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Importance of histamine metabolizing enzyme in the brain

Yoshikawa, Takeo
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Histamine acts as a neurotransmitter in the central nervous system. In this
study, | examined the importance of a histamine metabolizing enzyme for brain functions. | revealed
the essential role of this enzyme in the regulation of brain histamine and the contribution to brain

functions such as sleep-wake cycle and aggression. Previous reports showed that brain histamine
concentration was decreased in various brain diseases. Thus, | tried to develop new inhibitors
against the histamine metabolizing enzyme to increase brain histamine concentration. I have
confirmed that several compounds have sufficient inhibitory effects on the histamine metabolizing
enzyme.



M X C—19,. F—19—1, Z2—19,

1. WFERHMA YW DO R

b AX I UINIMAN THRIEEDE L LT
BERE L T\ 5, R NEBlotiikZ o e X
H 2RI TN A AR O ph AR HE A
e U, BEIRTEEY A 27 L OFIE0FE - i
B, A ML RANER EDAEBBEREAHI LT
W5, BEEZAWEERTIZ, M E X4
IUREIHT S LT, RIERIETOARL
FRATEN 72 E 5% < OITEN R E BN BIE S D,
Mo T MR ERAZ I VEERZHMESES
TN RE D EIT DR N B A EEE A
B2 BID, MRS IEYE O Z B
SELHREIC, T VT T AREHIET S
ZEE, TARFH IR RTINS
HhbinTnwadZenbb, BOTHEDTH
HrEZOBND, LL, MNEAZX IO
PRERE IR O E £ T, b AF I Uk
DO RERFREE L THERINLTVW .,

2. Mo HMN

FTrxlzexxa I o R@EtBETH D
histamine N-methyltransferase (HNMT) [Z3% H
L7, T, HNMT &1 O LA L i
PRI R & OBHENME STV D, ik
PEABIZEBIT D HNMT OEENZ W TIHA
DEETHD, T TRMFETITHEEET L
BT HNMT % K8 &8 RRE B D
JETBICISIT D5 HNMT O&E|Z M+ 5, £
7% OFRMRERICBWVWTE A I
BEEOKTNAELTWSZ LS, HNMT i
EARIIE RAX I VREEMNE L5 LHK
R BRI L LT T & % alREdER
Ezbivb, LoL, fFEHZ HNMT [HE
FITd 5 SKFI1488 ILHMBATIEN 72 < . K
WOE AX I VRELRZTHE T2 2 & 13K
HETdH o7, F72 Metoprine 72 & HHIEITIE
AT % HNMT [HEANIL, HNMT (2545
HPEMENZ ERFRECH -T2, £ TH
WBATHEO @ <. FRRMEO EWHTH HNMT
PR ZRRE L, B REDOHIE~L D7
FTWEZWEE T2,

3. WOk

AW TIEHFR A RIE RIZE T 5 HNMT
DEENZHLNCTHZ L, BIOTRBIT
P HNMT fHEHZ A+ 2 2 & LT

I/\éo
(1) JREET L~ A& f\Wiz HNMT
DEEREMEAT

NR—=F L  FEDOET I~ T ATEBWT
HNMT % K8 &, ik raofigtr, E3
FROMRNT, ITENERBRRAOMNT 21T\ ARG
REIZEIT D HNMT BXLUE R ¥ I VR0
H & kIR,

(2) FHEEATM: HNMT PLER DR

HEE A 138 Y08 2 FE 12 L7 HNMT [H
BHIDODAT ) —= TV AT A& LT
BY . KEORIEE - EREFIRPFEE 2T ¥
—DYR—F&%F, by MeaWzr AT,

CK—19 (Jtm@)

Z D, FHEZLIRT IS THHE AW ORI 217
2

o

4. WFFERRSE:

(1) JREETTL~T A& H= HNMT
DOREREMEAT
REMER—F LV URET AT ATH
% 60HDA # 5.~ v 2 & W TN 217> 1=,
BARI< 7 AB IO HNMT /v 77 U b~
7 A2 60HDA % #% 5. L, & OFRB % fif T
L7, THRFENT 4 212 & D rotational
behavior ZFMEL7-& 2 A, AR~ R L
iz L, HNMT / v 7 7 v b~ 7 A2 TlidElz
HWENRR > TWAZ ERHALMNE Tz,
FD®H, HNMT / v 77 7 b~ RZBIT
HMANE AH I VRE EFII A%
JHOFERICHGE L TWAHAREME L E X bR
7.

(2) TRBITIE HNMT FHEA OZRR
EFFHRIEKRFOaT I T TV —Z2 AW
T—WRAZ V== T %4707, £TIERE
PEDOFED L2 150 {LEWITEEZRE LT,
T D%, HHMEOMER SN 50 (LAY EFE
@R U HPLC Z AW 2R A7 ) —=0 7
ZITo T, F ORGSR, BEFFE TH H SKF91488
LU B 1IC50 ZFEAbEWH A Sz
(K1),

ICgp (uM)

# No.28 11.24

100d et ¢ = No. 31 3.40
° ° 4 No.35 1.27
g v No.50 7.39
@ ¢ No.69 10.28
2 5l o No.86 7.68
E + SKF91488  3.65

AR S B

compound( log[pM] )
B 1: A7V —=2 72 CHRI &7z HNMT
B A 0> 1C50 fif

o

INGDIEME~ D AERENE S L, M
Wk RAZ I UREIZOW Tl Z T 72, £
TIUAEY =3 — FEERL T, EAX IV
EEBLIOE ZZI VRBMEWTHD 1-4
FIb AZ I BE HPLC A AW THIEL
oo TOREE. ALAMXICEY, EXZ IV
TEEERHEIML, 1-AF L b 22 I U
HZENHLNE o Tz, M A X I
22T in vivo microdialysis 75 % F U C
WELZEZA LAY X 1T X 0 fifaste 2
FIvENENTAZ ELRENT, [Eo T,
IbEY X X ITIEE A+ 58 HNMT
EXTHD EEZLNE, 5%, Z0/d
MERNCREEOREREZITO L L bic, M
EIEESCEKDEBREL S E LY — FMEEaY
FZRAHLTWEEWnWEEZ TS,



5. TR IE
(WFZERFRAE . WFFEr A S ONEEERFE# (1
=)

GEeEamsc) B 11 1)
1) Karpati A, Yoshikawa T*, Nakamura T,
Iida T, Matsuzawa T, Kitano H, Harada R,

Yanai K. Histamine elicits glutamate release
from cultured astrocytes. J Pharmacol Sci
2018 doi: 10.1016/j.jphs.2018.05.002 77

(in press) (*: corresponding author)

2) Matsuzawa T, Yoshikawa T*, lida T,

Karpati A, Kitano H, Harada R, Nakamura T,
Sugawara A, Yamaguchi Y, YanaiK.
Heparan sulfate in pancreatic f-cells
contributes to normal glucose homeostasis
by regulating insulin secretion. Biochem
Biophys Res Commun 499: 688-695, 2018
(*: corresponding author) doi:
10.1016/j.bbrc.2018.03.213 7t

3) Aoki S, Saito-Hakoda A, Yoshikawa T,
Shimizu K, Kisu K, Takagi K, Mizumoto S,
Yamada S, Kuppervelt T, Yokoyama A,
Matusaka T, Sato H, Ito S, Sugawara A. The
reduction of heparan sulphate in the
glomerular basement membrane does not
augment urinary albumin excretion. Nephrol
Dial Transplant 33:26-33, 2018 doi:
10.1093/ndt/gfx218 At

4) Naganuma F, Nakamura T, Yoshikawa T*,

lida T, Miura Y, Karpati A, Matsuzawa
T, Yanai A, Mogi A, Mochizuki T, Okamura
N, Yanai K. Histamine N-methyltransferase
regulates aggression and the sleep-wake
cycle. Sci Rep 7: 15899, 2017 (*:
corresponding author) doi:
10.1038/s41598-017-16019-8 # Hii

5) Inoue S, Takahara S, Yoshikawa T, Niihori

T, Yanai K, Matsubara Y, Aoki Y. Activated
Braf induces esophageal dilation and gastric
epithelial hyperplasia in mice. Hum Mol
Genet.  26:  4715-4727, 2017  doi:
10.1093/hmg/ddx354 A Fe A

6) Yanai K, Yoshikawa T*, Yanai A,

Nakamura T, Iida T, Leurs R, Tashiro M.
The clinical pharmacology of non-sedating
antihistamines. Pharmacol Ther. 178:
148-156, 2017 (*: corresponding author) doi:
10.1016/j.pharmthera.2017.04.004 7 &t %

7) Kishimoto Y, Asakawa S, Sato T, Takano T,

Nakajyo T, Mizuno N, Segawa
R, Yoshikawa T, Hiratsuka M, YanaiK,
Ohtsu H, Hirasawa N. Induced histamine
regulates Ni elution from an implanted Ni
wire in mice by downregulating neutrophil
migration. Exp Dermatol. 26: 868-874, 2017
doi: 10.1111/exd.13315 #7¢

8) Yoshikawa T* and Yanai K. Histamine

clearance through porlyspecific transporters
in the brain. Handbook Exp Pharmacol 241:
173-187, 2017 (*: corresponding author) doi:
10.1007/164_2016_13 75 i i

9) Miura Y, Yoshikawa T*, Naganuma F,

Nakamura T, lida T, Karpati A, Matsuzawa
T, Mogi A, Harada R, Yanai K.
Characterization of murine polyspecific
monoamine transporters. FEBS Open Bio 7:
237-248, 2017 (*: corresponding author) doi:
10.1002/2211-5463.12183 %t

10) lida T, Yoshikawa T*,  Karpati A,
Matsuzawa T, Kitano H, Mogi A, Harada R,
Naganuma F, Nakamura T, YanaiK.
JNJ10181457, a histamine H3 receptor
inverse agonist, regulates in vivo microglial
functions and improves depression-like
behaviours in mice. Biochem Biophys Res
Commun. 488: 534-540, 2017 (*:
corresponding author) doi:
10.1016/j.bbrc.2017.05.081 FFHA

11) Harada R, Furumoto S, Yeoshikawa T,
Ishikawa Y, Shibuya K, Okamura N,
Ishiwata K, Iwata R, Yanai K. Synthesis and
Characterization of 18F-Interleukin-8 Using
a Cell-Free Translation System and
4-18F-Fluoro-1-Proline J Nucl Med 57:
634-639, 2016 doi:
10.2967/jnumed.115.162602 25

(&) Gt 19 1)

1) REE N, FIHER. vHN— =,
b RAZ I 3 BSREA L N—AT IT=R
MIIZaZ U THREZIIH L 5 SREITHE)
EUWET D, Bl HARE AX I R 2
0174

2) FIHERR . SR L, RIEEE,
HATIEML, FEFAMEIT. BAN—Z, N e 2 ¥
AR R O 22 B 13 H2 AR AT L
TV ADOKELEZENSES, %39 FA
AR FHIREMESFS - 85 47 [B] B AR
PREEH P BRI S, 2017 4R

3) RS R, F)IOBERR L AT (B1T.
EAZIVNAFILENT VAT 2T7—FD
in vivo FERERRAT. 25 68 [F] H AFEBLEAALER
£ 2017 4F

4) H)IRERA . SR H &, AR,
ZIHRF, FATER, N2 BRICE
B~ T RO EENZOWT, 5 68 [H]
H AR 2 b, 2017 4

5) BHF, HAEN, SR, &
YH SR B % Y Karpati Aniko, FAVEIRER,
LB, ILNERE, MAET., AN,
W AR SE O BRI RMER I8 T D e A ¥
UK ROEE] F 68 Al H ARFEH L
W, 2017 4

6) FIIHEBA . K< e AF V48
O, %5 60 [A] H AP beas, 2017 4F

7) SR, FIIHER . FAEDL,



RN—Z, I/ ) THEICKITS e A
T UOEEME, B 40 Bl B AR RS
2017 4
8) E)NHERR . =K, AR A,
BHN—Z, ¥ A OCT2, OCT3, PMAT ®
FERERFAT. 28 12 [A] b T o AR —F —HF5E4E
2. 2017 47
9) T Nakamura, T Matsuzawa, M
Mogilevskaya, A Mogi, T Yoshikawa, F
Naganuma, N Okamura, K Yanai ., THE
EFFECT OF H3 RECEPTOR ANTAGONIST
ON NEUROPATHIC PAIN, Histamine 2017,
2017 4
10) BIBER | ARRILES, SR B,
Maria Mogilevskaya, FHATIEML., BHHN—,
PP EMRICA D 8 A ¥ I H3 A
RAEHEE DN R 5 90 [A] HASEB s dE 2 |
2017 4
11) HIHR ., vHN—Z. BREKET
oI TR ZEMNTEMNE A Z
Y7 VT T AROMEHL G 90 (8] B AR
FRAES 2017 4R
12) Aniko Karpati, & JII #EBA . FAFIEM,
RS, RAESL, A —Z. Histamine
induced gliotransmitter release from cortical rat
astrocytes, 2 90 [l A ARFEBL S 2017
&£
13) B, HAER., F)IHER. &
TH SR B % Y, Karpati Aniko, FAVEIRER,
B, MAMET. fN—Z. TAT LT
VIRRRIC BT D e A I URBIROEE, B
90 [A] H AR A RAFE R 2017 4F
14) AERIRER, BHHER . HRIEDL,
BN—Z, BB HIRIZ I T 2~ 3T U hilk L
A LAY O WSORE DR VEHERFICEHE T
BB, 90 [a] HASKB SRS 2017 4
15) Takeo Yoshikawa, Fumito Naganuma,
Tadaho Nakamura, Takatoshi Mochizuki,
Tomomitsu Iida, Aniko Karpati, Takuro
Matsuzawa, Kazuhiko Yana, Importance of
histamine N-methyltransferase in brain functions,
%5 39 [A] H AR R 2 | 2016 4R
16) Aniko Karpati, Takeo Yoshikawa,
Tadaho  Nakamura, @ Fumito  Naganuma,
Tomomitsu Iida, Yamato Miura, Kazuhiko
Yanai, Astrocytes elevate glutamate release in
response to histamine . 2§ 39 [5] A ARfhRFlF
2. 2016 4F
17) KAVBHGRR, Mogilevskaya Maria, &
JIUBERA . TAIEP, BN —Z, MitkEEE
FEIRICBIT 2 e A% v 3 BIZREROEE
[ZOWT, B 67 Bl A A b=
2016 4
18) Tadaho, Nakamura, Takeo
Yoshikawa, Fumito Naganuma, Tomomitsu lida,
Aniko Karpati, Toru Tamii, Nobuyuki Okamura,
Kazuiko Yanai, Electroencephalogram of H1KO
mice under isoflurane anesthesia. European
Histamine Research Society 45th annual
meeting . 2016 4F

19) Fumito Naganuma, Takeo Yoshikawa,
Tadaho Nakamura, Kazuhiko Yanai, Histamine
N-methyltransferase is important for the normal
sleep-wake cycles and aggression through the
regulation of brain histamine concentration. 30th
CINP world congress of
neuropsychopharmacology. 2016 4

(XF) Gt 0fh)
(PE 26 M PEAE)
OmERd Gt o)

LAY N
FEWE
HERIF
FE¥HE -
&
HFEFEA R -
EPS DR

OWfsiRdt G o)

SRR
FEWE
HERIF
FHAE -
&
IEFAH
E N DRI

(£ Dfh)
R— LR—

6. WFFEAHAR

(OAFgEREE

H)Il HEBR (Yoshikawa Takeo)

WALKSY: « REPelE R P50 R - %
oeEH 5 : 70506633

Q)R FE s E
L ( )

s ES

Q) HEERF TR
2L ( )

s ES

(DWFTeth &
2L ( )



