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Probing the Mechanism of Inactivation of the FOX-4 Cephamycinase by

Avibactam.

Nukaga M', Papp-Wallace KM?***, Hoshino T°, Lefurgy ST, Bethel CR’, Barnes MD'?,

Zeiser ET’, Johnson JK®, Bonomo RA***17,

Author information:
" Department of Pharmaceutical Sciences, Josai International University, Togane City,
Chiba, Japan.
2 Research Service, Louis Stokes Cleveland Department of Veterans Affairs,Cleveland,
Ohio, USA krisztina.papp@va.gov robert.bonomo@va.gov.
3 Department of Medicine, Case Western Reserve University, Cleveland, Ohio, USA.
* Department of Biochemistry, Case Western Reserve University, Cleveland, Ohio, USA.
> Graduate School of Pharmaceutical Sciences, Chiba University, Chuo-ku, Chiba, Japan.
6 Department of Chemistry, Hofstra University, Hempstead, New York, USA.
7 Research Service, Louis Stokes Cleveland Department of Veterans Affairs, Cleveland,
Ohio, USA.
¥ Department of Pathology, University of Maryland, Baltimore, Maryland, USA.
’ Department of Molecular Biology and Microbiology, Case Western Reserve University,
Cleveland, Ohio, USA.
' Department of Pharmacology, Case Western Reserve University, Cleveland, Ohio, USA.

Ceftazidime-avibactam is a "second-generation" B-lactam-B-lactamase inhibitor combination
that is effective against Enterobacteriaceae expressing class A extended-spectrum B-lactamases,
class A carbapenemases, and/or class C cephalosporinases. Knowledge of the interactions of

avibactam, a diazabicyclooctane with different B-lactamases, is required to anticipate future
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resistance threats. FOX family B-lactamases possess unique hydrolytic properties with a
broadened substrate profile to include cephamycins, partly as a result of an isoleucine at
position 346, instead of the conserved asparagine found in most AmpCs. Interestingly, a
single amino acid substitution at N346 in the Citrobacter AmpC is implicated in resistance
to the aztreonam-avibactam combination. In order to understand how diverse active-site
topologies affect avibactam inhibition, we tested a panel of clinical Enterobacteriaceae
isolates producing blaFOX using ceftazidime- avibactam, determined the biochemical
parameters for inhibition using the FOX-4 variant, and probed the atomic structure of
avibactam with FOX-4.

Avibactam restored susceptibility to ceftazidime for most isolates producing blaFOX; two
isolates, one expressing blaFOX-4 and the other producing blaFOX-5, displayed an MIC of
16 pg/ml for the combination. FOX-4 possessed a k2/K value of 1,800 + 100 M-1 - s-1 and
an off rate (koff) of 0.0013 £ 0.0003 s-1 Mass spectrometry showed that the FOX-4-
avibactam complex did not undergo chemical modification for 24 h. Analysis of the crystal
structure of FOX-4 with avibactam at a 1.5-A resolution revealed a unique characteristic of
this AmpC B-lactamase.

Unlike in the Pseudomonas-derived cephalosporinase 1 (PDC-1)-avibactam crystal structure,
interactions (e.g., hydrogen bonding) between avibactam and position 1346 in FOX-4 are
not evident. Furthermore, another residue is not observed to be close enough to compensate
for the loss of these critical hydrogen-bonding interactions. This observation supports
findings from the inhibition analysis of FOX-4; FOX-4 possessed the highest Kd
(dissociation constant) value (1,600 nM) for avibactam compared to other AmpCs (7 to 660
nM). Medicinal chemists must consider the properties of extended-spectrum AmpCs, such

as the FOX B-lactamases, for the design of future diazabicyclooctanes.
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Comparison of the effects of pachymic acid, moronic acid and hydrocortisone
on the polysome loading of RNAs in lipopolysaccharide-treated THP-1

macrophages.

Tomohito Kakegawa (%% )11 & N)', Lucia SatikoYoshida®, Mariko Takada', Mari Noguchi',

Ken Yasukawa’and Hiromi Takano-Ohmuro?

' Faculty of Pharmaceutical Sciences, Josai International University, 1 Gumyo, Togane,
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* School of Pharmacy, Nihon University, 7-7-1, Narashinodai, Chiba 274-8555, Japan

We have proposed that analysis of ribosome-loaded mRNAs (i.e., the translatome) is useful
for elucidation of pharmacological effects of phytocompounds in immune cells, regarding
the involvement of post-transcriptional regulation mechanisms. In the present study, we
compared the effects of pachymic acid from Poria cocos fungus and moronic acid from
propolis with those of hydrocortisone on the translatomes of THP-1 macrophages exposed
to bacterial lipopolysaccharide (LPS) to find clues to their biological effects.
Polysome-associated RNAs collected from cells treated for 3 h with LPS plus each of the
compounds were analyzed by DNA microarray followed by analyses of pathways/gene
ontologies (GO). Upregulated RNAs in enriched pathways that were found to contain
AUUUA (AU)-rich motifs were checked by real-time PCR, and expression of candidate
RNA-binding proteins stabilizing/destabilizing such AU-rich mRNAs was checked by
Western blotting. The numbers of upregulated and downregulated genes (fold-changes + 2.0
versus vehicle-control) were, respectively, 209 and 125 for moronic acid, 23 and 2 for
pachymic acid, and 214 and 59 for hydrocortisone treatment. Overlapping with

hydrocortisone treatment for upregulation were 158 genes in moronic acid and 17 in
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pachymic acid treatment; of these, 16 overlapped within all treatments (C-X-C motif
chemokine ligands, interferon-induced protein with tetratricopeptide repeats, etc.). Pathway
analyses showed GO enrichments such as ‘immune response’, ‘receptor binding’,
‘extracellular space’ etc. The pachymic acid-upregulated mRNAs (highly overlapped with
the other 2 treatments) showed the presence of signal peptides and AU-rich motifs,
suggesting regulation by AU-rich element (ARE)-binding proteins. The expression of
ARE-binding protein HuR/ELAV-1 was increased by the 3 compounds, and AUF1/hnRNP D
was decreased by pachymic acid. These results suggested that pachymic acid and moronic
acid effects may involve as yet unknown post-transcriptional modulation via ARE-binding

proteins resembling that of glucocorticoids.

56



ABAL AR R

[#5&% 5]
T OEH, BIIKA, SHIFHI T, K=EiLE SaAvOFIRSIa=vIZES TPA
FEErI/OT7F—CRMBICE TR EEFRIBORS

i EOTHI T, B ERAL, BN, KREILE BEEERE22/30(E, B 5O mRNAs
DYRY—LO—FT4oTEHET S

R, BIIAAN, K=EjLE FREEIES Alpinone 3-Acetate [Z&% olfactory
receptor B {n F D R BR A&
550137 [l RS2 (4R 2018.3)

HEEEE DIWNARRLGBREEYY B-5087—EDBELS HEE

530 EMEM ORI YL B EFERKEREHITS ¥ /XX, 2018.8) I =T 2R
UL RREMHE DB TFTOMEWISE

57



(HEHE - HBHES
KHER WBEMRTELOBROBEALEE THEREESTEREREN/NGG
P A G RMES (T3, 2018.2)

KHER HEROBEREER ~LENPEFIMOLEE~ (LRSS S PR
(FFKF, 2018.6)

KHER RBREFGHZMEIEFTTEGEDN-FXEB-KEB) HELMEFHELSPEX
HHES (TRABMEE) (A, 2018.6)

KHER LYKWBBEZOHILT BEEFEER HECFRETEY e EE
KEZEHEF v 82 < B)IIF ¥ )2 (T3, 2018.8)

KHAER mEEZELTFEN, EZERLWVIUNRLTTAORTASAYT ] £ EE
2018 & X F— (R, 2018.10)

KHER REFGHZMEIEFTTEGEDN-XEB-KEB) EELHEHE LS E
XEHE S (TTRABGEE) (BJI, 2018.11)

WHES FYIWBEEZHELT BEAFEER HELTPIREIGEYE W EE
KEHEF v 82 < B)IIF ¥ %2 (T, 2018.8)

[ D]

B, ZHKERS, ERZELNR, B&#mE, WAZEH, A, EmEH
2017 FLEBEERREARBTREAEEFOT7V —MAE —HEFRHRPE
- RAR—YEICEBLT— FEEsEarsesa® 3, 231-233 (2017)

P, HKESR, EBFER, HEO, BEMmZ, LAZH, YHIEH
2017 £ 2ESEFREBEHFERR BLBRAEEICETHHTYAVMERRKR

58



e FEriipFgefn sl 13, 234-242 (2017)

FUKEH S, BIEFEKXR, FElrl, BmE, WAZRH, P, ZHEY

2017 FLERSFERBREAKRBTREAEERFERRELETUS—MRAE —B&EFED
T4 av DEEMSIZDONT—  BE EEHEAFZE B 13, 243-247 (2017)

WARZZE, ZUKERF, BBFN, RO, HmZE, ST, ZEIEW

2017 FLEESEERRLEEBEREAEERFEARELETV —FAE — AR
MEEFS SOC IZDWNVT—(E—) [ Bt 7E# 2 13, 248-250 (2017)

[Fa5%]
AKHER HBREBEFHICETZ759210La—REZR)G5 S RTL(FGM) D

SRATTREEDRET RANE - &Y B 720K (I, 2018.5)

SR, EIREST, AHE—, TR P, BRAIEH, A BN, RITRE,
=LA, AR =, EAEE BRERISIVFOBENZENICRETEE —THAR
BRRERZBOKEIOITSLI— HAEZLHEER H3EAS (B, 2018.9)

MRS, FAIRER, FIRST UATOYRAOX) U EV IR AT LE# T

BitcL—=2F (EEHEEREFHAASHOELESETIOISL) HANL—=V
J¥eiEa ke 7 hRIKE (KK, 2018.12)

59



o
HE
=~
4k
=
o
st

[ R 3]
J Circadian Rhythms. 2018;16:5. doi: 10.5334/jcr.156.

Time of Administration of Acute or Chronic Doses of Imipramine Affects its

Anti- depressant Action in Rats.

Kawai H, Kodaira N, Tanaka C, Ishibashi T (i ff#i 1), Kudo N, Kawashima Y, Mitsumoto A
OEAFE H).

Abstract

The pathogenesis and therapeutics of depression are linked to the operation of the circadian
system. Here, we studied the chronopharmacological action of a tricyclic antidepressant,
imipramine. Male adult Wistar-Hannover rats were administered imipramine acutely or
chronically in the morning or in the evening. The antidepressant action of imipramine was
analyzed using the forced swim test (FST). A single dose of imipramine (30 mg/kg) in the
morning, but not in the evening, reduced immobility and increased climbing in the FST. The
plasma concentrations of imipramine and its metabolite, desipramine, were slightly higher
in the morning than in the evening, which might explain the dosing time-dependent action
of imipramine. Next, we analyzed the effect of chronic imipramine treatment. Rats received
imipramine in the morning or in the evening for 2 weeks. The morning treatment resulted in
larger effects in the FST than the evening treatment, and was effective at a dose that was
ineffective when administered acutely. The levels of brain a-adrenergic receptors tended to
decrease after chronic imipramine treatment. Imipramine might interact with noradrenergic
neurons, and this interaction might chronically alter receptor expression. This alteration
seemed greater in the morning than in the evening, which might explain the dosing

time-dependent action of imipramine.
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Biomed Res. 2018;39(1):47-55.

Short and long photoperiods differentially exacerbate corticosterone-induced

physical and psychological symptoms in mice.

Kawai H, Inabe J, Ishibashi T (f2 & #i41), Kudo N, Kawashima Y, Mitsumoto A (AN 51).

Abstract

Circadian disruption affects the pathogenesis and development of various diseases.
Depression is one of the most common diseases that relate to circadian rhythm. In this study,
we analyzed the effects of daily light/dark (LD) conditions on depression and other
symptoms, and also analyzed the mixed effects of LD conditions and corticosterone
treatment. Male adult C57BL/6 mice were treated with corticosterone in a normal LD cycle
of 12 hours light and 12 hours dark (LD12 : 12), short day conditions of 6 hours light and
18 hours dark (LD6 : 18), or long day conditions of 21 hours light and 3 hours dark (LD21 :
3). The activity rhythms of mice in aberrant LD conditions were entrained within 2 weeks.
After 6 weeks of exposure, several behavioral tests were conducted. Corticosterone induced
body weight gain and depression-like symptoms. The short or long LD conditions had little
effect on vehicle-treated mice behavior. However, the aberrant LD conditions exacerbated
the corticosterone-induced symptoms. Mice treated with corticosterone in LD6 : 18 showed
exacerbated depression-like symptoms in a novelty suppressed feeding test. On the other
hand, LD21 : 3 did not show any effects on mood, but enhanced corticosterone-induced
body weight gain. These results indicated that aberrant LD conditions could act as an
exacerbating factor for corticosterone-induced symptoms, and that short and long
photoperiods induce different psychological and physiological changes. This corticosterone
+ aberrant LD model could be a useful animal model for investigating the effect of LD

conditions on depression, obesity, and other symptoms in stressful circumstances.
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Biol Pharm Bull. 2018;41(2):213-219.

Chronopharmacological Analysis of Antidepressant Activity of a Dual-Action

Serotonin Noradrenaline Reuptake Inhibitor (SNRI), Milnacipran, in Rats.

Kawai H, Machida M, Ishibashi T (£ #& #i 1), Kudo N, Kawashima Y, Mitsumoto A
CEARFE ).

Abstract

Biological rhythms are thought to be related to the pathogenesis and therapy of various
diseases including depression. Here we investigated the influence of circadian rhythms on
the antidepressant activity of the dual-action serotonin-noradrenaline reuptake inhibitor
(SNRI) milnacipran. Rats administered milnacipran in the morning (8:00 a.m.; zeitgeber
time [ZT]1) or in the evening (8:00 p.m.; ZT13) were analyzed in a forced swim test (FST).
At ZT1, the rats' immobility was reduced and the swimming was increased, whereas at
ZT13, their climbing was increased. These results suggest that the serotonergic and
noradrenergic systems are preferentially affected at ZT1 and ZT13, respectively by
milnacipran. We analyzed the plasma and brain levels of milnacipran after administration,
and there were no differences between ZT1 and ZT13. The circadian rhythm of monoamine
neurotransmitters was analyzed in several brain regions. The serotonin turnover showed
rhythms with a peak during ZT18-ZT22 in hippocampus. The noradrenaline turnover
showed rhythms with a peak during ZT22-ZT2. There was a difference of approx. 4 h
between the serotonergic and noradrenergic systems. This time difference might be one of
the factors that affect the action of milnacipran and contribute to the dosing time-dependent

behavioral pattern in the FST.
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J Pharmacol Exp Ther. 2018; 366(1):194-204.
Reduction in Secretion of Very Low Density Lipoprotein-Triacylglycerol by a
Matrix Metalloproteinase Inhibitor in a Rat Model of Diet-Induced

Hypertriglyceridemia.

Kawashima Y, Eguchi Y, Yamazaki T ((LUIFF  #f) , Karahashi M, Kawai H, Kudo N.

Abstract

Matrix metalloproteinase inhibitors (MMPIs) reduced serum triacylglycerol (TAG) levels in
streptozotocin-induced diabetic rats and Zucker fa/fa rats in our previous study. However,
the mechanisms underlying TAG reduction by MMPIs remain unclear. The present study
aimed to elucidate the mechanism by which F81-1144b, an MMPI, lowers serum TAG
levels in an animal model of high-sucrose diet (HSD)-induced hypertriglyceridemia.
F81-1144b was repeatedly administered to rats fed HSD, and its effects were evaluated on
TAG levels in serum and the liver, very low density lipoprotein (VLDL) secretion, de novo
fatty acid (FA) synthesis in the liver, and the expression of genes regulating the metabolism
of FA, TAG, and VLDL in the liver and serum. F81-1144b lowered TAG levels in serum
and the liver, VLDL-TAG secretion, de novo FA synthesis in the liver, and serum levels of
insulin and glucose. F81-1144b suppressed the expression of genes related to the de novo
synthesis of FA and TAG, key proteins (lipin 1 and apolipoprotein CIII) responsible for
VLDL metabolism, and sterol regulatory element-binding protein-lc and carbohydrate
response element-binding protein. F81-1144b little affected the expression of genes related
directly to the degradation of TAG or FA, but it upregulated that of gene for uncoupling
protein 2 in the liver. These results suggest that MMPIs are a novel type of therapeutic
agent for the treatment of hypertriglyceridemia, because the metabolic effects of F81-1144b
expected from changes in the expression of genes regulating lipid metabolism would alter

metabolism differently from those induced by fibrates, niacin, or n-3 FAs.

63



& AL BF

o
st

[F=FE]
Hiroshi Kawai, Jin Inabe, Takuya Ishibashi ({1454 11), Atsushi Mitsumoto (JtASHE 51)
WCP2018 — 18™ world congress of basic and clinical pharmacology (2018/7/1-6, Kyoto)
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induced by chronic corticosterone treatment in mice
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2018-19 4FhR  FEFEHL - HIEMB, EEFEMES (W), HEA®RE, BT,
pp.508-516, pp.544-545, pp.546-548, pp.549-552, pp.553-554, pp.555-557. (2018 4F
4 1)
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Qe o SR CY)

MBENRARBREOREETOTI7MLEMERAXE~NDEBERTLERRO R
B ALXaSMN)—HAIVAHR

RFRERREFMRBVEREZER EXRTMAFEE ZB =X

2#H

ARFFEITEIRMBITBE T 5 RSFAETH 0, FEERRBREAE O v M 22 T~ 4t
FATREME DM A Z B L LT, AARTEAR I N MRS ATEREZ x5 & LTI
RBR AR 3 & O R BB kA & 2 BB L OVEN 22 b EE S -2t 7 n
Ty ANEFM L. ZOME, BHNREET 0T 7 A VR E LV LU
BELNVOMAEDE LRI S BEICOET L2 ZENART, S6IcEERRT
DOFFRAZ—% (B L7z ADR (b L<IiX AE) OFEBHHOHE (—BFE) &L
TRINDEWNRZENET T 7 A4V & ORICHBENRD bz,

R RBEAE O & MR EMET R A~DIT O 726, Hl MRt L C A R
i BRI B 2 IR R R AR BT 2 B LA A KT A v« A X R
FEORAE, ICH ICH T2 —Ho CTD &, ik (RiElek) ZadRickiT 5
RMP ER DB D IR RS A AT 204 RT A >« HA X v R E D],
BELOBMLES~DOIFERELERMEFROTLHMORFEELRE T H. £z, ZIUTHE
WBHFE ARk L CiE, FERRRBRAR A B £ 2 7o IR EMFmEFEOER, I 51
KRR X EREFEF TR U CIERRIR B AR 36 & OVRR IR SBR il i 2 B S 1 To &4
WTa 77 A VICHETDERBRETRET DLW T 5.

F1E Fil

L¥ 27 b —H% A2 (RS) IE, 1987 2, TR=EHTo ML Z HIZ A &4k
BB ORBEEF LVRICHE (LX2Lb— ) 75700, FHl - 57 - Ik
DOFF] & LTZOMENIEB S ' EATEE B K OWNTATEE A B 3K R IR
amie o tAE (PMDA) 1%, BEHEM M OEREIRICET 5 RS 2 BMAY ICHEE L B A
DHFNLRFOEZ H 2L AT FEL TV Z L1, ERLE, ERERSEOHRFE,

68



(= e

LARXE, LOHEREERFEOZRITICHE L, BFETBICHT2EHROGBEZ &
L7200 Th, EEFMAHE LA OHIGFIN A EEEZRZL TN ZEITD
WRDHELT? FHOKESIOTA KT A2 - AL ZEOIERIZIANT 72 RS
ozt L TN D.

BB WT, RRBEZT L LT 28T, BEEFHEDSTEDDI LI AL
0, WS EIC R R B A Fa“éﬁ“éi%ﬂ%@f&@%ﬂ%%ﬁbeﬁ L2 hiE7e
LRV LINTWD. KEHFEERZERT 2B FE T 2RO 5 ERLZ Ol
REELOLEOREEDOHRECOVTIIEL2DHA RIA4 U MMER S, A%
INTWD. Fric, BEELBH OERMEZ B9 & 3 2 3L R E R
(ICH)) (ZHBW T, ME, Z4atk, AR X CEAEEO 4 SOOIV TEH
WSAL, ICHATA R4 ELTARINTNS.

BRI AR INTZTA RT A4 U FEE2SEBIC EER AT D08, A
K7 A ‘/K%E%!iéﬂfu\fm\ﬁﬁbi%iﬁ%(‘:ﬁ“m“é’dm’ KNI A U ST Vhin
HOMEPFET LS. flxiE, BATHA RI A4 2B0 L, EERBREEO e b
LA TR A~OIMFEOFMFEICET 525X a2 R L bOIIMERENTE LT,

PEFRBR AR OB IZBI R S ORBRITIKFEL TR Y, RSHEICLDTA KT A
VEMEOLENMFIND. £z, EEMLORERTARIE O OKEHEE
BHZREH T R & WAL ICH-M4 I EH R SLE (L& R (CTD) & LTHUE Sh, FEER
AR L O ERIRRREAE 2 B S T 722t 7 7 A AF#Ic BT 21 H X
FAET 20, LHOBMASLHAEZEIIARICHESNTELT, BIRTIXIIh S %26
RO EBE KT L TV DT, KRR O b b2t 7~ O e
DT DDHTRERVLETHDLEEZD.

PMDA (THEHK G AREEELFICHOIEEEOZOORBEEE 2 ALK L TE
0, IR O IR R AR O BRSO W TR, THEEEENCR S IR R 5R

ORBECB N TRET RERNB 20D ICHETLIEIHREL TS, £,
PMDA MMERRT 2B EREE 101L, BRET RSN oML LT, BEAENE
mEEAZHEZ S, b LIBKHE CORE L LN EGEE TORE L~V &
ZHHFEMEICR LT, FEENS ZRENkV] b LIE IZ2elnEonT
WV FEDOE FAOLZEEOBRERICET M T Z LR STV D.

R R S O VR SCEORFBEEIZ OV T, TRk 9 4F 4 A0 TERHERS
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WA XEORWEEIZOWTY C, TERAERELOEH EOEBEOREEHEIC OV
T) 7, BEO TEFEAEEGRMNCEORWEHEICONVWT) P ICXoTmREaNTE
7=, Z20t%, EROESLE L, 1T SiitoERE, EHREA IR & REAKRE <
ElLeZ &R, BERREEOTLODOEEMMTEHEDO RE LIZOWTORE R L
ZEEE 2, R 29 FICERHEE IR SCE OB EHEICOWTRE LA THN,
MR S S D IR CES O R EHEIC> W T ) (FridfEERE®ER), BIOY
(ERAERLORMN CEEZOCREEOFABFHICOVWT " Gl EEiREE
o) NREHEN. FElEEREESICBNT, TFEHERRICES S HBERIZHOW
TIE, FRRE RS L ZRMABE L CREllT22 &) &3, ZalIR
L EEREZERT DD E LTMEST ORI &b, EREEER X OB%
SthicE o T, BERBOREMEFTMIcH - HEERBRCOBRBER L HABRER L &
g U7 2R BT 2 (BN E et T e 7 74 L) BIOERNEEE T 7 7
ANDE NEEETHA~OIFEREMEICET 28 (AL eEr e 7 7 A4 0) I
HERFHE ST,

F2E MBENAVRBREOENREETOD7MILOFME
B

KRHEZENE LZERLBEBICBNT, EERLOZEMEITEERBIC L HE
fREi, MR (No Observed Adverse Effect Level, NOAEL) B X OV hF v aF%x
7 4 7 A (Toxicokinetics , TK) (¥t MIIBITHLEMEFMICENTHHRERTSH
5. mMERBEE O v M BT R~ 0T R Z R 70, MK A D)
BE - IR ZFFOPUEMEIE RIS B U 2 K& L NOAEL L oMk, BLOE &
BB LBBEREL -V OBRERAE L, FEMRRBRAE & BRRRBRE L 25
HESTF - BNLZEMET a7 7 A VEFMLE .

Aik

2009 72 B 2013 4EARGR O A DR @ A EFE S (NME) 423 iy O 9 5, iR A
A DBIRESITR R Z DD 18 i AR R L Liz. HSTITOWT, FEER B
e L CREERGHEERR TR b RZ IO E - 2B D NOAEL, NOAEL (251}
LR, WARBRAEE L TARSI N ckEEGES LOKBEHEREO kmik 5 &

70



[ FE AR AT 7E

R L7,

B R BUBR AR O AR DS DWW TR, AR ABRE X R O HIRAR IS 3 1 2 B AL
AL, FEERRBAGE O BRI OV TR b EZEO S W E O K E# 5
\ZH 1T D IR G- IF D FRIBR R & 1B 5 L7z

B 58 L ~UL D7 2% (Safety Index by dose, SI-D), 3 L OWEFE & L /L (Cmax
BLWAUC) D253 (Safety Index by Cmax, SI-C 3 X O Safety Index by AUC,
SI-A) IFLLFoRic kv HH L.

SI-D = NOAEL (mg/kg/day) / maximum approved dose (mg/kg/day)

SI-C = Cmax at NOAEL (pg/mL) / Cmax at maximum approved dose (ng/mL)

SI-A = AUC at NOAEL (pg * h/mL) / AUC at maximum approved dose (ug * h/mL)

BHRZEET 07 7 A, BEBELVALE XUREE VL O 2R Z /A
G, HFEHRE LTINS VO SHEEICHE L (Fig. 1).

III Dose level Exposure level Exposure level

Animal Human Animal Human Animal Human Animal Human

IEI Dose level Exposure level Dose level Exposure level

Animal Human Animal Human Animal Human Animal Human

Dose level Exposure level

] NoAEL
[] Maximum approved dose

E Exposure at NOAEL
@ Exposure at Maximum approved dose

Animal Human Animal Human

Fig. 1 Quantitative Safety Profile
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I | Profilel : SI-D>1.0and SI-Cor SI-A>1.0 (kb LEFE LW ENEEMET 07 7 A V)

Il | Profiled : SI-D=1.0 and SI-C or SI-A=1.0 (EE LWEMLEET 17 71 1)

I | Profilelll : SI-D >1.0 and SI-C or SI-A<1.0 (R°RCIEF 2 HWI L BEMERMET a7 7 A1)
w | ProfilelV : SI-D <1.0 and SI-C or SI-A>1.0 (HFE & B3 5 BEMWLEET T 7 7 A V)

v | ProfileV : SI-D <1.0 and SI-C or SI-A<1.0 (g bIEEZETHEBNZEET 27 7 A V)

BR-B=

KHELE LI I8 D O D, BRARBO R HLERRBREEN G LR 1
R BRIV L, R0 D 1T iy TG L LTz,

SI-D & 537 17 By O g (range) 1% 1.1 (0.1-40.0) THY, D HH 8
By 3 1.0 Kiifi Td o 72, SI-C 3G S a7z 8 plsy O i Yefif (range) 1% 0.47 (0.015-6.3)
ThO, 2025 6 AN 1.0 Rl CTh-o7o. £/, SI-A BEF LT 9 Flsr Ok
f& (range) 1% 0.11 (0.004-62.9) THYH, ZDH5H 6 AN 10K THo7. b6
(2, SI-D NEHTE D 9 HD 47%, SI-C BEHTELZRL DD H> B D 75%, B
LFOSARRHTEIEL DD O HD 67%IC8WT, BN 1LORMBTHL Z &
N BN E RS Tz.

SI-D & SI-C & D, B XU SI-D & SI-A & ORIZIEDFIBE 2378 % 5 41 (SI-D versus
SI-C: Spearman’s r = 0.9524, p < 0.01; SI-D versus SI-A: Spearman’s r = 0.7699, p <0.05),
BB LNV OB SBRER L L OLEREE, THARETHL (FbRE
BE) Z &R ET-.

BHZRMET 07 7 A VDGR 1 IS OWTHREE R Y, 205 B 3 [lisy
Ta Ty AN, 2 3T e T s AV, BER6EDIET e T s AN VICHHES
niz. BRLZEETa 774V, IV, BXOVIZHESNDEANT, S e b

TIZAANEEE S L ISR R 22 5 S0 E b B ERBREE TIZe hTo%
PEE TSI TE RN EEBWR L, BERBREZ1T 5 BICIXRRI 22 Bl S L B
5.

W
iR & & B IEREBR O NOAEL & b, L OEGKRM EICK T 2185 & & &t

RERD NOAEL 28T 2@ EA kg4 5 2 &%, #mERBkEEFIH L TEe M
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BUIAREMTIEIT) DO ETERFEO—>ThH L. wHERBREGE AR R
R LT3 D 2R 1.0 R OH AL, NOAEL IR T2 # 58 L IIRHERE
2, EAHES LMK ECTORERL TRIL Z LA BEW®RT 52720, HERR
RARITE hTOREMARBETERNILEZRLTWD., 20D, BefkriE
e L &NREET v 7 7 A VORNIE, BERBRAGEO v N2 T~ 54
HAREMEZBRHANT 2 ECHAMRTFETHD B 2D, AREFEEICBOTHLLEEREK
EREL L8N ZRET 07 7 A VORI T TS Z Lv6, CTD Module
212 Te N TOREMTRNCI T 2 FERERBERAAE O ST FTRENME ) O Fr =R H Ok
ExRETDH.

HEI3E MBENAABREOENREMITOI7MILOFFE
B#

2 EOMEE S HICKRBSELET, MK A BRI O IE KRB &
RERBRAE & A B S T - BR e T 0 7 7 A LV EFAM Lz, WIC MR ER Ak
(AT RS LIIIEFHEFTR) ov M2t TR~/ EIZE L T, &L att
a7y A VORI EEE RS2 BT, BEAFTR (FEEFTASE LW
AT IEEMERT ) (- — B GEED L7 WA E G (ADR) (b L <I13A FFS (AE))
BEMHOFAEL LTREND BREFEWNELET 77 A VELTEHKL, &
a7 r 7 7 AL L OB RE L7 2

Ak

2009 725 2016 FAEFR D NMES39 0 D 95 6, MK A DRe X ITh K% 6o
28 IR B ARG L Uiz, KoV CIER R R B AR & U OB 5 # ik 5R
Tk bERZMOFEM» - 28 D NOAEL, NOAEL (R} 2B H#E &, K/ mttiE
(Lowest Observed Adverse Effect Level, LOAEL), LOAEL (2451} 5 3T A, LOAEL
DEF BN TR WEAIZIE NOAEL ICB T 5T, 5 X OHGE B kg & L &R
ShikkmE bR, ARINEREH#HGFRICBITSBER, BXWADR (L LIX
AE) ZHiH L7z,

BRIR BRSSOV TR, B AR AR 5k 5 0 3B i & B 2 L 72

SI-D, SI-C, SI-A, BIOEBMZEMET o 77 A%, 6 2 BIRLEHETY
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¥ L7,

FERG R BB A ALIZ DV Tid, NOAEL Z#8 % 2 HE TOHMERB N Ehi ST\ 5
%56 1% LOAEL TO BT 2 it L, NOAEL %8 x % H & T O m M alB s i <
NTWRWY AL, NOAEL TORTH (BT IZEESE L7gavwy) Zhi L7z,

i R BRI B 1 D ADR 122V TiE, LOAEL TORBRAE N S 5 ks T,
AEHESIEMERLE ' (CTCAE) 7 L— N3 LI ED ADR © 95 5, FERGKRER
\Z81F % LOAEL THHL L 7= F T e —% (8 42 ADR Z il L72. NOAEL
ZHEZHHETORMERRAEM I THB 5T LOAEL TORBREAD 72 VA7 IS
DWW TCIE, CTCAE 7' L— F 1 LLF®D ADR @ 5 5, NOAEL THHL L 7= fic— B (31
) 4% ADR ZHiH L7-. 723, ADR DbV IZ AE BRI TWHEAIT AE
L7,

MR BREAE 121D ADR (b L< 1T AE) & HREKERBRICBIT D HEFA S L
SEHAFTRAZRKIZ, B M@z T—8 (BE) T250008RD NS,

D WX E O fEE CRBEOZ N BIR SN HAIC [—8 ERD ) whEL, —#
KFUTFToRIcIvREHBLE.

1) LOAEL TORBRAAED B D a5y

—HHE (%) = (FHEMEARIC L7 CTCAE 7' L — K3 Ll Ed ADR (4 L< i AE)

FHAML/ 7LV — R 3L ED ADR (b L <X AE) #FEBFE) =100
2) NOAEL ##z 2 HE TO @RI I TV pn=, LOAEL Tk

FRAE D3 72 RSy

—HE (%) = GEHEMEFRLIC—%L77 CTCAE ZL— K 1 LLF® ADR (% L
<X AE) RBME¥/ 71— K 1LLF® ADR (% L< X AE) #EBMFE) <100

723, ADR OV IZ AE RFE#Hl SN TV A 561X AE A fhii L7-.

HMERE L2280 DD, BEBEOFEHICLERRBREEN GO Rro72 1
R BRIV L, R0 D 27 iy RN G L LTz,

26 )5y (ZL— R 1LLF®D ADR OB i TE 2otz 1 linabr<) O—
FOPFRAKIL 18.5% (range: 0-84.8%) THMMNKE Mhoto. EHEHLOFER T,
K FEB I OHEREED —BROPREIZEN LN 18.5%B L 143%TH Y, f
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BEEERO LN o7 (p=0.839). HHERRICEB W TR BIEZMEDO &> 2B
AT oRBEL L IFFET o mBEICHEL T —HEEHE B LA, ZNELO
HREIE 24.3% B LN 16.7% THRBREZFRDO Lo (p=10.935). FoEER
RN RS L IIEFICHE L —BROPRAMEIL, ZHZE1 6.8%F KT 21.8%
THEZITIRD N o7 (p=0.169).

BWLZEMET 07 7 A VPO —BROPREZ, o771, T, BLOV
WCBWTENZEN 3.8%, 6.8%, BLU26.7%Tho7z. HRENE T 77 A 1L
LTERLE—BRLEENLE2ET e 7 7 A VDR EZRT (Fig. 2). —BE L

BHLZE2ETe 7740 (1 ~V) LORBIZBWT, EOMBENRD LN
(Spearman’s r = 0.448, p=0.047).

Concordance Rate (%) n=26
r=0.448, p =0.047

100 -
80 ¢
1 S
’

60 -
,
40 - ¢
’
20 - + $
. . .
0 + *
| ] ]| v v

Quantitative Safety Profile

Fig. 2 Correlation between concordance rate and quantitative safety profile

26 By DO —BEIL 0~84.8% &L AN KE W, FEEERRBEAE D O ADR (b
L <X AE) O FPHIFTEetE 2 WfERICRIE T 2 Z L IdR#EEEZE 2 6 5. L, —
BREENLZEMET e 77 ANV EDOMICIEQOHBENRD b, BENLZEET 7 7
ANMBEIOVIEHEIND G IERNLRET 17 7 AV LIZHBEEND I
L CTEW—EHE AR T ZENRBEN-Z &b, BMAAERSLIO/ b LI
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AR CTORBEREN/EFEEEBL IO/ b L ITEFMEE TORE &2 82 5 &1
HEWT 07 7 A NV ERONKS T, BHERBRTOR2S ADR (b L <X AE)
~OTRATEERFHNEEZDBXD. - T, ZTALDKIITOWTIEL, LOAEL IZ
B DRI E —% EED 325 ADR (b L<IL AE) O%BLZ THlT5Z LI
XV, WU eMRMEE S ERE LA RBRET ) LN TEDLLEEZD.

faim

ARAFFE TR\ FIEE, B35 O IR R R AE & 5 R BRI 2 B S 1 2%
EYERMICER Y, VR - RRxT 4w MeiiiT2 ECHERATHL EEXD. &
EEODOEFEIZIT, FEHERRBRICBOW TR T RE AN WD BETH
AU, ICH-E2E" THIET % EH G L AW E (RMP) 2B\ CIERREK o2 atIcB
THHAROZREREZ R THLERSH D Z 05, CTD Module2 (2 B h TOZRE2HE
THNZF1T D IR B O SMEATREME ) OB RHE OREX RS T 5.

FIE ERAERRORAXEERICETAERROFA

PMDA ([ZBWT, H 1 ETHRANZHEAEB OO O EFHEICH S & EELDKR
FENEM S, EHERBREGEC BRRBRICBS T 2R ECBRERZBE ST 2%
EIICER LB/ T TWD., b oHEf, FSERBAEO v M2k
FRI~OIFRAREMEITAREE LOTELRREFRETH DL Z L 2RT.

il EEAEEMICB VT, B h~OAMEEIZHA S TRV, BT 5
NIZBwMEAT R ThH - T, FICHERERELMRICHHT L2 L &3, FraddiZEmE
RIS W TLERBITIRA CEFRZMR T 5HA & L TEST b,
EROBEEDOTZOOHEFENKBEINT-HDEEZBND.

AFRICHE VT, i EEREERN COREINEZEMOFEEL L THRFEL
UV DREREE E BT L L O R BFREICON T, B LIEZIEO & o B o I
FHEREBEARAE, BLOEICHIET 2BRERELZ HWENLZEET e 7 7 A LD
P 24T o 7228, ZOFEE, Bl @Bl ERREEIC KT 5 1152 FERRRERIC K
SHER) CTHERIND THARMER S LR LEZER) 2i#T2B0s3 Ik
LHEEZD.
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H5E #BiF

ARAFFEITEIRMBITBE T 5 RSFETH 0, FFERRBREAE O v M 22 T~ 4t
FrREEOBRFEZ BN E LT, AATERINI MRS ATRRIEZXI S & L IR
RBBR AR 3 & O R BB kA & 2 BB L OVEN 22 b EE S -2 et 7 n
Ty ANEFM L. ZOME, BHREET 0T 7 A VR &LV LU
R LNV OMAEDE LRI S BEICOET 22 ENART, SoIcEERRT
DOFTRAZ—% (FfE) L7z ADR (b L<IX AE) OFRBMHHOHE (—BFE) &L
TRINDEWNRZENET 7 7 A4V & ORICHBENRO bz,

R RBEAE O b MR EMET R A~DITO 726, Hl M it L C R R
i BRI B 2 IR AR B AR BT 2 B L OHA KT A v« A X R
LD, ICH ICB T2 —Ho CTD tiE, ik (BiElek) ZadRickiT 5
RMP ER DB D IR RS A BT 204 KT A >« A X v R E D],
BELOBMLEAS~DOIFERLELMEFROTLHMORFEELRE T H. £z, ZIUTHE
WBAFE SR LTI, FERRIR R AR & I £ 2 716 st B E DR, I 51T
KRR VX EREFEF 1R U CIRRRIR R AR 36 L OVRR IR S BR il i 2 B S 1 To &4
PWTa 77 A VICHET DERBEETET DL O WMFHT 5.

5| A XXk

1 WILFE. Regulatory Science, 42 ATk B 77 @) #H & E 32 fir A2 B 5 30 = = — X
1987 ; No272: 1.

2 Tominaga T, Asahina Y, Uyama Y, Kondo T. Regulatory Science as a Bridge Between
Science and Society, Clinical Pharmacology & Therapeutics. 2011; 90:29-31.

3 ICH. Organization of the common technical documents for the registration of
pharmaceuticals for human use M4.
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https://www.pmda.go.jp/files/000157674.pdf.
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Study of Child-resistant Packaging Technologies to Prevent Children from

Accidental Ingestion of Drugs in Japan

Masaru Mizoguchi ', Go Miura (= &) ', and Fumiyoshi Ojima’

' Laboratory of Pharmacotherapeutics, Faculty of Pharmaceutical Sciences, Josai International
University.
* Laboratory of Clinical Pharmaceutics, Yokohama University of Pharmacy.

? Clinical Pharmaceutical Practice Center, Tohoku Medical and Pharmaceutical University.

When handling high risk medications, such as anticancer agents, at home, it is necessary to
take measures to prevent children from accidentally ingesting these drugs. In this study, we
investigated pediatric characteristics such as literacy ability and finger function in Japanese
subjects and examined the usefulness of child-resistant (CR) packaging technologies used in
the U.S. when given to children in Japan. The survey covered 104 Japanese children aged
37-84 months. The results of the survey revealed that of the five types of CR packaging
technologies, that which leveraged the differences in hand size and muscle mass between
children and adults was effective against children aged 3-6 years. However, the CR
packaging styles that rely on literacy, the ability to use tools, and the ability to perform
complex operations are only applicable to children of a certain age. This suggests that the
differences in the language, culture, and preschool education between Japan and the U.S.
have a significant influence on pediatric characteristics. Based on the results of this study, it
is possible to adopt CR packaging for Japanese children, which is expected to decrease the

number of cases of accidental drug ingestion by children in Japan.
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Investigation of an efficient method for collecting precise volume of injection
liquid; - Comparison of methods to remove air before (Before withdrawing
method) and after (After withdrawing method) collecting liquid with the syringe

barrel -

Fumiyoshi OJIMA ', Yuto KOIKE *, Kazushi DAIJOGON ?, Sadahiro KAMIYA ?,
Go MIURA (=Jili _[])?, Terue IBA*, Satoshi TAKAHASHI *

' Clinical Pharmaceutical Practice Center, Faculty of Pharmaceutical Science, Tohoku
Medical and Pharmaceutical University

* Laboratory of Pharmacotherapeutics, Faculty of Pharmaceutical Sciences, Josai International
University

’ Department of Pharmacy, Sanmu Medical Center

* Department of Pharmacy, Yotsukaidou Tokusyukai Hospital

In order to make drug preparation procedures more efficient, pharmacists need to carefully
consider each step of the process. For example, when using a syringe to collect a precise
volume of liquid from an injection bag, the air previously in the syringe needs to be
removed. Therefore, we compared methods to remove the air from a syringe before and
after withdrawing liquid from an injection bag. The volume of injection liquid in the syringe
and the time required to perform both methods were compared using results obtained from
fourth-year students (with only university training to mix injection preparations), fifth-year
students (with 11 weeks of pharmacy practice training in a hospital), and hospital
pharmacists. Two types of syringes (5 and 10 mL) were used in this study. The volumes of
liquid collected were 2 mL (5-mL syringe) and 5 mL (10-mL syringe).

No significant differences were observed in operation times or syringe liquid volumes
between the both methods performed by fourth-year students. Operation times were

significantly shorter with the removal of air from the syringe before withdrawing the
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injection liquid than with that after withdrawing the injection liquid when performed by
fifth-year students and hospital pharmacists; however, no significant differences were
observed in syringe liquid volumes.

These results demonstrate that the method involving the removal of air from the syringe
before withdrawing the liquid is useful for reducing operation times for the collection of a
precise volume of liquid from an injection bag with a syringe when fifth-year students or

pharmacists perform the mixing procedures for injections.
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The Efforts by Pharmacists to Implement Home Medical Care for Heart
Failure-A Comprehensive Integrated Community Care
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Necessity for a significant maintenance dosage reduction of voriconazole in

patients with severe liver cirrhosis (Child-Pugh class C).
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Therapeutic drug monitoring for voriconazole, an antifungal agent, is essential for
maximizing efficacy and preventing toxicity. The aim of this study was to elucidate the
optimal maintenance dose of voriconazole in patients with severe liver cirrhosis
(Child—Pugh class C) by reviewing the plasma trough concentrations obtained by
therapeutic drug monitoring and daily doses of voriconazole. We retrospectively evaluated 6
patients with Child—Pugh class C cirrhosis who received oral voriconazole treatment and
were liver transplant recipients or were awaiting liver transplantation. We compared their
voriconazole trough concentrations and daily maintenance doses to those of patients who
did not have liver cirrhosis (n=56). We found that plasma voriconazole trough
concentrations in all patients with Child—Pugh class C were almost within therapeutic range,

and the median plasma trough concentration at steady state was not significantly different
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from that of patients who did not have liver cirrhosis. In addition, the median daily
maintenance dose of voriconazole was significantly lower (2.13 mg/kg/d) than that of the
control patients (6.27 mg/kg/d), suggesting that trough voriconazole concentrations are
elevated in Child—Pugh class C patients. Thus, we conclude that oral voriconazole
maintenance doses in patients with Child—Pugh class C should be reduced to approximately
one-third that of patients with normal liver function, with the follow-up dose adjusted by

therapeutic drug monitoring.
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