of
Pharmaceutical and Biomedical Analysis,

, 117, 2016, 155-162, doi:
10.1016/j.jpba.2015.08.040.
T. Higashi, K. Yamagata, Y. Kato, Y. Ogawa,
K. Takano, Y. Nakaaze, T. Iriyama, J. Z. Min,
S. Ogawa: Methods for determination of
fingernail steroids by LC/MS/MS and
differences in their contents between right and
left hands, Seroids, , 109, 2016,
60-65, doi: 10.1016/j.steroids.2016.02.013.
S. Ogawa, H. Kittaka, K. Shinoda, S. Ooki, A.
Nakata, T. Higashi: Comparative evaluation
of new Cookson-type reagents for
LC/ESI-MS/MS assay of 25-hydroxyvitamin
D; in neonatal blood samples, Biomedical
Chromatography, , 30, 2016,
938-945, doi: 10.1002/bmc.3633.
T. Higashi, M. Yokota, A. Goto, S. Ogawa, K.
Komatsu, T. Sugiura, M. Satoh, F. Nomura: A
method for simultaneous determination of
25-hydroxyvitamin D; and its 3-sulfate in
newborn plasma by LC/ESI-MS/MS after
derivatization with proton-affinitive
Cookson-type reagent, Mass Spectrometry



(Tokyo), , 5, 2016, S0051, doi:
10.5702/massspectrometry.S0051.
M. Satoh, T. Ishige, S. Ogawa, M. Nishimura,
K. Matsushita, T. Higashi, F. Nomura:
Development and validation of the
simultaneous measurement of four vitamin D
metabolites in serum by LC/MS/MS for
clinical laboratory applications, Analytical
and Bioanalytical Chemistry, , 408,
2016, 7617-7627,
do0i:10.1007/300216-016-9821-4.
T. Higashi, S. Ogawa: Chemical
derivatization for enhancing sensitivity during
LC/ESI-MS/MS quantification of steroids in
biological samples: a review, Journal of
Seroid Biochemistry and Molecular Biology,
, 162, 2016, 57-69, doi:

10.1016/j.jsbmb.2015.10.003.
T. Higashi, S. Ogawa: Isotope-coded
ESlI-enhancing derivatization reagents for
differential  analysis, quantification and
profiling of metabolites in biological samples
by LC/MS: a review, Journal of
Pharmaceutical and Biomedical Analysis,

, 130, 2016, 181-193, doi:
10.1016/j.jpba.2016.04.033.
S. Ogawa, H. Kittaka, A. Nakata, M. Satoh, F.
Nomura, T. Higashi: Enhancing analysis
throughput, sensitivity and specificity in
LC/ESI-MS/MS assay of plasma
25-hydroxyvitamin D; by derivatization with
triplex DAPTAD isotopologues, Journal of
Pharmaceutical and Biomedical Analysis,

, 136, 2017, 126-133, doi:
10.1016/j.jpba.2016.11.030.
T. Higashi, K. Shimada: Application of
Cookson-type reagents for biomedical HPLC
and LC/MS analyses: a brief overview,
Biomedical Chromatography, , 31,
2017, e3808, doi: 10.1002/bmc.3808.

16
LC/ESI-MS/MS

39
2014 10 16

( )

__ ESI
D; LC/MS/MS
39

2014 10 17
( )

ESI

135 2015 3 27
( )

ESI
LC
135
2015 3 27 (
)
40
2015
9 18 (
)
ESI
26 2015
11 11
( )
ESI
26
2015 11 11
(
)
ESI
LC/MS/MS
136 2016 3 28
( )
LC/ESI-MS/MS
D
64 2016
5 19 (
)
__ DAPTAD
25-hydroxyvitamin Dj
LC/ESI-MS/MS
29
2016 9 2
( )
29
2016 9 2
( )
LC/ESI-MS/MS
25-hydroxyvitamin
D;
65 2016 9 14
( )



(1

2

)

“4)

Cookson ESI-MS/MS
65 2016 9 16
( )
ICD-LC/ESI-
MS/MS
137 2017 3 27
( )
Cookson
7-dehydrocholesterol
ESI-MS
137 2017 3 27
( )
LC/ESI-MS/MS
2017 3

27

137

HIGASHI TATSUYA

90272963



