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Chem. Pharm. Bull., 68, 818-821 (2020)

Synthesis and Evaluation of FICA Derivatives as Chiral Derivatizing Agents

Tomoyo Kamei (£ %), * Tamiko Takahashi (&% 7= 7+ 1),  Hiroyuki Teramae,

Jyunichi Kovyanagi (Z/DHIJIE—) « *

“ Faculty of Pharmaceutical Sciences, Josai International University; 1 Gumyo, Togane,
Chiba 283-8555, Japan
b Faculty of Science, Josai University; 1-1 Keyakidai, Sakado, Saitama 350-0295, Japan.

1-Fluoroindan-1-carboxyic acid (FICA) derivatives containing a monosubstituted benzene
ring were synthesized as their methyl esters and their potential as chiral derivatizing agents
was assessed by both 'F and 'H NMR spectroscopy. Introduction of a substituent at the
4-position in the benzene ring caused a 1.2-2 fold increase in Adr values when compared
with that of FICA. This increase was investigated using a correlation model for '"F NMR
and by the order of the stability of the synperiplanar and antiperiplanar conformers of the

(R,S) and (S,S) diastereomers from the Gibbs's free energy at 298.15 K.
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Xenobiotica, 50, 783-792 (2020)

A metabolic pathway for the prodrug nabumetone to the pharmacologically
active metabolite, 6-methoxy-2-naphthylacetic acid (6-MNA) by non-cytochrome

P450 enzymes

Kaori Matsumoto, Tetsuya Hasegawa, Kosuke Ohara, Chihiro Takei, Tomoyo Kamei ( BIFELN),
Jyunichi Koyanagi (/NI —), Tamiko Takahashi (1% 7= % 1), and Masayuki Akimoto

The pathway for the transformation of the prodrug nabumetone, 4-(6-methoxy-
naphthalen-2-yl)butan-2-on, to the active metabolite 6-methoxy-2-naphthylacetic acid
(6-MNA), a potent cyclooxygenase-2 inhibitor, has not yet been clarified in humans.

To confirm the activation pathway, authentic standards of the nabumetone inter-

mediates, 2-(6-methoxynaphthalen-2-yl)ethyl acetate (6-MNEA), 2-(6-methoxynaphthalen-2-yl)
ethan-1-ol (6-MNE-ol) and 2-(6-methoxynaphthalen-2-yl) acetaldehyde were syn- thesized.
High performance liquid-chromatography and gas chromatography-mass spectrometry on
nabumetone oxidation revealed the generation of three metabolites.

The formation of 6-MNA after a 60-min incubation of nabumetone was detected
and6-MNE-ol, an alcohol-related intermediate, was also generated by in cryopreserved
hepatocytes. However, 6-MNA was below detection limit, but 4-(6-methoxynaphthalen-2-yl)
butan-2-ol (MNBO) and 4-(6-hydroxynaphthalen-2-yl) butan-2-one (M3) peak were found
in both the microsomes and S9 extracts with any cofactors.

Nabumetone has recently been proposed as a typical substrate of flavin-containing
monooxygenase isoform 5 (FMOS5) and was shown to be efficiently oxidized in vitro to
6-MNEA. 6-MNA was detected in the extract obtained from a combined incu- bation of
recombinant FMOS5 and S9 fractions.

The specificity of FMOS5 towards catalyzing this Baeyer-Villiger oxidation (BVO) was
demonstrated by the inhibition of the BVO substrate, 4-methoxyphenylacetone. Further in
vitro inhibition studies demonstrated that multiple non-cytochrome P450 enzymes are

involved in the formation of 6-MNA.
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Xenobiotica, 51, 155-166 (2021)

Role of human flavin-containing monooxygenase (FMO) 5 in the metabolism of
nabumetone: Baeyer-Villiger oxidation in the activation of the intermediate
metabolite, 3-hydroxy nabumetone, to the active metabolite,

6-methoxy-2-naphthylacetic acid in vitro

Kaori Matsumoto, Tetsuya Hasegawa, Kosuke Ohara, Tomoyo Kamei (% % 1%),

Jyunichi Koyanagi (/IMIllJli—), and Masayuki Akimoto

Faculty of Pharmaceutical Sciences, Josai International University; 1 Gumyo, Togane,
Chiba 283-8555, Japan

Nabumetone (NAB) is a non-steroidal anti-inflammatory drug used clinically, and its
biotransformation includes the major active metabolite 6-methoxy-2-naphthylacetic acid
(6-MNA). One of the key intermediates between NAB and 6-MNA may be 3-hydroxy
nabumetone (3-OH-NAB).

The aim of the present study was to investigate the role of flavin-containing
monooxygenase (FMO) isoform 5 in the formation of 6-MNA from 3-OH-NAB. To elucidate
the biotransformation of 3-OH-NAB to 6-MNA, an authentic standard of 3-OH-NAB was
synthesized and used as a substrate in an incubation with human liver samples or
recombinant enzymes.

The formation of 3-OH-NAB was observed after the incubation of NAB with various
cytochrome P450 (CYP) isoforms. However, 6-MNA itself was rarely detected from NAB
and 3-OH-NAB. Further experiments revealed a 6-MNA peak derived from 3-OH-NAB in
human hepatocytes. 6-MNA was also detected in the extract obtained from 3-OH-NAB by a
combined incubation of recombinant human FMOS5 and human liver S9.

We herein demonstrated that the reaction involves carbon-carbon cleavage catalyzed by
the Baeyer-Villiger oxidation (BVO) of a carbonyl compound, the BVO substrate, such as a
ketol, by FMOS. Further in vitro inhibition experiments showed that multiple non-CYP
enzymes are involved in the formation of 6-MNA from 3-OH-NAB.
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Xenobiotica, 51, 155-166 (2021)

Role of human flavin-containing monooxygenase (FMO) 5 in the metabolism of
nabumetone: Baeyer-Villiger oxidation in the activation of the intermediate
metabolite, 3-hydroxy nabumetone, to the active metabolite,

6-methoxy-2-naphthylacetic acid in vitro

Kaori Matsumoto (fAA7)>35 V), Tetsuya Hasegawa (E 42 )11 #741), Kosuke Ohara,

Tomoyo Kamei, Jyunichi Koyanagi, and Masayuki Akimoto (fk CH2)

Nabumetone (NAB) is a non-steroidal anti-inflammatory drug used clinically, and its
biotransformation includes the major active metabolite 6-methoxy-2-naphthylacetic acid
(6-MNA). One of the key intermediates between NAB and 6-MNA may be 3-hydroxy
nabumetone (3-OH-NAB).

The aim of the present study was to investigate the role of flavin-containing monooxygenase
(FMO) isoform 5 in the formation of 6-MNA from 3-OH-NAB. To elucidate the
biotransformation of 3-OH-NAB to 6-MNA, an authentic standard of 3-OH-NAB was
synthesized and used as a substrate in an incubation with human liver samples or recombinant
enzymes.

The formation of 3-OH-NAB was observed after the incubation of NAB with various
cytochrome P450 (CYP) isoforms. However, 6-MNA itself was rarely detected from NAB
and 3-OH-NAB. Further experiments revealed a 6-MNA peak derived from 3-OH-NAB in
human hepatocytes. 6-MNA was also detected in the extract obtained from 3-OH-NAB by a
combined incubation of recombinant human FMOS5 and human liver S9.

We herein demonstrated that the reaction involves carbon-carbon cleavage catalyzed by
the Baeyer-Villiger oxidation (BVO) of a carbonyl compound, the BVO substrate, such as a
ketol, by FMOS. Further in vitro inhibition experiments showed that multiple non-CYP
enzymes are involved in the formation of 6-MNA from 3-OH-NAB.
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Xenobiotica, 50, 783-792 (2020)
A metabolic pathway for the prodrug nabumetone to the pharmacologically
active metabolite, 6-methoxy-2-naphthylacetic acid (6-MNA) by non-cytochrome

P450 enzymes

Kaori Matsumoto (FAZA7)>%5 1), Tetsuya Hasegawa (43113 H1), Kosuke Ohara, Chihiro Takei,

Tomoyo Kamei, Jyunichi Koyanagi, Tamiko Takahashi, and Masayuki Akimoto (Fk CH.2)

The pathway for the transformation of the prodrug nabumetone, 4-(6-methoxy-naphthalen-2-yl)
butan-2-on, to the active metabolite 6-methoxy-2-naphthylacetic acid (6-MNA), a potent
cyclooxygenase-2 inhibitor, has not yet been clarified in humans.

To confirm the activation pathway, authentic standards of the nabumetone inter-mediates,
2-(6-methoxynaphthalen-2-yl)ethyl acetate (6-MNEA), 2-(6-methoxynaphthalen-2-yl)
ethan-1-ol (6-MNE-ol) and 2-(6-methoxynaphthalen-2-yl)acetaldehyde were syn-thesized.
High performance liquid-chromatography and gas chromatography-mass spectrometry on
nabumetone oxidation revealed the generation of three metabolites.

The formation of 6-MNA after a 60-min incubation of nabumetone was detected
and6-MNE-ol, an alcohol-related intermediate, was also generated by in cryopreserved
hepatocytes. However, 6-MNA was below detection limit, but 4-(6-methoxynaphthalen-2-yl)
butan-2-ol (MNBO) and 4-(6-hydroxynaphthalen-2-yl) butan-2-one (M3) peak were found in
both the microsomes and S9 extracts with any cofactors.

Nabumetone has recently been proposed as a typical substrate of flavin-containing
monooxygenase isoform 5 (FMOS5) and was shown to be efficiently oxidized in vitro to
6-MNEA. 6-MNA was detected in the extract obtained from a combined incu-bation of
recombinant FMOS5 and S9 fractions.

The specificity of FMOS5 towards catalyzing this Baeyer-Villiger oxidation (BVO) was
demonstrated by the inhibition of the BVO substrate, 4-methoxyphenylacetone. Further in
vitro inhibition studies demonstrated that multiple non-cytochrome P450 enzymes are

involved in the formation of 6-MNA.
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Journal of Pharmaceutical Investigation, 50, 71-79 (2020)

Roles of CYP2C9 and its variants (CYP2C9*2 and CYP2C9*3) in the metabolism
of 6-methoxy-2-napthylacetic acid, an active metabolite of the prodrug

nabumetone

Kaori Matsumoto (fA 4725 V), Tetsuya Hasegawa (4113 #1), Kosuke Ohara,
Chihiro Takei, and Masayuki Akimoto (Fk T HE )

Nabumetone is a prodrug, used as an anti-inflammation agent and having the active
metabolite 6-methoxy-2-naphthylacetic acid (6-MNA). The role of the polymorphic enzyme
responsible for the 6-O-demethylation of 6-MNA to 6-hydroxy-2-naphtylacetic acid
(6-HNA) was studied using recombinant cytochrome CYP2C9 microsomes (CYP2C9.1,
CYP2C9.2 and CYP2C9.3) and human liver microsomes of known genotypes of CYP2C9.
Utilizing recombinant CYP2C9.1, Vyar and Via/ K,y values of 6.3 = 3.3 pmol/min/pmol P450
and 12.4 +4.7 nL/min/pmol P450, respectively, were obtained for the 6-MNA metabolism,
and were almost similar to those in CYP2C9.2. In contrast, the V},./K, value in recombinant
CYP2C9.3 was about one-third that of CYP2C9.1. In kinetic studies using liver microsomes
of humans genotyped for the CYP2C9 genes, a sample genotyped as *3/*3 revealed about 4-
to 6-fold lower intrinsic clearance for 6-HNA formation than did samples genotyped as
*1/*1. No appreciable differences were observed in kinetic parameters for 6-HNA formation
in *//*2 and *1/*3, while *2/*2 microsomes was comparable to wild type microsomes. In
addition, S-warfarin 7-hydroxylation by recombinant CYP2C9.1 and CYP2C9.3 was
inhibited by 6-MNA in a mixed manner. The apparent Ki value of 6-MNA on S-warfarin
7-hydroxylation by CYP2C9.3 was higher than that by CYP2C9.1. These results may
provide valuable information for optimizing the anticoagulant activity of warfarin when

nabumetone is co-administrated to patients.
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1 9 5iE ZE nabumetone D EYM R BHICETHHER

AN D

F &

MBI BN T, i r Rt X i PR E & Aok mr 2 e T 5 EE
RNFTH L. WIRB S TR S5 EES QKRN D O KT, REBEDK 70%
G5 (1] £, —MRICEKRAICHE L 722 2 B AR O R ITEDREHHIZ
Xa2boThHY (2], EWHEIEMZ TR - [BHEES 5 72 O IIXEE S O REH RSz
HOMBLRET DI ENUETHD.

AT A FHEHLRIESRE (NSAIDs) Téd 5 nabumetone [4-(6-methoxynaphthalen-
2-yl)butan-2-one] 1%, WHALERIEH O A B & LIEIE@MED 70 KT v 7 Th
% . Nabumetone (TN THEFER D 4 (O KFF T O 2 HORFDPEELAIICERE S
AV TIEMER 6-methoxy-2-naphthylacetic acid (6-MNA) [CA#L S CHE Y Z KFET 5.
6-MNA Il A F /L1t & 41T 6-hydroxy-2-naphthylacetic acid (6-HNA) & 72> TRIE
L, —#ixssicima ez CRPICHEM D (Fig. 1) [3]. & MIiZ
"*C-nabumetone Z itk N # G L7456, 48 R LAWNICH TR OK) 70%08 R I PRt &
, RPREDOK 58%03 6-MNA & 6-HNA BL O ZN L DGR TH > 72 2 L
wEShTnws [3].

%72, nabumetone |% 6-MNA (TiEMAL SN DR LISMNT, RFEEHFT O ~ops 2
T L 3 — LT HR IE S 4L 4-(6-methoxynaphthalen-2-yl)butan-2-0l (MNBO) & 72 % JEI%
PEALFREE & 6-methoxy FE 723 A T /L{k S 41T 4-(6-hydroxynaphthalen-2-yl)butan-2-one
(M3) 1272 2 TEMALIREE DR DD Z LD 2> TS,

11
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o
CH;
Ho0O
Nabumetone
Glucuronide
and/or oH Glucuronide
Sul phate
1500

4-(6- Hydroxynaphthalen -2-yl)butan-2-one  4-(6-Methoxynaphthalen-2-yl)butan-2-ol 6-Methoxy-2-naphthylacetic acid

(MNBO) (6-MNA)
Glucuronide
o* and/or
”N\C O - Sulphate cooH
HO' o

6-(3-Hydroxybutyl)naphthalen-2-ol 6-Hydroxy-2-naphthylacetic acid
/ (M2) (6-HNA) \
Glucuronide Glucuronide
and/or and/or
Sulphate Sulphate

Fig. 1 Known metabolic pathways of nabumetone.

Nabumetone D [EIK 5 & L TOHME L ZoMEE MR T 5I121E, nabumetone DL
DORFIRIE I G-9 5 > b7 v 5 P450 (CYP) =° CYP LISk (non-CYP) D#EE DR
BB IC BT DY R E 2 ISR T A Z RN EETH LA, LD
BFHRIZT2ITH S NI S TRV, AWFSE TId nabumetone D UM Z, & MT
AfEE Sy, b MUBEERRBH R IO AR EREITMR, Eo—8 7 > T

BB X OT > MUBIEER T BLR 2 W TR A S04 T in vitro [RETEER 1T 10 FER L
7. —EHOMETHE LN L EEIL, B, Eix, ek loEHoREhEREEL a7
% nabumetone DK TOWE EMMICEHERT 2 Z EAHIfFS 5.

% 1 E Nabumetone M EM B 6-MNA ~DER LB ICBET SR A
Nabumetone 7> 5 6-MNA ~DOHICE T 2K & NI 5T 28FE IOV,
HEE ORI DEREPWE SN TS, Turpeinen © 1L nabumetone 2> 5 6-MNA D A= %
21X CYP 23885 LTk, FIT CYPIA2 i3 2 & #i L T2 [4]. Nobilis
5 [5] X° Varfaj 5 [6] (%, 6-MNA 7% nabumetone ® 3-t R ¥ {KTH D
3-hydroxyl-4-(6-methoxynaphthalen-2-yl)butan-2-one (3-OH-NAB) Z#H L CAKT 5
E@ELTWD. —J7, Fiorentini b [7] Zk M7 I CERE/ AXV ST —E S
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(FMO5) 7%, nabumetone OHIEE VR = VI DOBICHEBIR FRHAINT-Z AT L
{K 2-(6-methoxynaphthalen-2-yl)ethyl acetate (6-MNEA) ~Z&#19" % Baeyer-Villiger {8
{LIZBH 5 L, 6-MNEA 7% nabumetone 7> 5 6-MNA ~OH Y TH 5 &L HELE L T
W% (Fig.2). Z® X 912, nabumetone 7> 5 6-MNA D ZE a3 & /D F K % FEH
THARMERREBINTWDLN, FMITAHOEETH L. 5 1 TIE, nabumetone
2B 6-MNA IZE DIEMHRARBEORMLICFEEZHN N T 5202, 1)

nabumetone 75 6-MNEA % /7 L7z 6-MNA ~Oifk#, 3L U2) nabumetone 75
3-OH-NAB % /1 L 72 6-MNA ~D DT in vitro R EBRCTT 7 —F L1z,

Turpeinen et al. ~a

CYP1A2 etc.
s o3NA

Fiorentini et al.
FMO5

Varfaj et al. Varfaj et al.
CYP1A2 3-OH-NAB CYP1A2
Nobilis et al. Nobilis et al.
HLM, RLM, RH RH

Fig. 2 Representative studies of nabumetone metabolism.
HLM: human liver micorosomes, RLM: rat liver microsomes, RH: rat hepatocytes

1) Nabumetone 7>5 6-MNEA & 41 L 72 6-MNA ~ DRI % faf

Nabumetone 7> 5 6-MNA ~ODZ8 (X, & b HAE B2 HEF I 2 V72 in vitro 1CEF9E
BRCORBEINTZ D, MBRPERIEHOBEENELG L TWD Z &R
W Xh7-. B F FMOS5 #8L% 2 7 0 Y — A% VT nabumetone DR %217 - 7=
& Z 5, nabumetone DT AT /LK TH % 6-MNEA DR BIEZE S iz, FMOL & X
O'FMO3 % Bl% X 7 1 YV — A TIX 6-MNEA DAL O /e o 72 2 & 25, FMOS
IR BB BS Th D Z L DVRIE S L7z, £72, Baeyer-Villiger monooxygenase D
B T& % 4-methoxyphenylacetone (4-MP-one) 7% nabumetone 2> 5 6-MNEA ~® 4 %

13
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AR S E7-2 £ 2v5, 4-MP-one |E Baeyer-Villiger g1l & fill i3~ 5 FMOS @ [HLEF|
ERVBLZERHLNE R ST,

I 51T, 6-MNEA 725 6-MNA ~DOREEIZ DWW THRFTT D 72012, FEx BRI Z A
WT 2 BEFE DR B QB X 2 _X— 3 ) ZITWMRE L7z (Scheme 1).
t b FMOS5 #Bl%2 I 7 v Y — A% Mz nabumetone @ in vitro R EER (1st
incubation) ZATVY, MR & MERZRET D OICEMME 21T o 72%, £/
HEOSHRIZ © M S9 & Aiil%sE NAD A I 2 AU 9B (2nd incubation) % 1T - 72 #f
R, 6-MNA OB Sz, 20 Z LB, 6-MNEA [ nabumetone 7> 5 6-MNA
DA BT 2 HAHHDLTHY, & b FMOS 2% 6-MNA ~DZEHIZE W\ TH
BRBEE MO TR THL Z LRSI NT.. SHIZ, B N FMOS EHAI 7 1
Y — I % FHV T nabumetone @ in vitro fEI 3B 217 - 7= M JH#E  (1st incubation) (2,
bt MITF S9, #lil%EF NAD I L OV Rl FHLE A 2 0 2 TP 928 (2nd incubation) Z 1T
72 & Z A, alcohol dehydrogenase (ADH), aldehyde dehydrogenase (ALDH) I35 OF
carboxylesterase (CES) OB H NI 57257, LLEX Y, nabumetone (X FET & |
FFX 7 v Y — AECAFET D FMOS IC X W = AT LR E 720, RO THIK iR &
NTTva—Eeay, &6t MFYA FYVEIZO ADHIZL D 7v7 & FE
Lo 721%1Z, ALDHIZ LY 6-MNA (2725 2 & AVHIB L 7=,

*nabumetone
*FMOS (enzyme)
*NADPH (coenzyme)

Ist incubation —

incubation

solid phase extraction +S9, microsomes, or cytosol (enzyme source)

l *NAD", NADP*, NADH or NADPH (coenzyme)
-

incubation

2nd incubation —

HPLC

Scheme 1 Procedure of in vitro metabolism of the incubation products of nabumetone by
FMOS5 with human liver S9, microsomes or cytosol under various incubation

conditions (2 step incubation).

14
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2) Nabumetone 75 3-OH-NAB %/ L 7= 6-MNA ~O ¥ B3 % Mt

Nabumetone 7* 5 3-OH-NAB ~DOZ&H#ilX, B h CYP BRI ZI 7 Y —LHW in
vitro fRI R LV, CYP2B6, CYP2C19 35 LN CYP3A4 "G L TWD Z &5
& 72572 3-OH-NAB 7» ©H 6-MNA ~DZE 1%, b b RS iz B I 2 F 72 in vitro
B EBR CORBE I L= L 25, nabumeton 705 6-MNA ~DOZ8 4 b [GIAEIZ,
BER N BRI D EBOBEENEE LT\ D 2 EARE I 7. 3-OH-NAB [ Z{bLa Ak
A2 nabumetone & A U< REHHIZ/ M2 HFHT 5. £ 2 T, nabumetone & Hi@ D
Wi % —A 3 5 3-OH-NABIZDW\WT%H, B FFMO &t MTFS9 D2 EBREA %=
N—ar&{Tol. B F FMO BBRI 7Y — L&MWz 3-OH-NAB @ 1st
incubation O, bt KT S9 L #lif%s% NAD'% 12 T 2nd incubation %17 > 7=§5 5%,
6-MNA OARkILE b FMOL 38 X OV FMO3 TIEBIE S 2o 7228, B b FMO5S T
ITRER S L. 5612, & b FMOS (24 5 1st incubation SGNE E & MAF SO 12 LB
2nd incubation SR IZ & PR E Al 4 N 2 CRHEFEBRZ{T -7 & 2 5, 3-OH-NAB »
5 6-MNA ~DZEHIZ 1L, ALDH 35 X Ol & 2> D IR 53 ff 52 D B 5381 & M 7e -
72. E51Z, Bk FMOS5 (2 X % 3-OH-NAB @ st incubation & (2 HPLC f 7 /v
E RT_XNEREA RN LI EZ A, AT FERmHB SN, LEXD,
nabumetone /% CYP |2 L ¥ 3-OH-NAB |[ZA# Z f1721%, FMOS IZ L W = 27 )Lk & /¢

WNTHIKRGRESINTT AT B RIKE72D, 5T ALDH IZX YD 6-MNA & 72

LI EBHBMNE ST

F2E FHRHEDY 6-MNA OFEFELRBIZET S

Nabumetone O IEHEAEHY 6-MNA X, 6-HNA ~D 6-0-it A F /AL’ EE R TG
REETH D ERBRIN TS, 52 ETIHE, 6-MNA 225 6-HNA ~D 6-0-fii A F /L
{LICBE G- 28 E 2 FET 272D invitro R FEREIT-7=. £z, e hETF v b
DFEZICHOVWTHRF L. &5I2, & NIBIT 2 EETFEROEBIZOVTH KRR
L.

Bk CYP BEARIZ v Y —LEHWTE invitro N EER, & CYP 4y 1-FE D FHLEH|
BLOMHERMKRICLDHERBROMEE LY, & MNIBIT D 6-MNA 225 6-HNA ~D
AERIZ, CYP2CY9 MG L TWAH Z EBRH NIRRT, FERIZT v MZHONT
et L72fER, 7 v MBI D 6-MNA O RNTELHICEE 53 2 B8/ CYP 4y 1
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I£ CYP2C6 B LN CYP2CI1 THDH Z M L7c. ZORNERBNCET D BEHEF
AT A VI NRTA—=F b heTy FCHIERLIEEZA, EMNFIZ Y —AILE
7% 6-HNA RO AT O Ky B L O Ve X T v FI 7B Y =D HD
ELEHLLTEY, B Ty FHT Va/Kn EIZE LWEZEITBE SR> T2,

b FMZEIT D 6-MNA 775 6-HNA ~D R iE{kIE CYP2CY 23535 Z & 3 L
T2 Ehb, EHIT CYP2CY DB FEZMOEEZRFT 27-0ic, BAM, ZH
BMORBBZI /v Y — LB LOEEFORGFREBMRESNTENI /e Y —2%
MW T in vitro R FERZIT 72, BERI 7 v Y —2E2 AW FER T,
6-MNA @ 6-O-fil A FNALDEAG 27 VT 7 v AN, FFAERIZ T Leuds9 £ BAT
ITABIAK ) -7, Cysldd BRI CIIE DL o7z, fEsle NFI 7 a2y — A
MW AREERR TIE, Leuds9 REHEASKOEAG 7 V7 7 o AT OFE & T
K> 7273, Leud59 ~7 m G K TIXHEIE L7 OBt OVEMEHFHAN TH ~72. B
AR L BT Leuds) REHEGHKOBEEGZ VT T 0 AT REEZ R LA, REHM
Leu3s9 7 LV OHBBEE IO CHRTHDH Z &b, K EREE 25 2 Ligd i
WEHEE L.

% 3 E Nabumetone D IEFHL KB ICBHT S5t

Nabumetone 2GR 6-MNA ICEBL S L5 2 & 7 <VHKRT 2 IETH AL ARG,
IRBEHFHFR D7 b N 28T v 3 — L ZIEIE S 4L MNBO & 72 2 % & 6-methoxy 2723
O-l A F AL ENT M3 IZRHRIED 2 ONFETH. 3 ETIE, ZhbORK
WG DR L FET 57201, invitro R EBREZ TG LT,

1) Nabumetone 75 MNBO ~DZEH#i (2 B9 5 kgt

Nabumetone 7> 5 MNBO ~® NADPH {& 17 #7213 so AL, FHLE KB & AHBEE O fir
kv, B MFIZ v Y —AF T 11p-hydroxysteroid dehydrogenase (115-HSD) 73
fbfiE4 2 Z I LTc. £72, & MIFY A B Y LR TIIEEOBER R E T 2 D3,
¥F1Z aldo-keto reductase 1C4 (AKR1C4) N EH o FE 2 K- L TWHZ LR 6
ol
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2 ) Nabumetone 7> 5 M3 ~DEH#IZ T 5 It

Nabumetone 7> 6 M3 ~® O-fil A F/4ki%, & b CYP BRI 7 1Y —LZx H
7z in vitro fRET FEBR, % CYP 4y FFED L EHURIC X 2 HEFEER, 3 XU Silensomes™
Mz in vitro fREFEBROFRER NS, HE D CYP L L, 722 TH CYP2CY D
FHENRDBEWI ERAL NIRRTz,

= W

Nabumetone O X Rtk % fl %« S5 D in vitro (R EBR THEM L7 & 2 A,
nabumetone DRHHITEE ORI BFIEL, A HITITERORBBEEENEH L L T
WD Z eV Lz, F iz, REHEERITIE CYP LSO ELD non-CYP (R EEEFE 23 B
HLTWaZ ERHAL MR- (Fig. 3). #%IZ nabumetone OIEME(LIZIX, FMOS
IZ & % Baeyer-Villiger RS2 5- L, ZHUNiEHEER# O N —FR A M & D
ZEEAHLE.

—RIZAEERN O EPRFNT CYP OFENKE L, WK TIE CYP 3B 59 2 Y
AR, B FZ2 I L2 EYEEOMAEZNMBEL 2D Z LR E2 0. 202D,

P O BE IR BA%E TIX CYP TRE# & 417, non-CYP THAT 5 U — FMEA W AR
ENDBEMNRLS o> TS, LinL, CYP &EE L T non-CYP DIFHITA 7220,
2/ Th e b FMOS OEERRMEITIZLA LM SN TELT, £k, HEADS M
DTNV REEEZ/ET L2 LI INETIEIRETCH -2, RIFRETH
b 4172 nabumetone DREHI I 6 L OMREIEE R ICEAT 2072 i, 2z ERE

IR LERLZ MO FBZE U THREET 2 2 LI2XK Y, nabumetone i EAL

DEOIZAHRERERDEBEZD. 6T, KIFEO—#HORB IR THZICE
BT 2 B A v % 2 — 3 3 kI K U non-CYP RE#H 3R CTdb 5 FMOS O FHLEH
DIEFNT, BEORBEERE DB G5 2 G BOE O T REAGEHY O R € % L Y non-CYP
RPBERE ORFEFIEOHNIC TG THLDEE XD,
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Fig. 3 Proposed metabolic pathways of nabumetone in human.
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[ R pTE b 7E % O sl R ]
2020 4FEE AR TR W SEF BF SR AR R I (BE AT IE B K)o

GBS EERREETILSMICHBITEEERSZMYE TRP FyRILENTIHEILLE
NEBBREOER :FIvJIRSL 3=y

R REEMTEE JLERTE (RR), mEIRA A

REOER

(1) RO R E B L ek D 1R IE D RESLIT B

AR Z WY Rome IV AEE Y, @BBEEIEGEE (X N LRI X2 TH - Ei
BLOTEBMOR A% 5 THELEORER) &2 & 2 BEITHEE 1200 5 A
ELRERFOBRERICADIBNTH L. HEZO FHIED DNREEA O B
DARRGFR 72 Z e b b, BMOREZFRADEBEFEOLILRAIN I NN A D.
ZDOA VAT KD EBEEGIEGERE O JRIRFEH & £ O RIS REFE L L TOR
BICEEL, TORKNOBZAMMIAITER L 2> T0D. YHFFEE TR
DNZTEREROTWVD AT 4 ANVT Ay b =— Xk U TR SRR D
SO ERMET LA ER L TRV, Zhk TIC TR O EM: 3R sz v
SERBOFBEWMREN L THERIIND] EVnIHIRELZLTVD. b O
AT XV LWIRBIE DB BE ORNIGTER E~E R EDRHHF SN,

(2) RIS MESZ AN AR &1

FeEDIRELL B D VIILL T TIEMALT 54 4 0 F ¥ RV WNEASZ 5K transient
receptor potential (TRP) 7 7 I U — DAL 7T, FITROME—RA AR H L
LTHEYRKMEHEMBICBT 280D - B0 E WO EEFREZMA~RET &S 2 M-
TW5S. IREERZEZRED —DTh HBRITMZ AR TRPVL X, NUH T 2 EKRAK
DATHA T OERRE L THRAINTEZHRET, 43°CLLED (TEWW ] 2T 5)
ECIEM b En D, £, MBZEAE TRPMS 1X A » F— L OER R E L THA
SNTZFIET, 25°CUL IO (W7 K E %) BEIC XV iEHEIn D 2.
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(2) TN E TOMFTERE

TRPV1 I HILE O ROME KM RICHEILL, BACRRICE > TELIRADM
RAGEA Y LTS, 20 TRPVI EBEAMTMRIIAEANTIZZ T TiE <, /iE,
B, + 6, NG DRI~ & EEE 2B EL L Z BN O AL BV THERE
LTWD 3. RIBIZIBWTIIFFICENLE NG, BRIV TEDORBL & UGN Y.
TRPV1 FEBL TR IL T EIECE O AL R A I L E EB 2 i L TR0, 1&ME
fbEN75E L0 ILMANSEVIEIEE ICB W T RERKICE TR T 2 E &2 R L7 Y.
KIEMGRBET L~ ADOKFITBWT, TRP Fyr /it b= 5-HT: %
B LR EL L 7SRO T AR O RRMER DR & RIEDBEAL B BE S LTV D 679,
B O, WEBEBEEROER TH D M CTFEEAREI ] OMXm g &%
TRPMS FEHLARRE DO KN BE 42 O TR W & B 2 Y%sE 2 L 7=,

B #

RBFZE CHOB B IE G RET 70 T v NS 25 WAL 05 i O o S5 R 2 B L

THE L. BRERRIERZLIT 288 Lic

DB FEPEBEGERERFIET 711050 CHRME (K TRPMS 04 U P85 L 0%
i - REZRE L, JWHEIICE T 2 B BZLIC OV TRT L7,

@ THHALE O L F AR FERIBIC L 2R EiREICH1T 5 TRPM8 O EIZ DN T
Rt L7z,

A ik

(1) WBPEGEERET VT v b OfFR

WEEMEEREE T VXA A ERE ST 52 & TIER L. WBET VI
BWTIHOBBUENE Z 5 Z LIi3@E SN T2 219, SD R#EMET » o 6 Mm%
W, BBE 200mM 1 mL & 1 Y 7V 7 VIR T CRROH Y > T 200255 7 em 1§
AL TELEEITo72 (e fEBNES). 51X 1 HEBOY ), 2,3 AHOH - 4, 4
HEOFOF 6 BloOERET25Z & THERLEZ. 2> b — LEHICIXERZ T2
EEICHWEARBRKERE L.
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(2) EIRATENVELE I & 2 PNIEIR T BOG Ol E

EFRREFRIPE TIIATEMEIZE 5 DRNICIEE TH 5 WS-12 2 &K 5 LITEIBL S &
Liz. 7y bEBIEAOr = I 15 o HEESE2%, 1Y 707 VBT T WS-12
(2.5 mM, 100 pL) ZHLFI S 7 cm OFALICHE N G Uiz, xHBALE & L T
DMSO (Vehicle) Z# 5 L7z, 2> hu— L (EFHE) 12 REEOLE % i L
7o, BE 5 0%ND 40 pRICE T 2TEORECRMZRE L. (T, £
7=, TRPMS JEWrIE TC-12000 (1 mg/kg, i.p.) ZITEEILZD 20 HATICE S LokIC
WS-12 (2GRN G- LIt L7z,

ITENVBLEE CIINIBRERITEN RS E 7 U — U T2 A4 2D 2 D& JIE L=, HNiEdE
FRATENL 4 SOITEYORBHME A B 7 > b Uiz, FHEHE B IXZOER % 72 % (licking
of the abdomen), @ % fif{X 3 (stretching the abdomen), @ FIEH % FRIZH L AT
% (squashing of lower abdomen against the floor), @ Z#8 D ULHE (abdominal retraction)
T, 20O ONBRERITENIZNZEN 1 EE LTRIABE LI T L. &5,
5 UL EATENVE ISk L72IRRE  (freezing) %A AT X DATEN & LT O ILFF
il (sec) ZFHHIL7z. ZAUWCIFHICENAZRWEELEEATVWDS. 7=V ¥
A LFRVEAEZBETIHEELEZEZON TS, ThHDT — % OREHFENTIX
Student t-test & H1 VN TATVY, P fE 5%ARAm 2%, PE 1%A0 2 **, P A 0.1%AR il 2 ***
L LTRLEZ. 8ERT v b o — V3500 E B R 789 5= 5 fn B 2 B & TRR
A, FEBRIIAFLICR T 28 ERMEHE I > THEM L7z,

(3) SIEMMRL FRIY A

1B EBRENY) & MBI ME R T L@ HIERE (M, B &AL
i LR A 2 /BB L T, TRPMS OFEIN EOMMICEI L T\ T, 2
JRAE L TV D D0 Z B kb ) Fik 2 O CET L7z, TRPVL 35 KX TOY TRPMS
FETEME TP TRPVI Uik ds L OWE TRPMS LA CTHE#%k L, 7Yy - B4 F v - =
YTV AL IA T A R TP AMIEE ARG DERE L. 6T, &
R~ — I — 2 W EHERAZ T o, FRLUERTEER L -V —E&ME
8% (FV-3000,0LYMPUS) TH#1£2L7-. #7235 1000 um & 7¢ % i oo k0 fAR W i 12 35
VT OLYMPUS FV31S-SW5 # W THZFHM LER L2, 2 b DT — & OffiGHiF
HriZ Student t-test Z HHWTATVY, PAE 5% RN &, PAH 1% 2", P 0.1%A i
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e LT LTE.

A LEMRE~——& LTiE, WEEMRMR~—T—D Vv L F =, ME
PRED~ =T =Dy =B FEAESTF N (CGRP), BHEME# MR~ —
W=D T AL X P, @l Mg~ —I—o/MNaTFral s b7
AR —H— (VAChT) % 7=,

=R
(1) ALHIR RT3 2 KR ERIT B O B2

1A OREEITPNIRRERITEI O G5 RI% % x LTV 5. Vehicle DN 5 Tl
2 b r— VR LR B E BT T VBRI 35\ TN R T B O (R BT 22 A3 72
ol =7, WS-12 #5325 LdEEREGEEE T AT he— L BECE L
TR R T B A BE A N L T

1B DML 7 )V =2 72 A4 LOEFERL TS WS- 12 25 L=y
b — VB C BB EEREE T VOB CTAEREIA DN R ol 7Y =Y
VTHA DTKRE TR EN T BBOIE DTN o T2 T DIEFRITE R O REHC BV T
T 5 Z EMTELLLEELTWD.

(4 2 1 Bk W E B E B 7 VBRI 31T DAL RV R R k3 2 TRPMS IR A
W3 TC-12000 (1 mg/kg, i.p.) ODIEMAZRL TV 5. HERNITIEREITEI OG5 R T
o5 MBAEMIEGERET 7 VERIC 35 1T D IFARIT BN AL O ¥4 K13 TRPMS 4R A I8 7 3
DIEIZ LY 3 hr— L H T L~V E Tl Sz,

L7228 o T, ALFRNRFRIBIINIER OB 4 5 & & 2 328 2 o7y TRPMS
IR A3 TC-12000 OALEIZ K VR L2 Z & X0, @EEEGRET T VEEC
B2 RRERMIC X 2 EEIX TRPMS 20 L CHl& RIS Tnb Z &
DRI 7.
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A B
25 ; _ 400 _
g mmm Control n=4-7 == Control n=4-7
xk  PP<0,001
-‘% 20 — Butyrate < Bonifial 3300 = Butyrate
= 1 b
D N
215 o
o £ 20
2 10 - 2
£ 1 X :
= $ 100
5 i ﬁ
'2 0 0 i
Vehicle WS-12 Vehicle WS-12

1 W EEMEGEREE 7 VRE (Butyrate) (2351 DL FRRERM (WS-12) 1Z%f
T o ERRITE O AL

Vehicle I% WS-12 V&0 LTcE 2 # 5 Lz, 7 — #1% n=4~7 JLO VY fE + FEUE
BAETRLTWD. (K 1A) EFEEEIREBET VRECEBIT D WS-12 fE N # 510kt
T OEIARATE B ORERER. (K 1B) IEFEE LT T VRIS IT 5 WS-12 5 15
WEGIZKT D27V =T 72 A LAORERER. 7 — % OFGHENT L Student t-test
ZHWTITYY, ™P<0.001 & L TR LT,

 Control 2 EMERIE R T L EE (Butyrate)

= Butyrate B DR ER (WS-12)
02 (235%™ % TRPMS 4R P I 48 o> 1 )
%20 DMSO [ TC-12000 Z¥%h> L 7= %l % $¢ 5-
15 L. 7 =213 n=4 VLo P2 i e
5 TRLTNS. EHTELFIEET VRCE
Q1) e
g z 5 WS-12 FEGN B3 B R ARTT
;s B 0B E R, T — & O8I IT
E 0 Student t-test &2 HWNTITVY, "P<0.001 & L

DMSO DMSO TC-12000 TR L.
WS-12
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(2) THEMHEALEMGRICI T 5 TRPMS J8 BLAH R 0 FE ik

SRR R E W, IEH 7 v NEMOBEBE RSG50 5 TRPMS 5
IEMEZE Lz, ZOREE, TRPMS SHEIGMEIL, MEEMZR, KiKERE, fETE
B K ORI AR ITHBL L CTnve. FRICEGIC R S 2 < B IEENBIE S
oo Fo, HEMBREICBOLCIMBMRAENBE SN, v TF=v D H
Jua DFER, TRPMS yZiEMEITMR LICHB L TV D ZERWLMNnE o7, &6
12, CGRP, # 7 A% AP, VAChT & “HEHYfa L7zt = A —EBIC TRPMS J& Bl it
EORTENEIBINTZZ & LV, EFEREO FEHEE R TIX TRPMS IZNIEMS X
O RAE— VO AR IZ R BL L T D Z &R ST

WA, BEBPESEREREE T VT > b OEBGHIC 1T 25 TRPMS S0 5 2 fEt L
7o, ZORER, BEERBEERTT ATy FTHEay br— LR L T, KEE
R EIZF1T 5 TRPMS FEBLMRRMAE I L TW e, ERBMIT AT o7 2 AZD
HIMIAE CThHo7e. LER- T, WBEMEREEREET VT v N O BB TIX
TRPMS #ff DM FEARHMER N K LTV D Z BB D & 2o 72, BB IGE it £
T T v N OEGEIZIE VT TRPMS S iG M IR I (I BRI M AR Ic Bl S
7. THREFEZ7 Yy NOBERBTEEBD N o772, il Exond.
WIZ, @z hvu— VR L BEEREBEREE T VIZB T D CGRP, 7 A X X P,
VAChT OBl E&DE % EEMAT Lz, EoME~—T—HBEMICBIT 52 EEE&D
BT R O R otz v b — VR & BB B IE B RE T T L BE O R E
BT, TRPMS & &Mk~ — 7 —OLEHmAEZHE LK L7ZE Z 5, TRPMS
& VAChT O R BUMIRARAELL 3K 2 5N L T, 70, BB IR EIc BV T,
TRPM8 & &t~ — 1 — ORI 2 |E L L7z & 25, TRPMS & VAChT
O IFE B ERARMERL K 1.5 FEI0 LTz, ELAG O f AR #1238\ T, TRPMS
LB~ — T — O IR BN 2 WE LR L= & 2 A, TRPMS & CGRP @ $:3 5l
D AR AR AR B AN 2 RN L 7.

R

BEMEBERBERETT VT v bONBRRBEIZHIT 5 TRPMS OB 5

B SAEGRE £ 7 L RIS F5 U T WIS-12 3 2 D PR AR AT B B8 B (B L T
Wi Leio T, BERRALIEIC L0 ABBR BB 5 S 2 STV D 2 & 23 iR
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S7o. 2 ONIEIF R DY TRPMS S RAYE R ZE TC-12000 OMALEIZ LV EK LT
G, mBIEEEREE T VIC BT DR R MiTMMB%ﬁLTa%t S
Tb\é;kﬁ‘ﬂﬂ]ﬁéhk.

W BEEREE T VT v b O E G A R EICRT L& 25, Rl
J&§ &SI JE O TRPMS FE B REARME N R L CWD Z e &R L7z, £, s
#&3# 121X TRPMS BRI AR S EE N L T\ D Z E BN AW Sz, fhmikaEic
BT, CGRP t 0ifE, AL F = LDHAFL TSR A BN L T
D2 END, WEE RO EMREERMRAEML D B2, —F,
JRREE T L TIXEMIR~ — I —ORBT HMRITIML TB 6T, — RO
PREE, FFICNTEMEA MR ORI L7 2 E AR T REMRTHDL. 20
B R AR AR ERC AT 2MREBEOFIKN TH D L HEZ Sz, £72, TRPMS
& VAChT O ZEYLAIZI N T, HEIEFE O M kS & 77 8 O R SRE 12 35 W\ TR Bl
REARMEB DR DTz, BEMEE RO Y7 X % 2 P & OMLFEBUTHIM A
HHIRNTZ, TRPMS (X2 U ARSI o LA PEE B e Tl <, B 5 < il

MR s 72 ENZ P54 2 ARt RICHBL L TV D LHEZE L TV 5.

TRPMS8 F&BLAFREMRAE (X — YR D MEE AR TH W, TRPMS HEMdIL~ 27 v 7
7F—U Vo E RIS, 2D O TRPMS & 5881 L 72 — R an i
PRI & S AL O INIT R B S D20 A P A ko TERINT
WD EEZ B, EEMEGEBE T L OREIRBEIC SR N o T\ D g an s 1.
BRFFRECINE DO IR 7V — 7 TIER] OB B AE BT 7 LB ) Thdt 2 i T
BY, TEHHEMEICBT DM~ XA MIRSLRIEEAT = —F =05 L TnD
TR RALNERYOOHY, FEMRREA = X LEMAT D LIk
HEBZTND.

A BEIORFHTIBNT, TRPMS [t B A5 R (1 5 PR Bt B e A L o 2 7 A5
ZHSTEHEY, 2 O IEEICITE A AR I3 T 2 TRPMS J8 B — Yok Dk
PRIEBRAE RS X ORI OB RESEEL TS Z ERRmlain. b L TNEH
LRI BV TIEME L L2 TRPMS Z Wi~ 2 2 & 23 T & FUI b aor: i B o
BHURHRIEIZ 720 2, TRPM8 IR RIBBERL D ¥ — 7 > NIk 5 5&EF %
D, Fiz, AUFFEAERITHEEREBEONBEBMEICE L COMFMIIC SR
L7280, FLWIBEIEORIE R EICHEENRPFETE 5.
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Journal of Pharmacological Sciences, 2020 (In press)
The rodent model of impaired gastric motility induced by allyl isothiocyanate,
a pungent ingredient of wasabi, to evaluate therapeutic agents for functional

dyspepsia

Hashimoto K', Tashima K (HUEZN A)'2, Imaia T!, Matsumoto K3, Horie S (JR7L{&15)"2.

! Laboratory of Pharmacology, Faculty of Pharmaceutical Sciences, Josai International
University, | Gumyo, Togane, Chiba, 283-8555, Japan

2 Center of Pharmacological Kampo Research, Josai International University, 1 Gumyo,
Togane, Chiba, 283-8555, Japan

3 Division of Pathological Sciences, Department of Pharmacology and Experimental

Therapeutics, Kyoto Pharmaceutical University, Yamashina, Kyoto, 607-8414, Japan

Functional dyspepsia (FD) is thought to be mainly based on gastric motility dysfunction
and chronic hypersensitivity, yet FD animal models has been reported a few. We studied to
establish the mouse model of impaired gastric motility induced by a pungent ingredient of
wasabi allyl isothiocyanate (AITC), which is reliable to evaluate prokinetic agents. Male
ddY mice were used. Gastric motility was measured by '*C-acetic acid breath test in
conscious mice. AITC (80 mM) was given 60 min before the measurement of motility.
Prokinetic agents including itopride (30, 100 mg/kg), mosapride (0.1-1 mg/kg),
neostigmine (30 pg/kg), acotiamide (10-100 mg/kg), and daikenchuto (100-1000 mg/kg)
were given 40 min before the measurement. AITC impaired gastric motility without
mucosal damages, which reverted 24 h after AITC treatment. The decreased motility
induced by AITC was restored by prokinetic agents such as itopride, mosapride,
neostigmine, and acotiamide. In separate experiment, daikenchuto recovered the decreased
motility induced by AITC, although daikenchuto had no effect on motility in normal

condition. In conclusion, it is considered that the AITC-induced impaired gastric motility
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mouse model is useful to develop new prokinetic agents for treatment of FD, and to

re-evaluate traditional Japanese herbal medicines.
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Ulcer Research, 47, 100-102, 2020
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1.

Kimihito Tashima, Noriyuki Ohashi, Masatoshi Yoshikubo, Marina Oshige, Takao
Namiki, Syunji Horie: Allyl isothiocyanate, an activator of TRPA1 channel,
increases gastric mucosal blood flow through TRPV1-expressing and
non-expressing sensory nerves in rats: involvement of calcitonin gene-related
peptide.

Digestive Disease Week 2020 (May 2-5, 2020, Virtual) Poster presentation
Gastroenterology 158 (6), Supplement 1, Page S-520, 2020.

DOI: https://doi.org/10.1016/S0016-5085(20)31988-0
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Pharmacy, 2020, 8(4), 223 https://doi.org/10.3390/pharmacy8040223

Perspectives on Continuing Education Programs for Foundation-Level

Drugstore Pharmacists in Japan

Tomoko Terajima (57 /58] 1-)!, Kumiko Matsushita 2, Seiichiro Yamada 2, Hiroaki Suzuki 3,
Shingo Yano ?, Mizue Makimura 3 and Shigeo Yamamura (LI} 5 ) 13

Department of Biostatistics, Faculty of Pharmaceutical Sciences, Josai International

University, Togane 283-8555, Japan

2 Secretariat, AEON HAPYCOM Comprehensive Training Organization, Chiba 261-8515,
Japan

3 Boards of Certification, AEON HAPYCOM Comprehensive Training Organization, Chiba

261-8515, Japan

Background: Continuing education (CE) is important for developing and updating
pharmacists’ knowledge, skills, and attitudes. CE programs should be developed according
to social requirements but also based on personal requirements depending on the sectors the
pharmacists work in. This research aims to explore perspectives on CE programs for
foundation-level drugstore pharmacists in Japan. Method: Foundation-level drugstore
pharmacists were asked what CE programs or training they needed to develop patient care
or customer satisfaction. Results: We obtained 417 opinions (multiple answers were
allowed) in 280 responses from 460 pharmacists (male: 245 and female: 215). The products
and goods about which drugstore pharmacists wanted to learn covered a wide range. They
wanted to learn about taping skills, tests, and products and devices related to care of the
elderly. Taping skill would be quite unique for drugstore pharmacists. For special
populations, they wanted knowledge and skills related to pregnancy tests and the safe use of
medication by pregnant or lactating women. Conclusion: Drugstore pharmacists in Japan

have different CE and continuing professional development (CPD) requirements from
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community pharmacists. The benefits of CE programs meeting pharmacists’ requirements

should be evaluated in future research.
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Education Sciences, 2020, 10(9), 253 https://doi.org/10.3390/educscil0090253

International Understanding among Nursing and Pharmacy Students in Japan

Shigeo Yamamura ([LA} & )" *, Eiko Inoue 2, Junko Miyazawa 2, Kayoko Yuyama 2,
Tomoko Terajima (5 /% #]1) ! and Atsushi Mitsumoto '

! Faculty of Pharmaceutical Sciences, Josai International University, Gumyo 1, Togane,
Chiba 283-8555, Japan
2 Faculty of Nursing, Josai International University, Gumyo 1, Togane, Chiba 283-8555,

Japan

The purpose of this research is to establish a model for assessing interest in international
understanding among nursing and pharmacy students in Japan. The study design was a
cross-sectional survey of nursing and pharmacy students in their first to fourth years at Josai
International University. The International Understanding Scale (IUS2000), consisting of
four domains (respect for human rights, understanding international culture, awareness of
world solidarity, and understanding foreign languages) with 27 items, was used. A path
analysis and confirmatory factor analysis were used to model international understanding.
The model of international understanding of nursing and pharmacy students was established
as the second-order four-factor mode. The international understanding of nursing and
pharmacy students was mainly composed of respect for human rights and awareness of
world solidarity and was less affected by understanding foreign languages. Nursing students
in our study had a higher international understanding than pharmacy students. International
understanding was considered relevant to students’ learning about the importance of
interprofessional collaboration as well as their interests in global learning environments for
healthcare professionals. The relationship between international understanding and future
progress in healthcare performance needs to be studied to show the importance of

international understanding education.
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International Journal of Cardiology, 305:139-146(2020)
https://doi.org/10.1016/.ijcard.2020.01.006

Randomized Head-to Head Comparison of Atrovastatin Versus Pitavastatin in

Japanese Hypercholesterolemic Patients with High Risk for Atherosclerotic

Cardiovascular Disease: TOHO-LIP (TOHO University Lipid Intervention trial

using Pitavastatin) Trial

Masao Moroi ?, Daiji Nagayama °, Fumihiko Hara ¢, Atsuhito Saiki ¢, Kazuhiro Shimizu ¢,

Mao Takahashi ¢, Naoko Sato , Teruo Shiba ¢, Hideki Sugimoto !, Toshiki Fujioka ",

Tatsuo Chiba ', Kosuke Nishizawa !, Shuki UsuiJ, Yasuo Iwasaki ¥, Ichiro Tatsuno 9,

Kaoru Sugi ®, Junichi Yamasaki ¢, Shigeo Yamamura (}LI4f E /) !, Kohji Shirai ¢

a

Division of Cardiovascular Medicine (Ohashi), Department of Internal Medicine, Faculty
of Medicine, Toho University, Tokyo, Japan

Nagayama Clinic, Oyama City, Tochigi, Japan

Division of Cardiovascular Medicine (Omori), Department of Internal Medicine, Faculty
of Medicine, Toho University, Tokyo, Japan

Division of Diabetes, Endocrinology and Metabolism (Sakura), Department of Internal
Medicine, Faculty of Medicine, Toho University, Chiba, Japan

Division of Cardiovascular Medicine (Sakura), Department of Internal Medicine, Faculty
of Medicine, Toho University, Chiba, Japan

Pharmaceutical Unit, Toho University Sakura Medical Center, Chiba, Japan

Division of Diabetes and Metabolism (Ohashi), Department of Internal Medicine, Faculty
of Medicine, Toho University, Tokyo, Japan

Division of Neurology (Ohashi), Department of Internal Medicine, Faculty of Medicine,
Toho University, Tokyo, Japan

Department of Pharmacy, Toho University Omori Medical Center, Tokyo, Japan

Division of Diabetes, Endocrinology and Metabolism (Omori), Department of Internal

Medicine, Faculty of Medicine, Toho University, Tokyo, Japan
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X Division of Neurology (Omori), Department of Internal Medicine, Faculty of Medicine,
Toho University, Tokyo, Japan

! Faculty of Pharmaceutical Sciences, Josai International University, Chiba, Japan

Aim: Laparoscopic sleeve gastrectomy (LSG) is becoming popular in Japan, but
insufficient weight loss is often observed in patients after LSG. We investigated the effect
of LSG on obesity-related comorbidities and identified the background characteristics of
Japanese patients with insufficient weight loss after LSG.

Methods: In this multi-institutional retrospective study at 10 certified bariatric institutions,
322 Japanese patients who underwent LSG with a follow-up period of more than 2 years
were analyzed. Anthropometry, obesity-related comorbidities and psychosocial background
data were collected. Weight loss was expressed as 2-year percent total weight loss (%TWL).

Results: Mean age, body weight, body mass index (BMI) and glycated hemoglobin were
46.9 years, 119.2 kg, 43.7 kg/m2 and 7.1%, respectively. Prevalence of mental disorders
was 26.3%. Mean BMI declined to 30.3 kg/m2 at 2 years and %TWL was 29.9%.
Improvements in the markers and prevalence of obesity-related comorbidities were
observed. Remission rates of diabetes, dyslipidemia and hypertension were 75.6%, 59.7%
and 41.8%, respectively. %TWL at the respective cut-off level of diabetes remission was
20.8%. Lower remission rates of diabetes in patients with %TWL <20%, and less calorie
restriction and higher prevalence of mental disorders (46.9%) in patients with %TWL <15%
were observed. Frequencies of %TWL <15% and <20% were 6.5% and 18.5%, respectively.

Conclusion: %TWL 20% was a candidate cut-off point of insufficient weight loss for
diabetes remission after LSG, and mental disorders might be relevant to intractable obesity

in Japanese patients.
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Research in Social and Administrative Pharmacy, 16: 396-404 (2020)
https://doi.org/10.1016/j.sapharm.2019.06.007

The development of Foundation-level Pharmacy Competency Framework in
Japan: A survey exploring the applicability of the Global Competency Framework
in Japan

Naoko Arakawa, Shigeo Yamamura (|4 E /), Catherine Duggan, Ian Bates.

[Proceedings]
International Journal of Pharmacy Practice 2020; Supplement S1 p19.
https://onlinelibrary.wiley.com/doi/10.1111/ijpp.12606

A UK-Japan comparative qualitative study on pharmacists’ experiences about
health and wellbeing hub functions in community pharmacy - preliminary
analysis

Naoko Arakawa, Shigeo Yamamura ( [LI#] EE /), Ian Bates.
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Naoko Arakawa, Shigeo Yamamura ([Lf} B ), Tan Bates. A UK-Japan comparative

qualitative study on pharmacists’ experiences about health and wellbeing hub functions in
community pharmacy — preliminary analysis. Health Services Research and Pharmacy

Practice conference last week in Cardiff, UK April 2020

Javiera Navarrete, Christine Hughes, Theresa J. Schindel, Nese Yuksel, Shigeo Yamamura
(L k) B ), Tatta Sriboonruang

Development of a survey instrument to assess community pharmacists' roles, attitudes, and

training needs in delivery of sexual and reproductive health services, CPERC 2020

Conference Canada (Online)
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Int J Anal Bio-Sci (8), 34-38, 2020

Development of experimental teaching material for high school students:

determination of the sex of medaka (Oryzias latipes) using DNA

1 1 1 1 1
Fumiya Ishii , Yuki Nakazawa , Hikaru Furuya , Miki Tatsuzawa , Yuki Matsubara ,
. 1 . | . 2 . . 2
Sadahiro Kamiya (#1428 i) , Takeshi Fukawa , Hiroshi Ihara , Sachiko Kiuchi ,
3 3 1

Michiko Goromaru-Shinkai , Jun Kuroda and Yoshikazu Nishiguchi (78 1 —)

: Department of Clinical Pharmacy, Faculty of Pharmaceutical Sciences, Josai International
University, 1 Gumyo, Togane, Chiba 283-8555, Japan.

: Faculty of Risk and Crisis Management, Chiba Institute of Science, 15-8 Shiomi, Choshi,
Chiba, 288-0025, Japan.

’ Department of Pharmaceutical Practice, Faculty of Pharmaceutical Sciences, Toho

University, Miyama 2-2-1, Funabashi, Chiba 275-8510, Japan.

Summary In genetic experiments designed for high school students, genetic privacy should
be respected and human DNA samples should not be used. We developed an experimental
teaching protocol comprising three simple steps for rapid determination (90 min) of the sex of
medaka (Oryzias latipes). First, the tail fins of medaka were homogenized using a disposable
homogenizer. Second, the DM-domain gene on the Y chromosome (DMY) and DM-related
transcription factor 1 gene (DMRT1) were amplified by polymerase chain reaction (PCR). We
designed primers to amplify the target genes that resulted in shorter fragments (DMY: 61 bp,
DMRTI: 93 bp) and there- fore required shorter PCR conditions (approximately 50 min) than
those in a previous study (approximately 2 h). Finally, the PCR products were electrophoresed
using polyacrylamide gels (5%—-20%) for 7 min at 24 W. We chose polyacrylamide gels over
agarose gels, because they have a higher resolving power for small DNA fragments (5-500
bp) than agarose gels (100-600,000 bp). We developed a method for teaching genetic

techniques to high school students, preparing for higher pharmaceutical education.
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ZEWRREF AT Vol.43 No.3, 208-213

HRIFREEEYNLEY, CAHOBYILEV(EARBEEEYILEY), EFETIVEEYIL
EVOEILREFRBICETIHE

T Tl T R .

Studies on molar absorption coefficients of crystalline unconjugated bilirubin,

ditaurobilirubin (synthetic bilirubin conjugate), and synthetic delta bilirubin

] Department of Health and Medical Sciences, Faculty of Risk and Crisis Management,
Chiba Institute of Science, 15-8 Shiomi, Choshi, Chiba 288-0025, Japan

’ Faculty of Pharmaceutical Sciences, Josai International University, 1 Gumyo, Togane,
Chiba 283-8555, Japan

’ Department of Medical Technology, Tsukuba International University, 6-20-1 Manabe,
Tsuchiura, Ibaraki 300-0051, Japan

) Medical Technology Course, Faculty of Science, Toho University, 2-2-1 Miyama,
Funabashi, Chiba 274-8510, Japan

Summary To recommend the high-performance liquid chromatography (HPLC) method
developed by Osawa et al. (Clin Chim Acta, 36: 146, 2006) as a proposed method for
measuring serum bilirubin subfractions, we certified the molar absorption coefficients of
unconjugated bilirubin (UCB), ditaurobilirubin (DTB), and delta bilirubin (DLB) described
in Osawa et al. Solutions of UCB purchased from Sigma-Aldrich Co., DTB purchased from
Frontier Scientific, Inc., and DLB synthesized using Woodword's reagent K were prepared
according to previous studies, and their molar absorption coefficients at 450 nm in the
eluents [70% phosphate buffer (pH 6.5, 0.3 mol/L)/30% acetonitrile] from Osawa's isocratic
HPLC were determined using a Hitachi U-5100 ratio beam spectrophotometer. As a result,
the molar absorption coefficient was 38.683x103 L-mol'-cm™' for UCB, 54.939x103
L-mol ':cm™! for DTB, and 74.379x10° L-mol'-cm™' for DLB. These values were 62%,

44



o>l E AT R

113%, and 96%, respectively, of those given in Osawa et al. The molar absorption

coefficient of UCB requires further reconfirmation.
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Scientific Reports, 10, 16751; 10. 1038/s41598-020-73667-z (2020)

Bisindolylpyrrole triggers transient mitochondrial permeability transitions to
cause apoptosis in a VDAC1/2 and cyclophilin D-dependent manner via the

ANT-associated pore.

Masami Koushi (575 H£32)!, Yasunori Aoyama!, Yoshiko Kamei', and Rei Asakai (¥ 7)!

' Department of Morphophysiology, Faculty of Pharmaceutical Sciences, Josai International

University, | Gumyo Togane, Chiba 283-8555, Japan

Bisindolylpyrrole at 0.1 uM is cytoprotection in 2% FBS that is counteracted by cyclosporin-A
(CsA), an inhibitor of cyclophilin-D (CypD). We hypothesized that the cytoprotective effect
might be due to transient mitochondrial permeability transition (tPT). This study tested the
hypothesis that bisindolylpyrrole can trigger tPT extensively, thereby leading to cell death under
certain conditions. Indeed, CsA-sensitive tPT-mediated apoptosis could be induced by
bisindolylpyrrole at >5 uM in HeLa cells cultured in 0.1% FBS, depending on CypD and
VDACI1/2, as shown by siRNA knockdown experiments. Rat liver mitochondria also underwent
swelling in response to bisindolylpyrrole, which proceeded at a slower rate than Ca**-induced
swelling, and which was blocked by the VDAC inhibitor tubulin and the ANT inhibitor
bongkrekate, indicating the involvement of the ANT-associated, smaller pore. We examined why
0.1% FBS is a prerequisite for apoptosis and found that apoptosis is blocked by PKC activation,
which is counteracted by the overexpressed defective PKCe. In mitochondrial suspensions,
bisindolylpyrrole triggered CsA-sensitive swelling, which was suppressed selectively by
pretreatment with PKCe, but not in the co-presense of tubulin. These data suggest that upon PKC
inactivation the cytoprotective compound bisindolylpyrrole can induce prolonged tPT causing

apoptosis in a CypD-dependent manner through the VDAC1/2-regulated ANT-associated pore.
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Prevalence of dietary supplement use in Japanese elite high school

track-and-field athletes

Kensuke SAKAI (35 }-f&4T) !, Mikako SUNAGA 2, Kota KIJIMA 3, Yasunori MORIOKA *,
Tomohiro MANABE 3, Hiroaki YAMAMOTO ¢, Masaaki SUGITA 7

The intake of dietary supplements (DS) contribute to improving sports performance
and/or to maintaining good health for many athletes, but some of them have been found to
contain contaminants or banned substances. Therefore, proper use of DS was important for
adolescent athletes. The purpose of this study was to examine the prevalence of DS use by
elite youth track-and-field athletes who have placed in the Inter-High School Championships
past three years (2017-2019). Five hundred and five (51.3% female) completed the
questionnaire. The prevalence of DS use is 63.2% in male, and 45.7% in female. Frequently
consumed DS were protein (60.1%), amino acids (50.0%) and creatine (25.0%) in male, and
protein (42.4%), amino acids (40.7%) and iron (35.6%) in female. In male athletes, protein
was most prevalent for thrower (96.2%), and amino acid was for middle and long distance
runner (62.9%) and race walker (62.5%). In female, iron was most prevalent for middle and
long distance runner (55.9%) and race walker (75.0%). The main motivation for DS use was
to recover fatigue regardless of gender. In female athletes, positive perception of DS use
was declined over time. As a result of this study, prevalence and pattern of DS use by elite

high school track-and-field athletes was almost similar over 3 years.
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Food Chem Toxicol. 2020 Nov;145:111591. doi: 10.1016/j.fct.2020.111591. Epub 2020 Jul
31.

A single pretreatment with clofibric acid attenuates carbon tetrachloride-induced

necrosis, but not steatosis, in rat liver.

Yoshihiro Yamakawa!, Takaaki Doi', Yoshizumi Naitoua', Hiroshi Kawai?,

Atsushi Mitsumoto (JEANEE 91)3 |, Naomi Kudo? , Yoichi Kawashima?

Research and Development Laboratories, Maruho Co, 1 Awatacho, Chudoji, Shimogyo-ku,
Kyoto, 600-8815, Japan

Faculty of Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado, Saitama,
350-0295, Japan

Faculty of Pharmaceutical Sciences, Josai International University, Gumyo, Togane,

Chiba, 283-8555, Japan

The present study investigated whether a single pretreatment with clofibric acid
suppresses liver injury in rats after CCl4 intoxication. Rats received a single pretreatment
with clofibric acid (100 mg/kg, i.p.) 1 h prior to a CCl4 (1 mL/kg, p.o.) challenge, and were
euthanized 24 h after the CCI4 administration. A single pretreatment with clofibric acid
effectively suppressed increases in the serum aminotransferase activities and the severity of
necrosis following the CCl4 challenge, whereas the pretreatment did not protect against
CCl4-induced fatty liver. The clofibric acid pretreatment did not affect blood concentrations
of CCl4 in the early stage after CCl4 dosing, or the level of the CCl4 reaching the liver 1 h
after the CCl4 challenge. Moreover, the clofibric acid pretreatment did not affect the
intensity of the covalent binding of the [14C]CCl4 metabolite to microsomal proteins and
lipids. The clofibric acid pretreatment did not alter microsomal cytochrome P450 2El1
activity. Based on these results, we conclude that protection against CCl4-induced

hepatocellular necrosis by a clofibric acid pretreatment does not require its repeated
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administration, and that a single and brief pre-exposure to clofibric acid prior to CCl4
dosing markedly suppresses necrosis without affecting the development and progression of

steatosis.
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Educ. Sci. 2020, 10, 253; doi:10.3390/educscil0090253

International Understanding among Nursing and Pharmacy Students in Japan

Shigeo Yamamura', Eiko Inoue?, Junko Miyazawa?, Kayoko Yuyama?, Tomoko Terajima!

and Atsushi Mitsumoto (J&EAJE 5)!

' Faculty of Pharmaceutical Sciences, Josai International University, Gumyo 1, Togane,
Chiba 283-8555, Japan;
2 Faculty of Nursing, Josai International University, Gumyo 1, Togane, Chiba 283-8555,

Japan;

The purpose of this research is to establish a model for assessing interest in international
understanding among nursing and pharmacy students in Japan. The study design was a
cross-sectional survey of nursing and pharmacy students in their first to fourth years at Josai
International University. The International Understanding Scale (IUS2000), consisting of
four domains (respect for human rights, understanding international culture, awareness of
world solidarity, and understanding foreign languages) with 27 items, was used. A path
analysis and confirmatory factor analysis were used to model international understanding.
The model of international understanding of nursing and pharmacy students was established
as the second-order four-factor mode. The international understanding of nursing and
pharmacy students was mainly composed of respect for human rights and awareness of
world solidarity and was less affected by understanding foreign languages. Nursing students
in our study had a higher international understanding than pharmacy students. International
understanding was considered relevant to students’ learning about the importance of
interprofessional collaboration as well as their interests in global learning environments for
healthcare professionals. The relationship between international understanding and future
progress in healthcare performance needs to be studied to show the importance of

international understanding education.
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Development of Spray Formulations Applied to the Oral Mucosa Using Non—-lamellar

Liquid Crystal-Forming Lipids.

Kenji Sugibayashi (££AK£EZ¥K) ", ¢, Nao Yamamoto ?, Shoko Itakura?, Akie Okada?,
Ichiro Hijikuro ®, and Hiroaki Todo ?

® Faculty of Pharmacy and Pharmaceutical Sciences, Josai University; 1-1 Keyakidai,
Sakado, Saitama 350-0295, Japan.

® Farnex Co., Inc., Tokyo Institute of Technology Yokohama Venture Plaza; 4259-3 Nagatsuta,
Midori-ku, Yokohama 226—8510, Japan.

We examined the physicochemical and biochemical properties of mono-O-(5,9,13-trimethyl-4-
tetradecenyl)glycerol ester (MGE), including ease of handling, high bioadhesiveness, quick and
stable in vivo self-organization (forming a non-lamellar lyotropic liquid crystal [NLLC]), and high
biomembrane permeation enhancement. We prepared MGE oral mucosa-applied spray
preparations containing triamcinolone acetonide (TA), which is widely used in the treatment of
stomatitis, and we examined the usefulness of the MGE preparations compared with commercially
available oral mucosal application preparations containing 2,3-dihydroxypropyl oleate
(1-mono(cis-9-octadecenoyl)glycerol (GMO) (previously studied as an NLLC-forming lipid)
preparation. As a result, the MGE preparation applied to the oral mucosa can rapidly formed an
NLLC with reverse hexagonal or cubic structures, or a mixture, on contact with water. In addition,
by adding hydroxypropyl cellulose to the MGE preparation, similar retention properties on the oral
mucous membrane were obtained to that using marketed drug preparations. Furthermore, the
MGE spray formulation on the oral mucosa showed an equivalent or higher TA release as well as
oral mucous membrane permeability compared with commercial formulations. Because MGE
forms a stable NLLC and is easy to handle compared with GMO, MGE was considered to be a

useful pharmaceutical additive for a spray preparation applied to the oral mucosa in combination.
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Chem. Pharm. Bull., 68 (9), 832-836, (2020)

Effect of Rubbing on the Distribution of Topically Applied Drugs into the Hair

Follicles.

Akinari Abe *®, Hiromichi Suzuki ®, Miyuki Saito ®, Hiroaki Todo ¢,
and Kenji Sugibayashi (2 A EZ¥K)" 2

2 Graduate School of Pharmaceutical Sciences, Josai University; 1-1 Keyakidai, Sakado,
Saitama 350-0295, Japan.
b Research & Development Headquarters Self-Medication, Taisho Pharmaceutical Co.,

Ltd.; 1-403 Yoshinocho, Kita-ku, Saitama 331-9530, Japan.

Rubbing actions are often conducted to apply topical formulations onto the skin.
Although rubbing was found to increase the skin permeation of drugs, few reports have
revealed whether rubbing enhanced either drug permeation through the stratum corneum
(SC) or hair follicles (HFs) pathways, or through both. In the present study, we investigated
the effects of rubbing on caffeine (CAF) distribution in the SC and HFs. The effect of
rubbing direction on the skin penetration of CAF was also investigated. The skin
concentration of CAF and its cumulative permeation amount were increased clearly by
rubbing. More than six times higher CAF concentrations in the viable epidermis and dermis
were observed 5 min after rubbing application compared with no rubbing. On the other hand,
slightly increased CAF concentrations were observed in the SC, suggesting that CAF was
delivered through the HF pathway by rubbing. Rubbing against the natural hair direction
provided the highest skin permeation as well as skin concentrations. Changes in the
morphology of the HF opening area might be related to the enhancement effect. These
results may provide useful information to understand the effect of rubbing on the skin

permeation of applied drugs.
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Chem. Pharm. Bull., 68 (8), 779-783, (2020)

Prolonged Distribution of Tranilast in the Eyes after Topical Application onto
Eyelid Skin.

Gerard Lee See ®°, Florencio Arce Jr. »® Shoko Itakura?, Hiroaki Todo #,

and Kenji Sugibayashi (FZ#REZ )™ 2

2 Graduate School of Pharmacy and Pharmaceutical Sciences, Josai University; 1-1
Keyakidai, Sakado, Saitama 350—0295, Japan.
> Department of Pharmacy, University of San Carlos; Nasipit, Talamban, Cebu 6000, the

Philippines.

Tranilast, a lipophilic drug with various ophthalmic applications, was used as a model
drug to establish the possibility of delivering lipophilic drugs through the eyelid skin.
Pharmacokinetics and tissue distribution studies were conducted employing three
application methods (topical application onto eyelid skin, eye drops, and intravenous
injection in rats) to broaden the significance of delivering drugs through the eyelids. A
two-compartment open model analysis was used for intravenous route while a
non-compartmental evaluation was used for topical applications to estimate the
pharmacokinetic parameters. Eyelid skin application, eye drops, and intravenous
administration had mean residence times (MRTs) of 8.07, 1.79, and 3.25 h in the eyeball and
10.8, 1.29, and 2.97 h in the conjunctiva, correspondingly. In the eyeball, topical application
of tranilast onto the eyelids corresponded to a 4.5- and 2.5-fold higher MRT compared with
eye drops and intravenous administration, respectively. An 8.4- or 3.6-fold higher MRT was
observed in the conjunctiva after topical application compared with eye drops or
intravenous administration, respectively. This indicated a gradual penetration of tranilast

into the eyeball and conjunctiva, subsequently a slow elimination from these target tissues.
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J. Control. Release, 325, 1-9 (2020)
Enhanced nose-to-brain delivery of tranilast using liquid crystal formulations.
Gerard Lee See ® ¢, Florencio Arce Jr. ® ¢, Sabrina Dahlizarad » ¢, Akie Okada?,

Muhammad Fikri Bin Mohd Fadli ¢, Ichiro Hijikuro !, Shoko Itakura® ®,

Masanori Katakura *®, Hiroaki Todo *®, Kenji Sugibayashi (2 #KEZ k)b

2 Graduate School of Pharmaceutical Sciences, Josai University, Saitama, Japan.

School of Pharmacy and Pharmaceutical Sciences, Josai University, Saitama, Japan.

¢ Department of Pharmacy, School of Health Care Professions, University of San Carlos,
Cebu, the Philippines.

Department of Pharmacy, Faculty of Health Science, Syarif Hidayatullah State Islamic
University Jakarta, Banten, Indonesia.

¢ School of Pharmacy, Management and Science University, Selangor, Malaysia.

Farnex Inc., Tokyo Institute of Technology, Yokohama Venture Plaza, Nagatsuta-cho,

Midori-ku, Yokohama, Japan.

Intranasal administration is poised as a competent method in delivering drugs to the brain,
because the nasal route has a direct link with the central nervous system bypassing the
formidable blood-brain barrier. Ci7-monoglycerol ester (MGE) and glyceryl monooleate
(GMO) as liquid crystal (LC)-forming lipids possess desirable formulation characteristics as
drug carriers for intranasally administered drugs. This study investigated the effect of LC
formulations on the pharmacokinetics of tranilast (TL), a lipophilic model drug, and its
distribution in the therapeutic target regions of the brain in rats. The anatomical
biodistribution of LC formulations was monitored using micro-computed tomography
tandem in vivo imaging systems. MGE and GMO effectively formed LC with suitable
particle size, zeta potential, and viscosity supporting the delivery of TL to the brain. MGE
and GMO LC formulations enhanced brain uptake by 10- to 12-fold and 2- to 2.4- fold,
respectively, compared with TL solution. The olfactory bulb had the highest TL
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concentration and fluorescent signals among all the brain regions, indicating a direct
nose-to-brain delivery pathway of LC formulations. LC-forming lipids, MGE and GMO, are

potential biomaterials in formulations intended for intranasal administration.
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Pharmaceutics, 12 (5), 427- (2020)

Physical Properties of an lonic Liquid Composed of Two Water-Soluble Vitamins

and Enhanced Skin Permeation of Both Vitamins.

Kenji Sugibayashi (2 KEZ¥R) ! 2, Yuya Yoshida !, Ryuichiro Suzuki', Kota Yoshizawa !,
Kenji Mori (££fd )2, Shoko Itakura ', Kozo Takayama !, Hiroaki Todo '

' Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1-1 Keyakidai,
Sakado, Saitama350-0295, Japan.
2 Faculty of Pharmaceutical Sciences, Josai International University, 1 Gumyo, Togane,

Chiba 283-8555, Japan.

A highly viscous substance was prepared by evaporating an ethanol solution containing
two hydrophilic vitamins; vitamin C, and vitamin B6. The viscous substance and physical
mixture of the two vitamins were tested using a differential scanning calorimeter and an
X-ray diffractometer. The highly viscous substance was found to be a liquid crystal (LC)
made of these two hydrophilic vitamins. Determination by proton nuclear magnetic
resonance measurement suggested that intramolecular hydrogen bonding in vitamin B6 was
eliminated by the LC formation. This LC compound showed high solubility in 1,3-butanediol
(almost 87%). Much higher skin permeation of both vitamin C and B6 was also observed
from the LC compound than that from the physical mixture. The present LC compound
containing vitamin C and vitamin B6 may be useful for pharmaceutical and cosmeceutical

applications.
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Int. J. Pharm., 578:119186 (2020)

Prediction of skin permeation and concentration of rhododendrol applied as

finite dose from complex cosmetic vehicles.

Florencio Arce Jr. >, Narumi Asano 2, Gerard Lee See ®°, Takeshi Oshizaka (#f3 55 &) ?,
Shoko Itakura?, Hiroaki Todo ?, Kenji Sugibayashi (£ #KE&¥k)?

2 Graduate School of Pharmaceutical Sciences, Josai University, Saitama, Japan.

> Department of Pharmacy, University of San Carlos, Cebu, Philippines.

Finite dose experiments represent clinical use wherein depletion of dose, evaporation of
excipients, and gradual change in vehicle composition may occur. In the present study, we
attempted a mathematical approach for predicting skin permeation and concentration of a
cosmetic active, rhododendrol (RD), from complex vehicle-based formulations applied in
finite dose. In vitro skin permeation and concentration studies of RD were conducted from
formulations containing water and polyols with concentrations ranging from 10 to 100%
under infinite and finite dose conditions using vertical Franz diffusion cells. Observed data
for skin permeation and the viable epidermis and dermis (VED) concentration of RD were
estimated by the differential equations under Fick's second law of diffusion together with
water evaporation kinetics and changes in the partition coefficient from vehicles to the
stratum corneum. As a result, a goodness-of-fit was observed allowing accurate estimation
of skin permeation and VED concentration of RD. This mathematical approach could
become a useful tool to estimate the skin permeation and concentration of actives from

topical formulation applied in finite dose conditions likened in actual use.
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Pharmaceutics, 12 (2), 173- (2020)

Usefulness of Artificial Membrane, Strat-M®, in the Assessment of Drug Permeation

from Complex Vehicles in Finite Dose Conditions.

Florencio Jr Arce ', Narumi Asano 2, Gerard Lee See ?, Shoko Itakura ?, Hiroaki Todo 2

and Kenji Sugibayashi (&Z#EZ ) 2"

! Department of Pharmacy, University of San Carlos, Cebu City 6000, Philippines.

2 Graduate School of Pharmaceutical Sciences, Josai University, Saitama 350-0295, Japan.

The ban on the use of animals in testing cosmetic products has led to the development of
animal-free in vitro methods. Strat-M®is an artificial membrane engineered to mimic
human skin and is recommended as a replacement for skin. However, its usefulness in the
assessment of the permeation of cosmetics in in-use conditions remains unverified. No data
have been published on its comparative performance with the membrane of choice, porcine
skin. The comparative permeability characteristics of Strat-M® and porcine skin were
investigated using Franz diffusion cells. Caffeine (CF) and rhododendrol (RD) in complex
vehicles with varying concentrations of polyols were applied as finite and infinite doses.
Good rank orders of permeation from finite dose experiments were observed for RD. High
correlations were observed in RD permeation between Strat-M® and porcine skin under
finite and infinite dose conditions, whereas only finite dose conditions for CF were
associated with good correlations. Permeation from formulations with high polyol content
and residual formulations was enhanced due to the disruption of the integrity of the
Strat-M® barrier. The usefulness of Strat-M® in the assessment of dermal permeation may
be limited to finite dose conditions and not applicable to infinite dose conditions or

formulations applied in layers.
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Int. J. Pharm., 577:118944 (2020)
Controlled release of a model hydrophilic high molecular weight compound
from injectable non-lamellar liquid crystal formulations containing different

types of phospholipids.

Akie Okada?, Hiroaki Todo ?, Ichiro Hijikuro ®, Shoko Itakura?, Kenji Sugibayashi (£Z#K#27K%)

® Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1-1 Keyakidai,
Sakado, Saitama 350-0295, Japan.

> Farnex Inc., Tokyo Institute of Technology Yokohama Venture Plaza, 4259-3 Nagatsuta,
Midori-ku, Yokohama 226-8510, Japan.

Finite dose experiments represent clinical use wherein depletion of dose, evaporation of
excipients, and gradual change in vehicle composition may occur. In the present study, we
attempted a mathematical approach for predicting skin permeation and concentration of a
cosmetic active, rhododendrol (RD), from complex vehicle-based formulations applied in
finite dose. /n vitro skin permeation and concentration studies of RD were conducted from
formulations containing water and polyols with concentrations ranging from 10 to 100%
under infinite and finite dose conditions using vertical Franz diffusion cells. Observed data
for skin permeation and the viable epidermis and dermis (VED) concentration of RD were
estimated by the differential equations under Fick’s second law of diffusion together with
water evaporation kinetics and changes in the partition coefficient from vehicles to the
stratum corneum. As a result, a goodness-of-fit was observed allowing accurate estimation
of skin permeation and VED concentration of RD. This mathematical approach could
become a useful tool to estimate the skin permeation and concentration of actives from

topical formulation applied in finite dose conditions likened in actual use.
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Similarities and Differences between Infectious Disease-Mathematics Epidemiology,
Expressing the Infection-to-Healing Process, and Pharmacokinetics, Expressing

the Absorption-to-Elimination Process

KENJI SUGIBAYASHI (£ #REZ¥Kk) ™ & KENJI MORI (ZRf ) 2,
TAKESHI OSHIZAKA (#f ¥ & #5) ¢, CHIHIRO TAKEI (i3 T-#K) *, HIROAKI TODO®,
SHOKO ITAKURA ®, KOZO TAKAYAMA ®

¢ Faculty of Pharmaceutical Sciences, Josai International University

> Faculty of Pharmacy and Pharmaceutical Sciences, Josai University

In response to the COVID-19 spread, the way of thinking about the SIR model used in
Infectious Disease-Mathematical Epidemiology was compared with that on the linear
I-compartment model with an absorption process used in Pharmacokinetics (PK). The
number of infected persons (or drug amount in the body) in different infection (or
absorption) rates and recovery (elimination) rates were mathematically simulated using
differential equations in the SIR model (or PK model). Although the drug amount in the
body (or drug concentration in blood) can be calculated from the dose, the extent of
bioavailability and the absorption- and elimination-rate constants, the number of infected
persons was related to the number of acceptable persons and infection- and recovery-rate
constants. In addition to these values, the number of infected persons was related also to the
number of infected persons themselves at that time. Interestingly, no infected persons were
counted when the infection rate fell below a certain value and the recovering rate exceeded
a certain value (those values were not obviously extreme). Although the analytical method
using the SIR model is not the same as that using the 1-compartment PK model with an
absorption process, the analytical techniques resemble each other. This study suggests that
most pharmacists and pharmaceutical scientists can use PK approach to prevent the present

spreading of infectious disease.
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The Effects of a Physical Assessment Program on Pharmacy Students

Mie Kuroiwa, Mikio Murata, Akio Namba, Masaru Mizoguchi (7& 1 &), Mami Kikegawa,
Michiru Watanabe, Mikako Oka, Kohji Chiba, Tomoaki Yamaguchi, Masahiro Sumi

Department of Clinical Pharmacy, in Yokohama University of Pharmacy

An educational program for physical assessment, covering basic and clinical pharmaceutical
knowledge and skills, was incorporated into the curriculum for pharmacy students from the third
to the fourth grades in the Yokohama University of Pharmacy. This physical assessment program
comprises lectures for the third grade and practical sessions for the fourth grade students. The
lecture series covers the cardiovascular, respiratory, digestive, and nervous systems and includes
basic pharmaceutical knowledge, such as morphology, physiology, pathology and pharmacology.
It also teaches pharmaceutical health care, as well as the structure of the stethoscope and the
auscultatory method. In the practical sessions, the students perform physical examination of
normal and abnormal physical conditions, including measurements of pulse and blood pressure,
listening to the heart, lungs, and intestines, and assessing pupillary reflex, using the patient
simulator model Physiko® and role-playing exercises. They also learned about informed consent.
The students monitored the physical changes associated with drug effects and adverse events
using the Physiko® model during clinical case examinations and evaluated them during small
group discussion sessions. The students were examined before (pre-test) and after (post-test) the
practical sessions to evaluate their knowledge of physical assessment. The pre- and post-test
results were analyzed using the McNemer test. The correct answer frequency increased
significantly from pre- to post-test (p<0.001), with the exception of questions on the basics of
vital signs and the name “Korotkoff’s sounds”. The educational physical assessment program
increased students’ knowledge of physical assessment and allowed them to experience the reality
of a range of clinical situations. Areas for improvement were identified, such as the need for

more teaching of physical assessments of the respiratory and cardiovascular systems.
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Xenobiotica, 51, 155-156 (2021)

Role of human flavin-containing monooxygenase (FMO) 5 in the metabolism of
nabumetone: Baeyer-Villiger oxidation in the activation of the intermediate
metabolite, 3-hydroxy nabumetone, to the active metabolite, 6-methoxy-2-

naphthylacetic acid in vitro

Kaori Matsumoto, Tetsuya Hasegawa, Kosuke Ohara (KJ5UE #f), Tomoyo Kamei,

Jyunichi Koyanagi, and Masayuki Akimoto

Nabumetone (NAB) is a non-steroidal anti-inflammatory drug used clinically, and its
biotransformation includes the major active metabolite 6-methoxy-2-naphthylacetic acid (6-
MNA). One of the key intermediates between NAB and 6-MNA may be 3-hydroxy
nabumetone (3-OH-NAB).

The aim of the present study was to investigate the role of flavin-containing monooxygenase
(FMO) isoform 5 in the formation of 6-MNA from 3-OH-NAB. To eclucidate the
biotransformation of 3-OH-NAB to 6-MNA, an authentic standard of 3-OH-NAB was
synthesized and used as a substrate in an incubation with human liver samples or recombinant
enzymes.

The formation of 3-OH-NAB was observed after the incubation of NAB with various
cytochrome P450 (CYP) isoforms. However, 6-MNA itself was rarely detected from NAB
and 3-OH-NAB. Further experiments revealed a 6-MNA peak derived from 3-OH-NAB in
human hepatocytes. 6-MNA was also detected in the extract obtained from 3-OH-NAB by a
combined incubation of recombinant human FMOS5 and human liver S9.

We herein demonstrated that the reaction involves carbon-carbon cleavage catalyzed by
the Baeyer-Villiger oxidation (BVO) of a carbonyl compound, the BVO substrate, such as a
ketol, by FMOS. Further in vitro inhibition experiments showed that multiple non-CYP
enzymes are involved in the formation of 6-MNA from 3-OH-NAB.
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Xenobiotica, 50, 783-792 (2020)
A metabolic pathway for the prodrug nabumetone to the pharmacologically
active metabolite, 6-methoxy-2-naphthylacetic acid (6-MNA) by non-cytochrome

P450 enzymes

Kaori Matsumoto, Tetsuya Hasegawa, Kosuke Ohara (KXJ5UE %), Chihiro Takei,

Tomoyo Kamei, Jyunichi Koyanagi, Tamiko Takahashi, and Masayuki Akimoto

The pathway for the transformation of the prodrug nabumetone, 4-(6-methoxy-naphthalen-
2-yl)butan-2-on, to the active metabolite 6-methoxy-2-naphthylacetic acid (6-MNA), a potent
cyclooxygenase-2 inhibitor, has not yet been clarified in humans.

To confirm the activation pathway, authentic standards of the nabumetone inter-mediates,
2-(6-methoxynaphthalen-2-yl)ethyl acetate (6-MNEA), 2-(6-methoxynaphthalen-2-yl)ethan-
1-ol (6-MNE-ol) and 2-(6-methoxynaphthalen-2-yl)acetaldehyde were synthesized. High
performance liquid-chromatography and gas chromatography-mass spectrometry on nabumetone
oxidation revealed the generation of three metabolites.

The formation of 6-MNA after a 60-min incubation of nabumetone was detected and6-
MNE-ol, an alcohol-related intermediate, was also generated by in cryopreserved hepatocytes.
However, 6-MNA was below detection limit, but 4-(6-methoxynaphthalen-2-yl)butan-2-ol
(MNBO) and 4-(6-hydroxynaphthalen-2-yl)butan-2-one (M3) peak were found in both the
microsomes and S9 extracts with any cofactors.

Nabumetone has recently been proposed as a typical substrate of flavin-containing
monooxygenase isoform 5 (FMOS5) and was shown to be efficiently oxidized in vitro to 6-
MNEA. 6-MNA was detected in the extract obtained from a combined incubation of
recombinant FMOS5 and S9 fractions.

The specificity of FMOS5 towards catalyzing this Baeyer-Villiger oxidation (BVO) was
demonstrated by the inhibition of the BVO substrate, 4-methoxyphenylacetone. Further in
vitro inhibition studies demonstrated that multiple non-cytochrome P450 enzymes are

involved in the formation of 6-MNA.
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Journal of Pharmaceutical Investigation, 50, 71-79 (2020)
Roles of CYP2C9 and its variants (CYP2C9*2 and CYP2C9*3) in the metabolism
of 6-methoxy-2-napthylacetic acid, an active metabolite of the prodrug

nabumetone

Kaori Matsumoto, Tetsuya Hasegawa, Kosuke Ohara (KXJ5UE %), Chihiro Takei,

and Masayuki Akimoto

Nabumetone is a prodrug, used as an anti-inflammation agent and having the active
metabolite 6-methoxy-2-naphthylacetic acid (6-MNA). The role of the polymorphic enzyme
responsible for the 6-O-demethylation of 6-MNA to 6-hydroxy-2-naphtylacetic acid (6-HNA)
was studied using recombinant cytochrome CYP2C9 microsomes (CYP2C9.1, CYP2C9.2
and CYP2C9.3) and human liver microsomes of known genotypes of CYP2C9. Utilizing
recombinant CYP2C9.1, Vmax and Vmax/Km values of 6.3 + 3.3 pmol/min/pmol P450 and
12.4 £4.7 nL/min/pmol P450, respectively, were obtained for the 6-MNA metabolism, and
were almost similar to those in CYP2C9.2. In contrast, the Vmax/Km value in recombinant
CYP2C9.3 was about one-third that of CYP2C9.1. In kinetic studies using liver microsomes
of humans genotyped for the CYP2C9 genes, a sample genotyped as *3/*3 revealed about 4-
to 6-fold lower intrinsic clearance for 6-HNA formation than did samples genotyped as *1/*1.
No appreciable differences were observed in kinetic parameters for 6-HNA formation in
*1/%2 and *1/*3, while *2/*2 microsomes was comparable to wild type microsomes. In
addition, S-warfarin 7-hydroxylation by recombinant CYP2C9.1 and CYP2C9.3 was
inhibited by 6-MNA in a mixed manner. The apparent Ki value of 6-MNA on S-warfarin 7-
hydroxylation by CYP2C9.3 was higher than that by CYP2C9.1. These results may provide
valuable information for optimizing the anticoagulant activity of warfarin when nabumetone

is co-administrated to patients.
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