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mME EA-RBL BF-RF BE-RE EX
HAFT R 2 AR s A1

NM441 DEREFRETH 2 NM394 ORBNEEAIEEL %, BRKE7 o~ 757 4 — (HPLC) &
BLUMEDENEE (bioassay) &THEE L7z,

HPLC T3, WEmitiEs L VEMMEE 2B WS 2 ek D AIETEETH > 72, Bioassay T
i3, Escherichia coli Kp ZHRERE & L, EBANME U TRZET 4 R 78 W2 74— 7 TV,

By TEBLUR—N—T 4 RA7ED 3 FEVTRCBOTHHIETETH -2,
t MR L URICBWT, HPLC ¥ & bioassay ¥4 & 2 HIEfE iz & <ML 7>,
—20°COBRESRMETIZ, NM394 it M#Erh, v NRohedh iy 4 BREIZEETH 577,
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NM44l 3 7o F 5 v JROFHR* / o v ETY, B
5%, 7 7 ABMHE, BYEBEICN L GROMBER 2 =154
FETH2 NM3U IHEPLICERENDE I L LMD SN
TBY?, BT 2 KRS ERY:, BRI L TH
WEBHHEER BT 2 I LSS h R 5T BY,

* /0 EOBRBNEEIZ—MRIIC, HPLC &Y 7213
TH—=T IV, Jy P, R—IS—F 4 AT E D
bioassay tkiC k> THIEE LTV 3,

% 2T, NM441 DEBAETH 2 NM394 OBIFEIZ DV
T, HPLC & & bioassay Z=DRR B L UTHE D L& 17>
PAdS

S5 20 CHBREFRF DML L VRP D NM394 0%
EtE % bioassay ¥z & D s LT,

I. % H & F &

1. FEBIURE

NM3%4, BE#BE 7 o~ + 7' 7 7 ODREHEEYE T H
% NAD-358 & & Uf NAD-245 iZ A FE#RRESH TS
BL7zbDEFERLY (Fig. 1)o 7= FUABL U
vruuryrigigksu~ 5 78%, sun
R F VIITHRDO—kdh %, Z ORI 345 8l

DR GIR Y HEROFR T E Az,

Mm#E s L VRIZBEBRABEF» WML, BEbiZ, ¥
723 -200CTHBEREFELI: D EA V2,

2. HPLC &

1) ATALE

(1) wEmbE

M#TIZ0.5ml iz, RTI1Z0.1ml (FEEE 5~500
ug/ml) 7213 0.5ml (EEEH 0.5~40ug/ml) &, W
ERIEHEY)E NAD-358 (4§ : 0.54g/ml, ER : 10ug/ml)
28T 0.05M ) VBEER (pH 7.4)0.5ml 8L U1 %
7uoRBIF N (REBEBOBE 3%) 28097
oo Y 3.5mlE0ZT102MEHERE L 72, 3000rpm
T 10 A& OABER, Y27 oo Xy Y ER 3ml 25
L, BMETHEREEZEEL:, REWCAY /—) (4D
58 50ul, ROBE 250ul) 2INZ THBMEEE, 2010
ul 2 HPLCiziEAL 72,

(2) ErEmHE

%% 0.2ml 2 0.425% ) > BAEH Iml 8 X U
BEYE ChH 5 NAD-245 2510 0.425% V) > BABK

CH,
|
F COOH F COOH
(0] 0]
NM394 NAD-358 NAD-245

Fig. 1.

Structures of NM394, NAD-358 and NAD-245
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(lpg/ml) 50ul 22 TERE LK, TOBEE XY
=B LV0.425% Y BIKERE < 3ml 2Nz
Cav74yva=v7 LUzEMHEBMER Y- )y ST
2 SEP-PAK Vac/3cc PS-1 (Waters) ¥RiIL 7z K
WT, 0.425% ) YBKBHE 3ml, 5% 72 b=tV L%
BHT 5 0.425% ) Y BKEHK 3ml 2IERA 7 L2l
721, 40% 72 = UNVEEFET 5 0.0425% ) EBK
B 2ml THEH L7, BHEIWZ 2.5%7 ¥ & =7 KEBEK
20p] EMX CERJRTHRETHEER, 0.425% ) »BAE
¥ 0.25ml \CHEBEL, 7115 — SPIN-X (Costa,
0.45pm) THRBEITV>, Z DMK 401 2 HPLC I2HFEA
L7z,

2) BEOHE

NM394 BE (X)X, ABEEMELOE—7mEL
(NM394/NEEEME) (Y) 2 & 2 NIIEERBREIC
LoTkodi, REFLIR/N_FET—XER (Y=
aX+b) L7,

3) HIEHES L UCHIESRE

HIE#EB L U HPLC OFEREEXUTIIRL 2,

(1) HEREF

K> 7 1 45] Bl (Waters)

7 NMERE C860-CORIY 7 44 —T > (HESH)

AEBEALL 712 2HE8 Y IV S0y -
(Waters)

RS A% 484 F2—7 70 UV/VIS &
Hi88 (Waters), EfEfiH % 821-FP S BAD LR HER (H
53 )

SCREE - 7u~ b¥y 7 C-R5A (EEEUERT)

(2) BIESRM

H—=FHTL =Ky FVITLEY 2=
(Waters), 7V A7 ALA4 % —biZix Nova-PaK Cy;
i

#1 7 4 Capcell Pak C,s SG120 4.6mmeg X 250mm
(B4 %)

BEME BHEMEE 0.05MY >~ B % & &K (pH
2.00/7 b =P IN/AZ 7= (FOHE 10:5:
6, ROImlDFEH 10:7:7, FRO.SmlDEFE 10:
6:6), EfEMHEE 0.05M ) v EBEEHEEH 2.0)/7
Zh=FVUN (10:1)

i & :1.0ml/min

B W A% UV 275nm, FEFERIEE 30t
iR 275nm, W HEHE 425nm

A7 LIRE 40°C

3 . Bioassay &

1) BEE

Escherichia coli Kp, E. coli NIH] 8 £ ' E. coli
NIH]J JC-1 THETL 7R, BEDH T E. coli Kp 58
BYBEN T, 72, E. coli Kp 3BT /o %D
bioassay REBE & L TILKFHEN T3 hs, E

coli Kp % NMB394 0 bioassay BEHR & L THW Tz,

2) ERMALH

Heart infusion agar (= A1), Nutrient agar (=
ZA4), B2MT 1+ A 7B OCRE), BYET + X 75
(= v A1), Mueller-Hinton }Z#li (Difco) i D> T i
B LR, B2MT 1 A 7B L URMT 1« 27
PRI AR, REBREO S TENTW, SHD
KER IS T 4 A 7 Bt R VT2,

3) EEAERFROER

E coli Kp bV 7 Y =¥ 7432 (=vRA) T
37°C —IEER, HHAER (HIAXZ bu7x}
A —4% — 100-60) % A V> T ODssonm Wosckdko
BIEH TR L, FOMCTREBL TBWIERRARE
iz 2 %HEREL 72,

BrEEL-EREHBEERICMD TSI XA Fv7
¥y —U (FUE) 2 10ml $05F LAFES L CEL S
w7,

TH— I NEDOEE, BREFE GREHE AHP-
104) TEMEE ¥ FAROFERICERE 8mm OV LV % ¢
BHiTi,

By FHEDBE, Ay T Ra v —(F 41 L MCD-
400) ZHWThH v 7R EERL 72,

4) BERDOFAR

NM394 % Img 7z 9 0.1ml ® 0.1N NaOH T#f#
L, ZHEAKTHERL T 1,0001g/m] EHK % BRI, 0.067
M ) UEEE®R(H 8.0) b Lkt rom#EzAWT
2 fEEERTRT R ERIL /2,

5) EEERME

TH—U ZNEDERE, 4) TERML T NM3%4 0 2 &
RERRRINBEK £ 12 TR ERE R, 3)TERLLT
=0 Z)VFHROEN T 2 2 v vizvw4 7aExy b
T40ul FOEA L, 72, ¥ v —VEODERFHBIET 2
TeHDY 77y RELT, 0.067TM V) EREEERK (pH
8.0) THAB Lz NM394 ¥AHE 40u] 25D O 7 T VICHE
Altzs ZOFR%E 1 BEICDE 2BIERIL T,

By TEOBRELTH—T T VEOERE LREFC 2H
BRERTRIIBI & 72 3 HIERIKZ /SR Y —LEXY b
THy TWEAL,

R—IN—F 4 A7 EOBE I, —8—T 1 RA7 (R
PR E7Z 8mm Thin) <A 70ty FTT 4 A
BT 0ul FOBAAEYE, TAH— T TV LRI
BoiE L 7z,

TER L 72 B PR 1349 1.5~ 2 BFRIIB C FiesiE L 1
%, 3TCTH 18 RERIEE L 12,

6) FHiIEFDEHEI7Z & v NM394 IBEDHE L

BItMOEREY —> 7+ 54— (GRERR ZA-
FMID) AV THBHE L, 2NT—F IV Ea—
% (NEC PC-9801) iclgktk, V' —> 7+ 74 ¥ =71
75 (HEERISR) % v CEEROBE ORI
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MEZEOFE e OBFEE _REIR LI, Bohl-RE
BE NM3MBEEZEH LT,

7) NM39%4 O&EM
EERE—HRARR'Y T 400mg KEHOKRSE 1.5 FfE%
DMEB L2~ 4 FFEICHEIRLIZRZA TR 6 5% B
Vs, MESREHIE N 77 > 7 T, RERHZ 0.067TM
) VEEEIR (pH 8.0) TENRENFERLC, 74—
INVEWE>TNM3YMEBELZRAIEL:,

( (a)

4 8 12 16 20 24 28

Time (min)

Fig. 2.
(a) : Blank plasma

BODERLRRERE T IRAF v 7B TNTF 2 -7

ARTERLT-20CTREL, 4 BEEICHEKRD L
THEL 72,
II. # £
1. HPLC &

1) Wtk orRE
b M IMEE % 7213 R NM39%4 8 & UNERIEHEYE % i
L7z & @ HPLC 7 u= 75 A % Fig. 2, 3 IR

A

(b)

NM394 IS

27.814

4 8 12 16 20 24 28

Time (min)

Typical HPLC chromatograms of NM394 in human plasma by organic solvent extraction method

(b) : Plasma spiked with NM394 and internal standard (IS)

(1-a) (1-b)

9.704

NM394

16.334

NI

T T 1 |
8.1 16.1 8.1 16.1

Time (min) Time (min)

Fig. 3.
(1-a) : Blank urine (0.1ml), range 5~500xg/ml
(2-a) : Blank urine (0.5ml), range 0.5~40ug/ml

(- ka\ JLJL\L

(2-a) (2-b)

—
72}

NM394

19.226

10.294

8.1 16.1 8.1 16.1

Time (min) Time (min)

Typical HPLC chromatograms of NM394 in human urine by organic solvent extraction method
(1-b): Urine (0.1ml) spiked with NM394 and IS, range 5~500ug/ml
(2-b) : Urine (0.5ml) spiked with NM394 and IS, range 0.5~40xg/ml
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Lize WTFRDHALEERSHROE -7 LT RFR
DEEERLUT,

t ISR E 7 R BB E O NM394 &L, &
ERECHE-> TEBRERE Fig. 4 1 RLz, METR
0.05~5ug/ml DBEGHEA T, RCIIEEES 5~500
wug/ml, {EEES 0.5~40ug/ml DEEHFET, wTh
DREZ L BIFERMEERL, £/, Table 11K
ERBEODEEEB L UVEEE 2R, & MK, RE
LREEBLVIEEERIRFTH -2,

30, Human plasma

Y =4.1767X +0.0582
r =0.99990

Peak height ratio (NM394/1S)

0 1.25 2.5

NM394 concentration (ug/ml)

2) EAERHEEEOREY

v b gz NM394 8 & URESEERE 2 RmL 7z &
% HPLC 7u< } 75 4% Fig. 5 /R L7Tze NM394
B X UNSEEYE & b EERAHROE —7 LIXREF
BT U, b b IMAEIZ BEATEREE O NM394 % 75N
L, AEBREICHE S THIBRERIZ 0.005~0.1ug/ml
g T BT R ESE 2R U (Fig. 6). 7, FE
BROBEE B L VIERE ZREF TH o7z (Table. 2),

NM394 4 & DEYIEE 83% (n=3) THo7e,

Human urine (Range 5~500xg/ml)

20
@ Y =0.0316X +0.0077
S~ -
3 F
b r=099994
=
Z
2
s 10}
=
5
£ st
2
<
L
(=W
0 L n 1 L 1 i 1 L J
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NM394 concentration (ug/ml)

8 Human urine (Range 0.5~40ug/ml)

Y =0.1673X+0.0214
r =0.99998

Peak height ratio (NM394/1S)

0 10

NM394 concentration (ug/ml)

Fig. 4.

Standard curves of NM394 in human plasma and urine by organic solvent extraction method

Table 1. Precision and accuracy of NM394 determination by HPLC in human
plasma and urine by organic solvent extraction method

Specimen Added Detected” Precision? Accuracy®
P (g/ml) (ug/m) (CV%) (%)
Plasma 0.05 0.055+ 0.005 9.1 10.0
1.00 1.007+ 0.043 4.3 0.7
5.00 4.934+ 0.199 4.0 1.3
Urine 5 5.03 = 0.03 0.6 0.6
50 51.57 + 1.04 2.0 3.1
500 508.12 +12.41 2.4 1.6
0.5 0.421% 0.013 3.1 15.8
5.0 5.118%+ 0.192 3.8 2.4
40.0 42.030%+ 0.206 0.5 5.1

1) Each value is the mean+SD (n=5).

2) SD/mean X 100
3) | detected—added | /added x 100
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2 . Bioassay &

1) Bioassay #DLL#E

0.067M V vER#EEWR (pH 8.0) TFELIL 7z NM394
DTH—DVINVE, By TEBLUR—I—T 4 X7k
12k % 0.05~3.2ug/ml DREZEERK L 72,

FORR, REKEI 7V — v VEIMESSKE L,
hy TERIEBEOHERED A TEL TV, ~—
N—F 4 A7 ETRPRHERENES > T wie (Fig
Mo

INOoDREREAVCHICHASL 72 NM3%4 0
0.125~2.0ug/ml @ 2 EHRRIIEHE 5 Bk (n=3) %
HlELIEZ A, LEEDIBOAEIC L D HIEMER & <
L7z (Fig. 8),

¥l, TH—7 T VEERRW, & MO, 0.067TM )
VEEREI (pH 8.0) B Ut MROFEEERIC L 2%
R xFwT, NM394 OBREF*IEK L, Fig. 91K

(a) (b)

14.135

IS

31.276

NM394

JWM /\ML

8 16.1 24 32.1

Time (min) Time (min)

Fig. 5. Typical HPLC chromatograms of NM394 in human
plasma by solid-phase extraction method
(a) : Blank plasma
(b): Plasma spiked with NM394 and IS
Table 2. Precision and accuracy of NM394 determination by
HPLC in human plasma by solid-phase extraction
method
Added Detected" Precision? Accuracy®
(ug/ml) (ug/ml) (CV%) (%)
0.005 0.0048+0.0009 18.8 4.0
0.020 0.0211£0.0009 4.3 5.5
0.100 0.1027+0.0042 4.1 2.7

1) Each value is the mean+SD (n=5).
2) SD/mean <100
3) | detected—added | /added X 100

L7z,

t OB L e FRRPUCBIT S NM394 D EERBR
X 0.1ug/ml TH o1z,

2) HPLC i & bioassay & Hr#g

R E — AR CHERGRICHEIL M6 &
UREF %AV, HPLC 3% (FB#EHit k), bioassay &
(TH—oZNVE)ICEY) NM3MEBELHIZEL, ZDE
EHEICHE LT,

BIE@E 04, REEE bic X <HEBEL 7 (Fig. 10),

3) NM394 @ —-20°CTODEEMN

ERIREE —MHRAER TR L M B L VRO E R
-20CTRELILEDRESER T/ —v T VEEIZ &
DRI L, 4 BEBCBY2MES L URFOD
NM394 BERZETET, KFHFETLZL &b 4:EMIF
FETH-1: (Table 3),

1.00F vy =82193X +0.0264
r =0.99924

0.75f

0.5F

Peak height ratio (NM394/1S)

0 . i I 1 L L L J
0 0.025 0.050 0.075 0.100

NM394 concentration (zg/ml)

Fig. 6. Standard curve of NM394 in human plasma by solid-phase
extraction method
(mm)
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Fig. 7. Standard curves of NM394 by different methods
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Fig. 8. Correlation between concentrations of NM394 measured by agar well method, cup method and
paper disk method
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Fig. 9. Standard curves of NM394 in various solvents
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Fig. 10. Correlation between concentrations of NM394 measured by HPLC (organic solvent method) and bioassay (agar well method)
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Table 3.

Stability of NM394 in plasma and urine of healthy

volunteers given 400mg NM441 orally

Plasma (n=6) Urine (n=6)
concentration (ug/ml)
mean+SD day 0 1.49+0.73 125.0+72.1
day 29 1.47%£0.70 122.3+£81.8
paired t test
difference
(mean =+ SD) —0.01940.068 —2.747+13.244
t val 0.663 (N.S.) 0.508 (N.S.)
N.S.: not significant
I. . . .
L% = 3) Ozaki M, et al: In vivo evaluation of NM441, a new

HPLC #0354, NM3% 2 EREE CHE & iy
DT, enoxacin(ENX) DF& LRI 7 v o [REEL F
NWERGERBZEWXEID AN — b &L TEREAGR
CHH S ¥ 2B ERHEERA L2, ZOFEI L
D,ENX TiiZiZ100% v x— b LTHIETE 3
EHREINTL S, BESEMUL Tw s NM394 035
SbHEBOKEBIZIZ NM39%4 13580 s s, NM394
D 100%EL BSAH NN A — b E L TE#BIcHE s S
bOrEZOND, 72, FkiZrk ) RAERECEN,
BEEBIVERECSVILBELESZ VD TH-
120

L L, ERHER CREEmMIETHEL 254,
HOBENERBAUTERZ LD B0, &V
BEOEWFE® & S IIKRET L7z, NM 394 BB IZH N
WETH VRSB ERE> T8, ZOAN/NA— b
BEEDFE» 512, 2T, NM39%4 2D g TE
ZEEHEE AL, NM394 & U THEERESE TH
ELizEZ 3, 0.2ml QM DOEFET0.0054g/ml T
DEERENE SN, £/, REEBLUVEEECS
WTHBERE®R L TH S ko7,

Bioassay H=Z B W TIE, R—/3—TF 4 A 7 EIIP R
EBNELEZHOD, TH—T IV, By TEBLUIR—
NR—T 4 RA7EDThOFECE>THHEEATETD
D, ¥-HEMEIIAEE X <MHEBEL 7,

¥ 7z, HPLC ¥ & bioassay & D HIEE b M4, FREK
EbWEAEEL T,

UEo#ER LD, NM4dl OFEEERETH 5 NM39%4
DEE X HPLC &, bioassay BV THDHEIC L > T
YHENTEETH D, oM s L CRHP NM394 X
—20°CTHBERET IRV &b 4 BEREET
Hotz,

X 73
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Assay methods for NM441 in body fluids

Masato Matsuda, Yoshio Okuyama, Akira Morino and Masakuni Ozaki
Research Laboratories, Nippon Shinyaku Co., Ltd.
Nishioji Hachijo, Minami-ku, Kyoto 601, Japan

The assay methods for determining the concentrations of NM394, the active compound of NM441, in
body fluids were examined.

In high-performance liquid-chromatography (HPLC), the organic solvent extraction method and the
solid-phase extraction method were found to be available for determining the concentration of NM394.

In bioassay methods, agar well method, cup method and paper disk method were found to be available
when Escherichia coli Kp and sensitivity test agar were used.

NM394 concentrations determined by HPLC and bioassay method in human plasma and urine were well
correlated.

In human plasma and urine, NM394 was stable for at least 4 weeks when stored in —20°C.



