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Abstract

The major goal of this thesis to develop a method for the determination of apramycin in livestock

products by liquid chromatography—tandem mass spectrometry (LC-MS/MS).

An extraction study was conducted in first study to establish a method for preparing sample from
livestock products for quantitative apramycin measurement by LC-MS/MS. Apramycin was
extracted from samples via alkaline hydrolysis or with trichloroacetic acid (TCA) in the presence of
n-hexane (hexane). Next, matrix components were removed from the extracted apramycin using two
types of hydrophilic-lipophilic balanced (HLB) solid-phase extraction (SPE) cartridges, and
apramycin was retained with strong cation-exchange SPE cartridges. Apramycin recovery from the
extract was evaluated using bovine muscle, liver, and fat samples with apramycin at the maximum
residue limit-value (muscle and fat: 0.5 ppm, liver: 5 ppm). The recovery rate of alkaline hydrolysis
extraction was 75.5-90.1% and hexane-TCA extraction was 77.3-92.6%, demonstrating that this
method could sufficiently remove matrix components that would affect the measurement, as
indicated by guidelines of the Ministry of Health, Labour and Welfare. The method examined in this
study is effective for apramycin residue sample preparation in livestock products for quantitative

LC-MS/MS measurements.

A validation study was conducted in next study to establish a method for determining apramycin by
LC-MS/MS in bovine muscle, fat, and liver. Bovine tissue samples (e.g., muscle, fat, and liver) were
extracted using the n-hexane—trichloroacetic acid (hexane—-TCA) method, and cleanup was
performed using two different hydrophilic—lipophilic balance (HLB) cartridge columns and a MCX
cartridge column for these samples. The apramycin in the resulting samples was quantified by
LC-MS/MS by utilizing an external calibration curve. The validation study was performed on bovine
tissues spiked with apramycin at maximum residue limits (MRLs; muscle and fat: 0.5 ppm; liver: 5
ppm) and a value equivalent to 1/10 of MRLs (1/10 MRLs; muscle and fat: 0.05 ppm, liver: 0.5
ppm). The trueness (n = 5) values of apramycin based on the used three kinds of bovine tissue
were 84.3%-92.7% at MRLs and 79.2%-97.8% at 1/10 MRLs, and the relative standard deviations
(RSD) were 2.19%-5.9% at MRL and 2.8%-5.7% at 1/10 MRLs. The quantitation limits of the
developed method were 0.05 mg/kg (0.05 ppm) for bovine muscle and fat and 0.5 mg/kg (0.5 ppm)

for the bovine liver according to the results of the validation study.

These results suggest that the established method for the quantitation of apramycin by an external

calibration method using LC-MS/MS well fits bovine tissues.

In the future, we plan to examine the applicability of the uniform limit (0.01 ppm) for suitability



with pig liver (MRL: 0.06) and examine whether the extraction method can be applied to other
aminoglycoside antibiotics while assuming its application to the screening measurements of

aminoglycoside antibiotics.
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1.1 5P 5EE &

T T T A LR Streptomyces tenebrarius BEATH—REOT I ) 7)) a3y FR&
PUAEME AT 7~ A > ® Factor2 T(l), XTF I NENLD L)L TH R 7 EEE
EF DL LK VERZRT,3), £i2, JKWHLHART M ERFL, kDT 7Y
2y RRUEWME W~ A v, 7T 0F~A v 05%) ORI L CHROWLE T &
AL, T 7Y) a3y FRIUVEWEARELEERICH L TLEETH D LWV O REEAT 52
L bEMIERS & LTI S FUOR FEE AL U FEOKRIGE (Escherichia coli)
TR, [ESIRMIER, YVEXRTH (Salmonella) 78 & D7 AfabE#, 67 K DBk
H, v~ AT T A= EO—HD T T LGPER ~OBYYERF IV S5 4),

AARTIE, BiRET 7T ~ A 3 OEEINE K OBOKBINA 23R O AR BEPE T HIE 2 8
JEE LTS, RYT 4 7Y A MHBRE AN HOFRRAYE (maximum residue limits:
MRL) NRESNTNDQB), TT T4 LB NTIL, Rk 27 I OB ED B &
UM% C MRL ASUE S, BRI RO SCENT T 0.5 ppm. JTIE T 5 ppm, KO,
fEWi. AFIET 0.06 ppm, SO, MENG. FFIET 0.5 ppm, £ DMMEE AITEHRA 72 L
BEEM O L EAL 2 12 MRL N ED BN TNS(6), D78, GHEDHICERETLT
TIRA VU DEBENLEL SN TND,

JEFE - SBHRINY) - B RIE S O XRFEBRIE DB FEIZ DWW TIE, BAETIEE ) B N
SNTWD TR 2 BHEEICHET 2BRIE DY MR T A T A > (LLF,
TARTA L)) WD BERDY | SKFEV OB OS G ot G sy 1INER &
EBITHIE T 2 T2 RETT 5 2 L2 > TV 5(T, 8),

— 5T, TV av RREMBETH LT T~ ik, OFED & OBREN G
VY @EBE CHBIE LS. & 0 FEEO T2 | BB & LIS T DI E T E S T
SEENTWRW, T I~ ofEERX%E Fig 1-1 12R7(9),

TTTvA T OEREE LT, Bacillus subtilis  (ATCC 6633) % N z/3A A4 —
N7T T 4= K AMAEMTFIEBENE RSN TVNAH(10), Lol ZOHIEX Fig. 12
WRT RIS, BAEDNE D) THHET, FrEMECRHERESIRENH D, KR, okt
SERBIOFRENITT VA VMK ALt ORI IR 2 PR L, 2 [BlDA A ZH#7 1
Y RT T T4 —FAT) ESNTWDR, KEEIK T 2 ik o> FFRILER I3 5 (B HE TRy
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MBS L8ETH D, £, 2EOH T L7 v~ MATH 2 & T, BRI OEIEL
o Zkichsd, £, EFE KK o~ NI T T 4 —-F 0 F7 NEESHTE (Liquid
Chromatograph — Tandem Mass Spectrometry: LC-MS/MS) D% M (ZfEV, A& 52 ik
3 2 R O B ESHTIC BN TH LCMSMS BRI SN D L H 2o T& e, 777
~A YV UEOT R 7 ) ay RRPUVEWBEEEEEE WO ENS, Y 7 ook
(TCA) fhiH-3 =4 7 WERZOREEZ LC-MS/MS 12L& 0 EBHIET 5 HENIRE S
T35 (11-20), LA L., LC-MSMS JIEIEA A > XT3 3EZ H W =08 (LU, WA 4
X7 ruav N7 T 7 4—) (11-17), ¥ FU v 7 AUIERER = A= E& ik (LT,
~ MU v 7 ZRIRERRE) (18-20), WEBEIHEE(17,200TH Y | I HEHRIEIC L D E /R
FTEITMESL S VTV, E 7o, TCA WHRITARN OVERE « s W72 7260 NENHEAE &
KR E LTCHHITIENHSL SN TORW, WA AT 7~ 8777 4 —THWLA
Fo XTI, T T T~ A DI IR @Oy B A7 # T L r U JL (ODS)
BT LD LD IR AN & AN T MRFF S5 2 & & BHIICIEBEERIC BN %
RIETH D, WERBORIPEEMEOMHE 2 b D56, BIEOA I AbEW A B
WEEFOGEG, HENEOA A MG E A 4T HIEL LTHWSD, WEXIG O
LR BEOA A XTHRENEEGT D2 LT WERNRKOA A MEGH D Z LN T
EhH, IOIT, AF T RIEIIT N RN ALFREE L L TR, A RICIRREMEN
BMEDT LT, ODS W T KRFFESNRT < D, 77T~ A 2 AT OMWE 2 £
7o, R ANVERERT B U U LARCAT Y RLARUEET N U LEORMEA 4 RT R
ERHNDND, —HT, A A _XTRIEIWENEDO @O % <. HPLC OEE W
T A, BEOWER EICRE SNTV, ZHUCE Y. T AOHEREE~DOWE, %
BEITAT 5 IIMTIRRIC A A AV EFE LGSR ZTER E 8D, 20D, WA 4T 7
v~ b7 T 7 4 —I2 X 5 LC-MS/MS T & 4T o 1o B Wik T 18IS/ T i@ IS 7% A7 L 7=
AT RXTRIELTERIIRET DM ERN D L7 L BER D THEMEE 70D, ~ U v 7
AR AL IR 2 2 < BBt 2 EENET 258 ICHW LN HERZ L,
LC-MS/MS HIE T, FHER D DLW 2 ES 256, BRIV T, A4
EBRESRA A AURER A LLT < 0D, £ 2T, B2 AT U 7o il AR 2 TR
MUz~ RNY v 7 ZENIREREERT 5D 2 & T, KMy OB Z R LT EBMS R
/DN TED, Ll arbe—nf~ ) v 7 22T 2720120%, BIEE
FRAT DVREE L TR WEEE N B L 72 ) | TR RN BRI 72 2 B AR AT I BV T SE
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T, BlzIE, AERSRE LIoEEROSE . MG LT 5 ERORESOHN 2 &
KIGRE DT Z & AR EIR 2 NS D T2 D ORI 21T 5 BN B S 72, HIETFIAD
WzIEhRTHD, o, BB~ MY v 7 20O A ACBEWE %+ ICbRETE T
IRNTo | EIREE RSN L T D, KM OB AR LIk L L CITNEE L
WD, PEMEIERILIE R GRSy & ROV & RO E & R EIR & L, AR &
AUBMEIRIZ IR LIE 217 5 HTIETH 2, WERNSWHE & WEMEEME O v — 7 w2
MAWTEREAT O % B O REATORBHE A B IO K EITxE T 5,
UL, WEBEEHEMEL & AR HERR Sy & DB — 2 & 3B T DS K0 SE RIS BET D08, 2k
HERR Y DR 2T 700N K 9 A LA T 72 T iU Doy, 20 X D A NEEERIC R
A RBESOXR E LT, LC-MS/MS HIEIZIWTIX, LM - DB S48l &
ZIEF CRERMAEESEAEY (Palr— M8 2NEEEWE L L THW L HiERS
%, L, ras— MEITEFICAFTE 2MEIFRERN T, BURTIET I~ 1 &
v OY s — MBI - REEN STV, E, AMBHEBIC R L RET 2 L
IXARETH LN, TLOTEMILRD Z b, Y u s — MEH A2 NEHE AL TN,
72 51 & 1372 B 70,

LLED X5 75t RIFFECIE, BEMICENR 2T 77 ~ A ¥ Okt kI
£ % LC-MSMS JIEEIZ DWW TIRET 21T o 72, S B2, RERFARGIEOfMY S TRy
FEMHERRIZ DWW T B OB 2 VT, BB IE OMF 24T o 72, WIE kO %21
ML, Ao, BB, AT MRL 3 X TN MRL @ 1/10 ([CHS T2 EIC/ D X9
W77 I~vA v rammUlAB 2z EE&IE L, £TOMEEZHWT, A FT7 A4 12Kk
D& R 21T > 72(7, 8),

1. 2 AR DRERR
KEIIR YT 0 7V A MIEBEANIC LY MRL B3R EINTZT I T~ A v & E &
ETDHEERET D22 HNE Le, ERREDOKRIIEEMTHY . FROHACN
Wi K67 7T <A v it U, i sEiiaIc & 2 LC-MS/MS Il E 1288 rTHE 72
AUBFR R 1R A B L& D2 S M A R L 72,
BLECEEENIOT 7T ~A v o R ERNET Db OFHiRHN 217572, 777
~ A T EREEET D70 O%EE Th H LC-MS/MS OFRIRGCIEL, A A4 <7 3%
TIA T ERFECED BN T LOBEEL ., EDH T LM WTIER LT
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AR DR, A A AR A G LTz, AR D © OFUEHFR R T E O R ET
Tlix. 7B VAKGRRMIIC BT 27 77~ A v OIE~DOFRE, HEEMFTOT 77
~A T EDOERIETH DAY TED DN TW A FIELEMEI— Y v 2T
DRERTT 15228 R 21TV £ O J715DS LC-MS/MS TEIZIH#IS ATRE T & 2 i~ 7z
R 2SI 5,

F 3T, FOMBN ST 7T~ A L ORI OMENL 21T T2, iR
EIX MRL IZHIYS T 27 7T~ A S U B IRMULTICAOMEBRN G, 777~ A > Ot )i
& L PR O R TEORE 21T - 7o, BT A0 VK ffhiiEE R 2 e
FEfg (TCA) HhitiEZ MG U, DT HE O Iy 2 R E T 2@ — R Y »
V. TTIRA BN HEMET— R v DIZOWTHE L, MR EREIC LD
LC-MSMS HIEIZ IS TE DB TIEOBFTI 2T o e R MET 5, 7z,
LC-MSMS HITEIZ DWW TEA A ALRIEOBEL 21TV £ DRI DR ERR O EHR
AR FERICOVTHHRET 5,

FA4ETIE, B3 ETHHN LT ORET 77 ~ A v ERERIEHIEIZ DN T,
BN MERHl 21T o 7o, AR (PN, AENG. AT 127 7T <A+ > D MRL KUY MRL @
1/10 (1/10 MRL) (27225 X O ITHEHERINL . EtOT7 7o~ v zEi L, BB LLE
BRETED LG 21T - 72, PSR, @IRWE, B, B, E=RME. ~ F
Vo 7 AL L, A RTA ANCEDEFHE LR E2WmET 5,

HSETIE, H2E, HI3EBLOE4EONEMRELZRE L, IERKROERL R
NOOMEE E LD, 6T, AR THIBR L MIBIE LT 2 FIEOREEZITO &
iz, IS ) R_R— g v OAEEE BT S,
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Fig. 1-1 Apramycin chemical structure



Sample 20.0 g

Alkaline hydrolysis extraction

heat at 85°C for 20 minutes in water bath

cool with ice immediately

add 20 mL of 25% (w/v) TCA and homogenize
centrifuge at 2,000 rpm for 15 min

Supernatant  Precipitate
[

. add 20 mL of water and homogenize
Filtrate

centrifuge at 2,000 rpm for 15 min

Supernatant
I

Filtrate

adjust pH7.0 with 10 mol/L KOH
Extract (approximately 120 ml)

First ion-exchange column chromatography
Resin: Amberlite IRC-50 (NH,"), bed vol.: 10 mL
sample load, flow rate: 2-3 mL/min
wash with 100 mL of heated water (80°C) , flow rate: 4-5 mL/min
wash with 30 mL of water, flow rate: 4-5 mL/min
clute with 1 mol/L ammonia solution
muscle and fat: 25 mL, liver: 30 mL, flow rate: 2-3 mL/min
collect fraction
adjust pH 7.0 with 1 mol/L HCI

Second ion-exchange column chromatography

Resin: Amberlite IRC-50 (NH, ), bed vol.: 5 mL
sample load, flow rate: 2-3 mL/min

wash with 50 mL of water, flow rate: 4-5 mL/min
elute with 25 mL of 1 mol/L. ammonia solution

Elute
evaporate to dryness
dissolve in 0.5 mL of water

TLC-Bioautography using Bacillus subtilis (ATCC 6633)

add 80 mL of 0.1 mol/L KOH (muscle and fat) or 0.05 mol/LL KOH (liver) and homogenize

Source: Research Institute for Animal Science in Biochemistry and Toxicology

Fig.1-2 Schematic diagram for the literature-based microbiological quantification method



B2E FRATRA

2.1 #E

BEMTORET 77~ A Vo OEEMESTEZ, H1ETEZEBY, ERETH
HERRER T (AR NS TWD I L E(1), TCA THI L LC-MS/MS
THIET 2 HENWE SN TWD, LC-MSMSIETIE, Wil A Xy 7u~ 777 ¢
—X(2,3). ¥ MU v 7 AR EANEIC XD EREREFIETH D @, 5). PLUHB ik
R 2 AN T2 E S E T IEDHESL S AL TR,

MR BARE DS HESL STV R WER & LT, IR O R MER S 3+l RE S LT
WRWZ ERFET bND, AETIE, MAEHRBRST TIClRE SN TV HEEZSEIC
RIEMTIIRE T 27 7T~ A v o2 BR&IET D 72O OFRIET 21T > 72,

HETMATE LT, 1) 77 T~A 32D LC-MS/MS HIESM:. 2) 7V A UMKy fRaL B
DT T T~ A 2 U REE~DEE . 3) Bacillus subtilis (ATCC 6633) % W= iAEWaRBRIC ks
(T 2 BRI A VEDY LC-MS/MS VEIZTHE G FTRE Tdd> 2 M DT, D 3 DI DN TR Z 1T -
7o

LC-MSMS JIESM 1, WA A _T 7~ NI 74— ANWTICT T I~vA v
EOBET D7 v~ NERIFOBEE L | BEOIEICI T 21 A ALRIEORE 21T 572, T
VT VIR GRILERD T 7T ~ A o AEE~OREIL, AR THOW O TWD T L
7 VMK 53 %A LC-MS/MS JIE I #)G T & 2 Ead 3™ 2 72012, 77 VKGR L
TIT=A DR ENIRNITRART, TS T~ A v EE A T VT ) K Gy LR
L, mEREK 7~ N7 7 7-FA—E N7 v IR A2 NT v PE&ESHTER (Orbitrap
LC-MS) T K 28 E AT CHRA IS (NMR) & W EMAT 2325 2 L2 kY,
TTT~A T DREEEA R R LT, MAEREBRIC 1T 53U S 152Y LC-MS/MS 14
\ZH G FTRECdo D MR 2 2y, WAEMRBRIELZ SBILT 77 ~ A v Ofit & F Ok
(A, HERG. FFIED 122\ TITV, LC-MS/MS JIEIC CRINEZ R 7=, S HIT, Al
AT TR 2 AR L. RO A X 2 AR O £ B RHER > DR 2 fEd LT,

2.2 B
2.2.1 &EK
T T T A RRBAEAEYES I 99.5% (B L7 A L AFEHEER) T h= UL
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miRA 7 v~ N7 77 (BEeFR) . X mEiREs v~ 77 78 (BEEE
B, nnFH oo Rk (BE7 AV LFOHEER), 22— LCMS Hl (BE7 A v
AFDEHEREL) | 2- 7w %) — )L IR v~ 7T T A (F LT AL AFERERER) |
100% (wiv) b U7 v aFiiK . AR (BEL7 AV SFEEER) | 7= K

(10%) : (F+7 A /L AFEHMIEED) (cat. # 013-17505), /K : ME AR A REEE ©
R LI bD&MH Lz, LC-MS/MS HIEIZHWS 43l Z 4 & LT, HILIC %47 AT
&% CAPCELL PAK ST (5 pm, 2.0 mm x 100 mm) (KB —# %)  Atlantis HILIC Silica

(5 um, 2.1 mmx 100 mm) (Waters f!) | TSKgel Amide-80 (2 pm, 2.0 mm x 100 mm) (H#
V—H) 3L~ NTFET— RRR Y ~—4 LT L THD TSKgel VMpak-25 (7 pm,
20mmx 100 mm) CRY—8) ZEH L7,

2.2.2 &

FROMA., FFE. J815 L EANC = EIRETH N O RN CTENESN B INT S
TebDEFEA LT, FRRIE, ATREZRIR Y RN & bR Teth, MBI —(k L7z, AIEIE
AIREZR IRV MBS & BRIt . MBI — b U7z, BT, A2 M —{k L7z,

2.2.3 BWEBRBIUEE
8 1 AR B ¥ A Y —I% Polytron PT3100D % ., ¥+ 7 k% PT-DA 20/2EC-B193
(Kinematica t1:) ZfE/H L7z, OO0 TS ARG AN O AX-320, ©—X —TS-37
(100mL H7 # 7% —f1&) (TOMY #t) ZH L7z, & OiERME S 305 O SR L —
% — CVE-3100 (U BERHERRIR) | BER S A~ =4 —/L F (Waters £) 2 L7,
NMR |3 INM-ECX400P (HARBFHRA2th) 260 L7,

2.2.4 LC-MS/MS JIEER

TITwA T DEREDIHTITIE, Agilent Technologies 8 DIk v~ ~ 7T 7-% 7 A

=

B EpAr#EE (LC : 1260 infinity, MS/MS : 6470 Triple Quadrupole) ZfFH L7z, £7-. ¥

BEEZWET HEEE L L C, Thermo Fisher Scientific 8D mERE s v~ N 7T 7-F4—
BTy IR F Ty T E ST (Orbitrap LC-MS, LC : Dionex UltimMate 3000,

MS : LTQ Orbitrap Velos) #fH L7z, 777 ~A v 3T ITBKEO BV TH D Z

e, T7I<A D LC-MSMS IZ XD EERIETIX, A7 %572V (ODS)
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FH T LERWIZRA AT s~ N7 = WA T L0~ N TTT 14—,
BUKMAHAAIER (HILIC) 7 u~ 777 4 —, A A IERAZ R OR Y ~—
TN (RNVTFE—RRRIV~—FN) hoLru~x T I77 4 —IZXD0EREZLND
(10-21), WikaA A XTI m~ 7T 7 4 —38 | ETR7Z@ Y, JERIC LC-MS/MS
TEENNOA G _XTREERET L7200 N NEL S, Fi-, BRI T L7 0
~ N7 T 7 4 — O A TTIEBER L AR s IR MR 2 E 5 2 L BREMEN
U, = TCHILICRZA T L0~ NI 7 4 =KW NVTFE—RRRNI)~v—F V1T A
ravw hIT7 4 —E, A G RXTREENE LT IR OB TRIEFTRE T H
HZEMS, BHRWRES ThD, £ 2T, Table 2-1 1278 L7240 C HILIC %#E LN~V
FE—RRRV~—F NI T rra~v NTT77 4—ZC, TT7I~vA4 2/ EL, 77
TA VDR =7 IR D, BIEICH WD N T LERE Lz, HERD T A,
HILIC 525 7 5 CTd % KKV — # 118l CAPCELL PAK ST (5 um, 2.0 mm x 100 mm) , Waters
#1:5¢ Atlantis HILIC Silica (5 um, 2.1 mm x 100 mm) , 3~ —%E#  TSKgel Amide-80 (2 pm,
20 mm x 100 mm) &~/ FET— KRRV ~—F N T LTHDHEY —t:H TSKgel
VMpak-25 (7 pum. 2.0 mm x 100 mm) % ##f L 7=, Table 2-1 D 54T H 5 LTQ Orbitrap Velos
(Thermo Fisher Scientific #) 1%, m/z 200 THK 60,000 D5 EEEN & 2 K556 E Bl A3 A]
RE/EBOMTIEE CTHh D, F7o. LC-MSMS JIEDHKRIHERDOSMFE LT, ESIARYT 47
T—RFRTHIEL., 7V b=V —A 4% miz 5403 [MHH]" 28R L7 51k E miz 2701
[MH2H 2 3 4R L 72 FIERHE STV 2 AFE T T 2 T ED LC-MS/MS (X Agilent
Technologies 6470 ToH %, 777~ v agLe7 I /7Y ay RRHUAEME O 5H T
Agilent Technologies -0 LC-MS/MS % 7 574 & L TiE, Agilent Technologies 6490 % H
W S O 5 1(6)F KO8, Agilent Technologies 6460 % i\ 7= Zhai D 5 1E(T) NS Sh
T, B DOFIETHILIC R T L7 v~ 87T 7 4 — Zhai bOFIETISEA A
XTI av T T T4 —TholeZ inb | BHLDOHELBEITLC DFRMFEZRIE LT,
Z DA% Table 2-2 \Z” ¥, HILIC R A 7 L7 v~ N7T 7 4 —0FpEE LT, AL
Fhonav 7T T7 4 —LHRT DL REBROBERENRS D Z ERMbNATND, £2
T, Table 2-2 [Z/R LI, 77T~ A v OFEHERE & LC-MS/MS JIiE L, HEM O
WEMGR L=, ZTOBIC, 7V h—H—A A& LT, m/z540.3 [M+H] 28R L7504 &
m/z 270.1 [M+2H]*" % B4R L 7= St 0 2 FiE CREM O IR 22 & & Hhiist Uiz, i i
DOIEAER X 2.5, 7.5, 10, 12,5, 15ng/mL & L7=,
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2.2.5 T7I2A DT VA Y MKG RO

AN D By O RICIE, BRI 1T D B IR D5 iR & SRSy & D
BEICL DLW R ENEET D, HERIEIZEDLNTNDT T~ A 2 OMAENREBR T
X7V VKSR LD ZAT 9, TVl VKSR, BBto~ R v 7 A E
SHRT BB BEIFES N, BEOIICBERA SN T DL HETH LM, —H T, WELNS
WHE B IR DS ENIEE SN D BRIEIC & D EWRER D56 | Bacillus subtilis (ATCC 663)
DAEBRELE L LT I~ A v v O ZMENICHR T 5 HETH LD, 77
T A T OREED P L THREICKE 2EEIIZIT 20D, WHE A AL
ZOEEZRES D LC-MS/MS OGGITRMENREE L 725, £ 2T, 7470 VIR L
HIZRV T T I=A T USSR LT, e IEE LT, 7 UKoy
RIVER A AT > 12T 7T ~ A 3 AU % Orbitrap-LC/MS (2 L 2 ¥ E BAFHT° NMR (2 &
DG & OO K VT o7z, WBEEEMITIC L MR TET. 77 I~ A
200 pg/mL AEAEESHE & 0.1 M KOH IR &2 S &R G, 85°C T 20 /MBI L7 % D,
MAEATH 2oz b D, v ba—L e LTT 7 T~A 22 200 ug/mL A & FEH0K %
EREALICbOENENEARK (T2 = UK FEE=3:7:0.1) T 10 i
R L7zt D% Table 2-1 (2777 4544 C Orbitrap-LC/MS JIE 1TV, 10 ug/mL T 77~
A EFEUEMCHE L O LB Uiz, £, WIEMITIC L DMERTIEIZ. 0.5 M,
0.05MKOH B L OEHKIZT 7T~ A ¥ 2 fiRi% ., 85°C T 20 rMMBLHE 21T 572 b D
L. ary b= ELTEKIT I, V2B LI-H0% NMR JIEL, £hEh
DAY MIVOEAL ST VT VIMKRGIEZ LD 7T T~ A 0 OBEZEBEL D5
Ze AT,

2.2. 6 HAEYMREBOREEIEHR

Bacillus subtilis (ATCC 6633) % AW -9 AMsAk Tld, Fig. 1.2 [ d@ 0 B o7 7
T=A T VT UMK TR U, B A AR, A AR e~ N T T
S — TR 2 FIE TR AT ) Z LI > T b, ZoOMEDRBRIZCAVSLRL TV
AUBHRELT 157Y LC-MS/MS JEICE A rTeE Rt L7c, 97, Foi, I8lh, gtz th
10 g & Fig.1-2 [ZH2 & 7 vh VKGRI 24T o 7, R En ot 2 L, 10 mL

B L OKERUK T 1/10 78R U 72 APl V7% 10 mL 12, 0.1 M XF8-7 > & =7 AVEHE (pHS.5)
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2mL ZIN-1RE L, 2EL 2 HORA o ZWEHE T — F U > 2 WAX Cartridge (3 ¢c/60
mg) -MAX Plus Short Cartridge (225 mg) ZiEA L7z, FEfHZ 0.01 M FEE-7 2 =7 AAEIK
(pH8.5) 1 mL TUif L. WKz EEEINEZ, 0.01 M F/E-7 E=7 LEHE (pH8.5) T
20 mL IZER L7z, 1/10 AR U 72 iFigids L OMENG, WA RORHE 10 m L, TRt a0,
0.0l M XEE-7 > E=7 LXK (pHS.5) TII0ARLIZEH D 10mL %, BGA A > 2 HalE A 4
— h VU v ¥ WCX Cartridge (1 cc/30 mg) IZREFEAL, 77T ~vA T &EURLT, EED
—hY o UEFERK3I mL, 90% 7 h=hFU /L3 mL Tk, 7=V K T
(3:7:01) ImL CEMAI—RN) v INETTI~vA U EBHEHL, 7778k I mL %
LT, v~ M) v 7 AORELHEGRT D720, 777~ U OREEE% 100 ng/mL &
mAHE o, MHEE 2 pgml 7 I~ A L BLXN40% T F= R L EHWT, FnE
VAR, 110 AR, 17100 ARSI L7, BARO L O L& 1/10 AR, 1/100 ARIEE

LC-MS/MS #I5E L, FrffE=R & BURORAER ) & ey DR B 2 R L7,

2.3 fRER
231 7u hFA 7 LC-MS/MS HIEEDOHELE

T 7T~ D LC-MS/MS HIEIZ 31T D EBERT A A o _XTRIEAH L, srBED
T L OKE 24T o 72, Table 2-1 (R TIESRMET 1 pg/ mLIICHRE- L 727 7T < & AEHER
W& % Orbitrap LC-MS (ZIEA L, 77T~ A L DR — 27 RS 258D 7 b %%
E LT, SR D7 n~ k75 A% Fig. 2-1 17T,

HILIC 52 % 7 . CAPCELL PAK ST (A). Atlantis HILIC Silica (B). TSKgel Amide-80 (C)
BLO~LFET—RFRARY ~—4 L H T L ThDH TSKgel VMpak-25 (D) D% 7 v~ k7
TLEDEBEN M= VA A 7a~ 7T (TIC; m/z 100 - 1000), FEEDS 1A A2
D m/z 540.3 [M+H]", TED 2MliA A2 D m/z 270.6 [MR2HP O/ v~ 7T LER LT,
RELIEWTNON T ATET 7 I~ A 2w OFRFRRN 8.0-102 3 ThHo, 77 I~A
URRFFT A T LIFMEGR TE D, B IRE D

B — 7 A e B LTV D CAPCELL PAK ST ZAHFFECHW D BN 7 4 L LT
E L7z,

RIZ, CAPCELLPAK ST 1 7 L& AWIZIG G D, 77T~ A ¥V OBRERIZONT, A
HRME DR LC-MS/MS E&HEIZE T D MS/MS IOV TR L7, EHERIZT 7
T~vA TV MEERE AT B h= U KOK (4:6) IRIKT, 2.5, 7.5, 10, 12.5, 15ng/mL
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(ZIREY U 7oA YR 2 I E L7z, Table 2-2 DA THEMERZME L, 7V U —H—A F N
LfliA A > D m/z 540.3 [M+H]* & 2 ffiA A2 D m/z 2707 [MH2HP CHi B A B L. R
ERE (R CREFROIZINZ et L,

TV T —H—A A m/z 5403 [M+H]" ([ZOWTIE, I bBENBRIEONIZ T Z 7 b
A A miz 2171 ZERMA A2 IWWTHRENBIGONTZT 0 X T M A A4 m/z 3782
BEMRAA A TV =Y —A 42 mkz270.7 [M+2HPIZHOW T, I bIREN RS 155
nNleraX s MMAY mz162.1 ZEEMHA A IRWTHENRGONTT X T A
A2 mz217.7 EVERA A & Uiz, RERORERE Fig. 22 1ZR-7,

B OPEREL R? 13 m/z 540.3 [M+H] — m/z217.1, m/z270.1 [M+2H]** — m/z 162.1
EH 0999 Ll bL BAFTHoTZN, EMIEDRRBD bR -To, FRS, TV =Y —A A
M UAlA A D m/z 5403 [MHH]T — m/z 217.1 ORERRITI T 7.5 ng/mL OHRIEE A
RERNPORE S MEET DFRERTH -T2, ZOBLRIZHONTE, FEIFAHTH S 25, [H
CHIZEZ 3 F#ED K LATZRV, RUSRERSTZ, 202 &b, ERHED MS/MS &

o, 7V —P—A A mk270.7 [M+2H*, 70 X7 hAF 2 miz 1621 E%E LT,

232 TAHVMARZRUBEDOT 7T~ A U EE~DEE

TNHYMKGBIRIZ L DT T T~ A ORI OWTHEGE LT, 77T~ A v
200 pg/mL % & 0.1 M KOH ik & % Bl 5% . 85°C T 20 43 MESLER I L OFENNZA,
a2y b= LTT T T~A T 200 pg/ml HIKR EERKEEBRAS LI E 2
Orbitrap LC-MS CT#Hr 217> 72, LC-MS JIEIZITARIE: (7' h=KU /K ¥g=3:
7:0.1) TlOfEAR L= D% 5ul i L7z, LC-MS JI7ESA: % Table 2-1, 734 #E 5% Fig.
2-3 1R,

Fig. 23 13X EMHICBIT DT T I~A v D /ua~ N7 T ATHY, TNZEh LEGR TIC
(m/z: 100-1000) . BE23 1 filhiA A > DOE i m/z 540.28213-540.29293, T BN 2 i1 A4
v DG EHPH m/z 270.64470-270.60512 T %,

TIC 2 &k % &' — 7 L AR YRR & el U7/ SR, 7 v VINEMLEE, 7 v 7 ) FEINEL
HAZNZN 94.0%, 884%L 7T, £z UliA A & 2flif A ICBIT DREHEEIC
DWTIE, Tk UINEVLER 7 v U JEINEMILER & 4 ICHEHERR & [A) U RS2 B il < v
— 7 PR L7z, LEDORERNL, 77T ~A 213 0.05 M KOH NIZH T 85°C T 20
Sy FRIINBLER 24T > T HBAE R0 a2 T 700 2 & Dl S vz,

15



NMR it Cid, B3I T~ TEK (D;W, NMR | cat#047-34243, ‘& L7 A /LLH0
S TRRELL 7, RUBIOMNTIZ 400 MHz mAIREERERE R ILEAEE (B AB RSt
JNM-ECX400P) T1T -7z, 500 mg/mL 7 77 <A 2> 0.05mL |Z 0.1 M KOH, 0.01 M KOH
F72IEDW % 0.05 mL 1z, 85°C T 30 / MNEMLEL 24T o 7=, EVLER: OFEHIM AN,
14mL @ D,W Z %, NMR fEATICHE L7o, fEMTHRE SR % Fig. 2-4 12”7,

NMR A7 FVHNR LIZHRATIEICA A TWD EL 2 SO —7 1%, #E ko
HRAITR LICALEICAATET 5 220 CHy (HAR41E457) O 7 F LTS &E
2 bbb, —Ji. NMR A7 MUVHIR LTZRRAHED 3 2O v— 27 1%, #iEA ki
IRRFNCR LI BICAFET 5 O Ik ENFE LT3 2O CH D> 7 F Mz LTV 5 &
BEzbhd, ZRHOE—23, 0.5 MKOH TUER L7-RHZ, DAY bV BT AF
BN 7 bLIZET ThoZ b, BMEIIHR S, AEE RIS L7cikRE o
NLEDKIEIED H BMEEEL . OlZ/e 7o & B2 BiILD,

NMR fEHTCTIZ, 0.5 M KOH, 85°C T 20 /3 MIEVLIRIZ I\ T, A FVILDIKFE 1085
BT 5 Z L8, BRHEEITHERF S LTV D Z L 3R TE 72, 0.05 M KOH B L OVK (&
K) TlE. 85°C T 20 S INBMLEEZAT > T HAKFEA A v OFEMHITRD HivT, EioFikiE
W HEEITRO bR oT,

ARl NMR 7 D AR Y S 3K LS D37 X B KFITBZE S T
o7z, LA, L. 0.5M KOH TT /v VIMBVLEL L 7= 556 #EREITR LIZEpT D A7 |k
VDAL BIEE S T,

233 AEMRBROBERARE D LC-MS/MS JIE

oA, TBNG. gD 10 g & Fig. 12 (2R L2 FETT VA UK fiEm it 217 -
72 ENZHOMINE 10 mL 35 L ORERIK T 1/10 AR U 72 APl A (1710 PRk
) ©10mLIZ 0.1 M X¥EE-7 > F="7 LK (pH8.5) 2 mL Z¥RAN - IRA L., 22,6 1T%
L7e FE TR O ATV, 77 0 73 BRI 1 mL 2 L7z, ~ M) v 7 2D
BEERT D72, 770 7R BRIRIRICT 77 ~A ¥ U EHERZRINL . RAEIREZ 100
ng/mL &7 5 KO L7z, S50 7 7 v 7 BRiEiia . 1/10 fi5, 1/100 512 AR #% 100
ng/mL & 725 X 9 ICHHEL L 725kl LC-MS/MS I ZE## % Table.2-3 (28 L7z,
FOMAL RN, 1710 FIdh R, I 31T 2 BICRILZ L2 4L, 61.2%. 63.7%. 67.1%.
59.9% Chol, £lo. H7 7 07 BB Z 1/10 5 L7z b OITAELERN L 7230
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[EUERIZZ T 81.7%. 84.2%. 86.7%. 83.8%. 1/100 {547 L 72355 ORI IL 98.5%,
98.3%. 101.7%. 97.5% & AR & @R M B Lz, #3EHE, £h<h 1710 LU
FOFmREATH Z & TLRESNTZEKETH DR 75%LL Ea BED ETITiE~ MY v
7 ADRBEEAR T E Iz, FERIGEIO~ U v 7 ZOREMRERE RN, KETHE
LU 7o AR L 2 53 10 LTS UB R TE Tl MR D IR E STV RnTe
. MSMS IEIZBNTA A ALEAENEE TWDH Z RPN E o T,

2.4 B

ARETIL, BEMTICERTLT7 7T ~A 2 OERNETIEEZFRT D -0 OFFIHR
WElTole, £ 7T I~vA U ERMET D LC-MS/MS IZOWT, 7#Eh 7 Lok
ExlToT. BN 7 DX, 77 T7~A T ATEDE WD Th AT, A 4 X7
S PP 2 BSBER & L CREF ATREZR HILIC R0 7 A L v L FE— RRAY
— TN T NTRE ERAT T2, A7 A&, HILIC 7% 7 5 Téh % CAPCELL PAK ST,
Atlantis HILIC Silica, TSKgel Amide-80 ® 3 fiffié ~ /L FE— RRRN I ~—F N AT LTh
% TSKgel VMpak-25 (ZOWTHF 21T 572, WINDOA T AL T 7T~ A v BRFFT 5
ZENERTELN, AT LOMBIZ L > TE, B —2BIRAELNZ2VEOE
bz, BEtLi=h T A Tld, CAPCELL PAK ST 23 b B — 7 JRIRICHE, B — 275
ELEmWiER o7, E72, HILIC 2h 7 Ad, AT 7 A& i U TREROERR
PMENRLEDESONTND, TTT~A DA FAEETIE, TV —F—A 4P |
filiA A2 D m/z 5403 [M+H]", 2 flif F > D m/z 2707 [MH2H]P 2 W= FENRE Sh
TEY ., TNESBHBIC Table22 TRTFUTT 7T~ A ¥ OREBBAEMER L, ERMEE
Med Uiz 7V I—H—A F 3 LliA F 2 D m/z 5403 [M+H] DA, M Lb K
E AN D EBBN DN R BT, —FT2MliA A D m/z270.7 [MR2HP* D FH1X%
ORI R BT, 2 TORTREMNIRER LICT vy hEhiz,
TNAVIMKGBIRC LD, TTT~vA 2 OEE~DORBEZONTE, 7T I~ A
Wkt L CT vl UMK RERALER 24TV, T 7T~ A ¥ iR STV 70Dy, Orbitrap
LCMS (T X 2 K% 8 ST & O NMR JIEIZ K D HEERTIC KX O B Lo, R, 7Tl
UNKGFRALERIZ L0 | T T~ A L 3B RINnZ R gnole, Ko T, &EY
WHT T T~A v EMET 5 H5E0—2 L LTTVH UKD IREZRD AD Z &1
BRTHLIEDBHLNERST,

17



T IZT, TTT=A T OAEMRERIZHO G TN D TV UK g3 508k B
& LT LC-MS/MS HIFE 2 IS T DMkt Lz, oA, NN, Iz 7 v U ik
g L. iRz PR L7k, A A ZZHER D — B Y VB KO A A A HAEE I —
MY DR LSO 7 T v 7 RESIR AR LT, 77 v 7RIS 7T~ A
T EEML LC-MSMS JIE 21TV, RMERL Y DR 2 i~ T, R, IR 70% R
WChole, ZOT T v JiKAE 10 15, 100 {5 & AR L7 b ORI U 7= 308 2 1
E LTofi R MRS R BN DT o4, BUERS E5A U, RO A 10 fFIcm R L7
H DT, FEEERNT OB TS 80%LL I, 100 5 R L7z b DT, B
THLDOENL S 9B%LA b & IEFIC RAFREINE & 7r o 7o, ZORERNE | AEDRBRIZH W
SR TVLREHRETIETIE, LC-MS/MS HIE 21T 9 72D DIMERR /3 D357 1T hRE S 7
W2 ERHALMNE o7, Fio, Fig 12 IR TRERFIE TR, 7Tvh UKy itttz
RO T I ZAT O LERH Y | ZOEMEIIFFEITHMETH D, AR THE LEHET—
FU w2, A AR EF S — B U » P1X WAX Cartridge (3 cc/60 mg) -MAX Plus
Short Cartridge (225 mg) . F5A A ZHREFE T — b U » 21X WCX Cartridge (1 cc/30 mg)
MW, S%IT T T~ A oWtk L TR ORYEEZ S 512, pH DN N7 [EIFH
—hY v PEEE L, LC-MS/MS RIE (TR T RE G T k2 a3 5,
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= =

RIEMTORET 77 ~A v EENE T EZRET 2200 FRiRE 217 - 7,
LC-MS/MS HITED AT TlE, BN 7 L Ot & ERESHTEERE DA A AR &%
BEt Ui, 0BED T DOREITIE, 777~ A 2 ATBUKMED RV Z & 726 HILIC &2 D
NI LEINVFE— RRRY) =T NVB T DT, BN 7 DMIA—T—DRID 3
B OHILIC 2 7 L v VT E— RRRY ~—F 0N T L% G LT Rt Ofs 5.
WFNDN T LTHET T I~A V2R TLIENARETH DL T LA LZR, B—
7 IR e b BAF T, B — 27 B3R CAPCELL PAK ST 2 3Hfh 7 4 & L CGEE LT,
BRONTEEEDORMERE T, A A AMDT Y I—H—A FUNZDNT, U liA A2 D m/z
540.3 [M+H]" & 2 ffiA > D m/z 270.7 [MH2H & Lt U, e B o0 ELRE CREE L 72
LA UliA A2 D miz 5403 [M+HH] 2 W25 L0 2 ffiA A2 D m/iz 2707 [M+H2H]* %
AW ERED TWHEBERELND Z LR gh oz, BREFRRITIETIZ, 7 U Ik
FRICE DT 7T~ A 2 v ORRBBEE SIS, TAB VIMKGRGEDT 7T~ A v %
Orbitrap LC-MS HI/E X N NMR Z K bt 24T o7 2 A, 77T~ A 37 7 U
KPR LD NRENRES NN LR oT, DT, TTT7~A v OAEYRR
WREBETT VA Y KRS R % . IR O PRLELZ 4T BRA A v A HAEAR 7 — b
Uy DA Ao aZmE@R— Y v U THR L, LC-MSMS I X 2 HIEZHATZ, L
L. 777543 DAFACERET DHRMENR D2 oIl lrETE T R TiER
LC-MS/MS IEIEH TERWZ L3 inoTle, Fio, T VMK RAHZIZAT S . Hl
HiE > pH FHEE (B o i) #BARIIEFE I TH D Z b, & 3 ETIE, ffmil
PRA AW U 7= A 7 3R T O 217 5
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U
Table 2-1 Orbitrap LC-MS conditions (Thermo Fisher Scientific)

LC parameters

Equipment Dionex UltiMate 3000 (Themro Fisher Scientific)
Column* CAPCELL PAK ST (2.0 x 100 mm, 5 um: OSAKA soda)
Flow rate 0.3 mL/min
Injection volme SuL
Column tenperature  40°C
Mobile phase A:0.4%(v/v) formic acid in water, B: 0.4%(v/v) formic acid in acetnitrile
Gradient Time (min) A (%) B (%)
0.0 10 90
5.0 10 90
8.5 70 30
17.0 70 30
18.0 10 90
27.0 10 90
MS conditions
Equipment LTQ Orbitrap Velos (Thermo Fisher Scientific)
Analysis mode Full Scan
Ionization ESI positive
Chapillary voltage 3500 V
Sheath gas 50 L/min
Auxiliary gas 15 L/min

Capillary temperature 40°C
Heater temperature 70 V
Mass range m/z 100-1000

*When evaluation of columns, four kinds of column were tested including CAPCELL PAK ST.
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Table 2-2 LC-MS/MS conditions (Agilent Technologies)

LC parameters

Equipment 1260 Infinity LC (Agilent Technologies)
Column CAPCELL PAK ST (2.0 x 100 mm, 5 um: OSAKA soda)
Flow rate 0.3 mL/min
Injection volme 10 pL
Column tenperature  40°C
Mobile phase A: 0.4%(v/v) formic acid in water, B: 0.4%(v/v) formic acid in acetnitrile
Gradient Time (min) A (%) B (%)
0 10 90
5 10 90
8.5 70 30
17 70 30
18 10 90
27 10 90
MS conditions
Equipment 6470 Triple Quad LC/MS (Agilent Technologies)
Analysis mode Selective reaction monitoring (SRM)
Ionization ESI positive
Chapillary voltage 3500 V
Drying gas N,, 300°C, 5 L/min
Sheath gas N,, 400°C, 11 L/min
Nebulizer gas N,, 45 psi
Fragmentor 140 V
Collision gas N,
Transitions
Compound Molecular weight Precursor ion (m/z) Product ion (m/z) Collision energy (eV)
a
540.3 217'11,: 25
Apramycin 539.58 378'2a) 12
270.7 162. 1b) 5
217.1 S

* Used for quantitation, ® Used for confirmation
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Table 2-3 Confirmation of matrix effect (Alkaline hydrolysis)

LC-MS/MS Results

Sample? . Peak area ratioc”  Recovery”
Retentlc_m time Peak area (%) (%)
(min)
x1 Matrix (100 ng/mL apramycine) 11.213 86684 67.6 67.1
x1/10 Matrix (100 ng/mL apramycine) 11.220 111738 87.1 86.7
1/10 Bovine liver , ) .
x1/10° Matrix (100 ng/mL apramycine) 11.227 130976 102.1 101.7
x1 Matrix (Blank) (0 ng/mL) 11.227 617 0.5 -
x1 Matrix (100 ng/mL apramycine) 11.213 77144 60.2 59.9
x1/10 Matrix (100 ng/mL apramycine) 11.227 107765 84.0 83.8
Bovine liver 5 . .
x1/10° Matrix (100 ng/mL apramycine) 11.227 125330 97.7 97.5
x1 Matrix (Blank) (0 ng/mL) 11.220 356 03 -
x1 Matrix (100 ng/mL apramycine) 11.220 78977 61.6 61.2
x1/10 Matrix (100 ng/mL apramycine) 11.227 105338 82.1 81.7
Bovine muscle 5 . .
x1/10° Matrix (100 ng/mL apramycine) 11.227 126820 98.9 98.5
x1 Matrix (Blank) (0 ng/mL) 11.220 561 0.4 -
x1 Matrix (100 ng/mL apramycine) 11.220 82126 64.0 63.7
x1/10 Matrix (100 ng/mL apramycine) 11.227 108218 84.4 84.2
Bovine fat N
x1/10° Matrix (100 ng/mL apramycine) 11.227 126255 98.5 98.3
x1 Matrix (Blank) (0 ng/mL) 11.213 231 0.2 -
Standard” 100 ng/mL apramycin 11.234 128232 100 -
1) Sample

Tigsue: 10 g, Extraction: Liver 0.05 M KOH , Muscle, Fat 0.1 M KOH, Extract used for purification: 1/10 Liver 1 mL(1/10 dil,
10mL), Liver, Muscle, Fat 10 mL,

Preparation: Extract was neutralized, impurities were removed with WAX-MAX. and the apramycin was recovered with WCX.
2) Standard in solvent

3) Peak area ratio (%) = Sample peak area/Standard peak area

4) Recovery (%) = (Peak area of sample fortified with standard - Peak area of matrix)/Peak area of standard
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A

RT: 0.00 - 25.00
9.88 NL: 6.73E7
100 TIC .
; TIC F: FTMS + p ESI Full
80 «— Apramycin ms [100.00-1000.00] MS
20210316_03_stdn1
60
40
20 287 365 554 L1,Q.47 1272 1432 1857 1932 2289 2484
103 9.88 NL: 3.11E7
8 m/z:540.3  maz=
s 80 540.28213-540.29293 F:
= 60 FTMS + p ESI Full ms
3 [100.00-1000.00] MS
v 40 20210316_03_stdn1
T 20
¢ o 3.89 738 907l 1082 1267 1642 17.72 24.01
100 9.89 NL: 7.09E6
m/z:270.6  mz=
80 270.64470-270.65012 F:
60 FTMS + p ESI Full ms
[100.00-1000.00] MS
40 20210316_03_stdn1
20
10.82 1272 1577 17.22 18.77
0 | T T T T T T T T T T IRARRERERRS T T 7O T T T T T |
0 5 10 15 20 25
Time (min)
B
RT: 0.00 - 25.00
8.52 NL: 7.81E7
100 . TIC _
Apramvcin TIC F: FTMS + p ESI Full
80 «— Apramyc ms [100.00-1000.00] MS
20210317_03_stdn1
60
40
1.18
2 283 3.71 9.05 967 1335 1549 1865 1938  22.99 2455
103 8.52 NL: 4.05E7
8 m/z:540.3  miz=
g 80 540.28213-540.29293 F:
= 60 FTMS + p ESI Full ms
2 [100.00-1000.00] MS
3 40 20210317_03 _stdn1
=
T 20
g o1 128 318 11.31 12,69 14.93 16.56 18.70
100 8.52 NL: 7.04E6
m/z:270.6  mz=
80 270.64470-270.65012 F:
60 FTMS + p ESI Full ms
[100.00-1000.00] MS
40 8.42 20210317_03_stdn1
20
0128 4.89 9.08 9381 1243 14.37 16.92 18.70
T T T T T L T T UARARN LARAE RARAN AARRS RARAS RARRELARES R IMLRARRERERRE
0 5 10 15 20 25
Time (min)
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C

RT: 0.00 - 25.00
100

80

60

40

10.16
<« Apramycin

TIC

NL: 6.20E7
TIC F: FTMS + p ESI Full
ms [100.00-1000.00] MS
20210318_03_stdn1

20 1315 14.16 1512 1909 2048  24.85
0
10.14 NL: 2.79E7
g 100 m/z:540.3 =
c
5 80 540.28213-540.29293 F:
= 60 FTMS + p ESI Full ms
2 [100.00-1000.00] MS
T 40 20210318_03_stdn1
Z
T 20
g, 10.98 12.65 15.27 16.98 18.69
10.14 NL: 1.00E7
80 270.64470-270.65012 F:
60 FTMS + p ESI Full ms
[100.00-1000.00] MS
40 20210318_03_stdn1
20
10.93 12.85 14.76 17.59 18.75
0— RN R L L B RN R R ) Rl Rl R R LR LA RAL RARRS RARRN LR R IRALARARARS|
0 5 10 15 20 25
Time (min)
RT: 0.00 - 25.00
8.06 NL: 3.49E7
100 8.01 TIC TIC F: FTMS + p ESI Full
80 ms [100.00-1000.00] MS
20210322_04_stdn2
60 -
40
209 || 0.74
=2 143 445 573 |\ 8.54 928 1454 16,07 18.78 2032 2198 2434
mg 8.06 NL: 1.81E7
8 8.01 m/z:540.3  miz=
5 80 540.28213-540.29293 F:
= 60 FTMS + p ESI Full ms
2 [100.00-1000.00] MS
T 40 20210322_04_stdn2
=
T 20
g, 10.73 12.04 14.22 16.01 17.98 24.69
100 8.06 10 NL: 3.19E6
m/z:270.6 m/z=
80 270.64470-270.65012 F:
60 FTMS + p ESI Full ms
[100.00-1000.00] MS
40 20210322_04_stdn2
20
9.44 1127 13.18 1547 17.54
0— R R R A RN R AR LR ARE RS EERR) RALR RAARE RARSS RAREE ELAR) RRARN RRRRN A AARALARRRRRD]
0 5 10 15 20 25

Time (min)

Fig. 2-1 Apramycin analysis chromatogram

A: CAPCELL PAK ST, B: Atlantis HILIC Silica, C: TSKgel Amide-80, D: TSKgel VMpak-25

Upper: TIC, Middle: m/z 540.3, Lower: m/z 270.6
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m/z 540.3 [M+H]|" — m/z 217.1

Apramycin3.100 - 5 Levels, 4 Levels Used, 5 Points, 4 Points Used, 0 QCs
2 %103 | y=9472716 " x ~ 2 + 171.429033 * x + 292 315056
£ 54 R"2 = 0.99903658
8 Type:Quadratic, Origin:ignore, Weight:None
é 4.5
44
3.5
3_
2.5
2_
1.5
14
0.54
T T T T T T T T T T T T T T T
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Concentration (ng/ml)

m/z 270.1 [M+2H]*" — m/z 162.1

Apramycinl.70 - 5 Levels, 5 Levels Used, 5 Points, 5 Points Used, 0 QCs
%10 3 | v = 5544514 " x ~ 2 + 241.141272 * x + 40.733165
1 R"2 = 0.99988071

4.5 Type:Quadratic, Origin:lgnore, Weight:None

Responses

4-
3.54
3

T T T
14 15 16
Concentration (ng/ml)

o=
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@
~
co
o
5]
=
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&

Fig. 2-2 External calibration curves of apramycin (2.5 - 15 ng/mL)

Upper : m/z 540.3 [M+H]"— 217.1, Lower : m/z 270.1 [M+2H]**— 162.1
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A: 0.05 M KOH, 85°C 20 min

B: 0.05 M KOH, Unheated

RT: 8.70 - 10.80 RT: 8.70 - 10.80
100 9.65 NL: 2.20E7 100 9.64 NL: 2.07E7
B 964 |o @ TICF.FTMS+pES| 3 @ TICF FTMS + pES
30 Full ms 803 9.62fg68 Full ms
] (100 00-1000 00] MS ] [100.00-1000.00] MS
60 20190215_17_S1n1 60 20190215_18_s2n1
40 40
207 20
mg; 955 NL 3 55E6 mg: NL: 3.29E6
° ] 964  |gg7 b = ® ] miz=
2 a0 540 28213-540 29293 2 g9 540 28213-540 29293
| 7 F-FTMS + p ESI Full | 7 F FTMS + p ESI Full
5 604 ms [100.00-1000.00] 5 604 ms [100.00-1000.00]
2 13 MS 2 13 MS 20190215_18_s2n1
o 40 20190215_17_S1n1 o 40
= E = E
- 204 - 205
* ,dsr 938 9.85 1023 * ,de00 927 9.83 1023
965 NL- 3 99E6 965 966 NL- 3 99F6
100 964 | 967 ¢ iz 100 mas
807 270.64470-270.65012 803 062 [lo.68 270.64470-270.65012
3 F: FTMS + p ESI Full ] F: FTMS + p ESI Full
60 ms [100.00-1000 00] 603 ms [100 00-1000 00]
] MS ] MS 20190215 _18_s2n1
407 20190215_17_S1n1 40
20 076 20
E 9.38 994 1908 9.27 9 89 1025
0T 7T T T 0
9 10
Time (min) Time (mm)
C: H,0, Unheated (Control) D: std. (10 pg/mL)
RT: 8.70 - 10.80 RT: 8.70 - 10.80
100— 0.66 NL: 2.30E7 100 965 9.66 NL: 2.34E7
3 a TICF: FTMS+pES 3 068 TIC F. FTMS + p ESI
2303 Full ms 2303 Full ms
] [100.00-1000.00] MS ] [100.00-1000.00] MS
60 20190215_19_s3n1 60 20190215_20_s4n1
40] 40]
20 20 10.30
0 966 966 NL: 5.70E6 0 065 066 NL: 6.28E6
1004 - 100 -
@ 7] b miz= © m miz=
2 gog 9.68 540 28213-540.29293 2 god 540.28213-540.29293
g F FTMS + p ESI Full g 73 F FTMS + p ESI Full
S 603 ms [100.00-1000.00] S 60 ms [100.00-1000.00]
£ 17 MS 20190215_19_s3n1 £ 17 MS 20190215_20_s4n1
o 40o o 40
= E -
T 20 5 20
© ,1894 952 9.82 1024 © 1895 94 9.87 1025
100 966 gg7 . NL 4 34E6 100 o ° 966 NL 474E6
80 063|968 270.64470-270.65012 0 9.68 070.64470-270.65012
F: FTMS + p ESI Full ] F: FTMS + p ESI Full
603 ms [100.00-1000.00] 603 ms [100.00-1000.00]
3 MS 20190215_19_s3n1 3 MS 20190215 _20_s4n1
404 404
204 204
4 917 954 9.90 1027 3 9.90 1027
O T T T T T T T T T T 1 O T T
9 10 10
Time (min) Time (min)

Fig. 2-3 Effect of heat-alkaline treatment (Orbitrap-LC/MS analysis)

A: Alkaline treatment (0.05SM KOH, 85 °C, 20min),

B: Alkaline treatment (0.05M KOH,

Unheated), C: H,O Unheated (Control), D: Apramycin standard (10 mg/mL)

a: TIC (mass range: 100-1000), b: m/z 540.28213-540.29293, c: m/z 270.64470-270.65012

27




0.5 M KOH, 85°C 20 min D,0, unheated (control)
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Fig. 2-4 Effect of heat-alkaline treatment (NMR analysis)

'"H NMR Data of AP treated with alkaline hydrolysis with 0.5M KOH (A), AP treated with alkaline

hydrolysis with 0.05M KOH, 85°C 20min (B), AP in D,O (Control) (C), AP in D,0, 85 °C 20min

D)
Red allow: Signal of CH in AP formula structure, Blue allow: Signal of CH2 in AP formula

structure
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% 3FE LC-MS/MS JIE Ak OB S E O

3.1 ¥#E

B2ETITEEWTOT 77 ~A 2 HEICET 2 FaliRE 21T > 72, LC-MS/MS E &
HIE OFERRFHZI DWW TR, BEED T L OBRECHEROIIRERS . A A AL OB
AT T2, S 7 & UC HILIC 24 7 5 CTdh % CAPCELL PAK ST Z##7E L7=, £7-.
HE&OITEICHB T 54 A AL TR, 1 MliA A& 2fliA A BTV h—h—AF LT
ELDHZEND, TNENDOT Y G —H—A FUNZDON T, REREER LIRE L B —2
SREEOMHBZTAR, 2 flif Ao 2 AW AR LD @SR EONL Z 2L E L,
LC-MSMS 12X BT 7T~ ro7u M2 A THIEREHER LT,

ARECTIT, F2ETHELLZLCMSMS ICL DT 7T~ D7 & A THIERDORK
WAL & MR ERE IS S5 72D OFRELO T EZ G Lz,

e BRI K D EEITIEDPHESL STV WELH & L TiE, o HaUEH O F Rk
IR FTBRES N TORNZ ENET B LD AE T AR EHREIC X D LC-MS/MS
BE R A RENLT D 128D ooHT FIRRER & MRS 2 BR BT 2 T2 D TGk % LI RET LT,
ST, FOMA, IS A, F2IiE S TORWAEDIRIIC DWW T b B OFR R
Tk R LT,

B DT 7T~ A VAR ITEE, T Y K R X OV n-s e U AETE
TTO TCA it (~F - -TCA i) THET L7z, #iHED b O3 Hralet o i S S

=Ry PERWTEH Lz, 7 UK S KO3 2 -TCA fhiH o fili
ML L BITHERME T, 777 ~A 2D pKal 85 THHI EMD, T T~A v &l
BHIEDLEFA— Y v L LT, WHHRGA 4 ZZHILESIKEME T — Y v P25t

Lz, 1. 7T I~A VDA ACICEEE BIF MRS SR ET 5720
FE O HLB L EAKEF D — N U v AT 5 HIEORF 21T o 7, st L7 ipH
BT MRLICH Y T DIREICRD X OICT 7T~ A U &2 LTk (.
HENG : 0.5 ppm. ATl : 5 ppm) DOHEIE ZFTVN, JRIRVE & BN ERICOW TR L7, 2
I A BT A ANZHESZITo72(1, 2),
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3.2 G
3.2.1 AEK
T 7T~ A T RS M 99.5% (B £ AV AFDEHIEER) TR =YL
mERAE 7 v~ N 72 7R (BREFER), ¥ SRk n~ 778 (R
B, n-~FH U Rk (BEET7 AV AROGHEER) . 22— LCMS Hl (BEE7 1 v
AR 2-F a %) — b @RIR s v~ 77 T (B LT A L AR |
100% (w/v) bV 27 ook - A5l (87 A v 2F0egER) | 7o =70K
(10%) @ (&7 A /L LFEHSEERD)  (cat. # 013-17505), /K : HEE ML AR KB REEE ©
FER L= bO&2MH LU, BKME-BMMXZ > & (hydrophilic-lipophilic balance: HLB) 7
[EfH & LC, Supel-select HLB (200 mg/6 mL) (Merck %), Oasis HLB Plus Short Cartridge
(225 mg) (Waters £) | [5iA A L 2RI [E#H & L C. Oasis MCX Plus Short Cartridge (225 mg)
(Waters #L%1) | InertSep mini MC-1 (280 mg) (¥ —= /¥ A = 2H) ZHEH LT,
LC-MS/MS HITEIZ VD438 A = 2 & L C HILIC 52 4 7 1 Cd 5 CAPCELL PAK ST (5 pm,

2.0mmx 100 mm) (KB —#H) % H\ -,

3.2.2 =¥k
LROFAL, FFK, IEIE & AN Z B IREHNORKR/NEIE TERNES D HINT S
HOZRBEAL, 222 LRFEICAEE AT -7,

3.2.3 775~ U REEREIRE L OBINERE O FRER

T T~ A R 1182 mg (77T ~A 2100 mg fH4 &) 2L, /K 10 mL
TEE LT 10 mg/mL 8 FRYEIRHR) 2Rl U7z, ki3 0.2 mL 2L, Wi (-30°C)
17 L7z,

B R R IR 2 7 2 b= b U LOK/FEE (30:70:1) JRIK CHEEAR L,
0.5-3.0 ng/mL, 25-150 ng/mL, 3 X T¥250 - 1500 ng/mL O FE DA Z i L7,

FUBHAIN A YRS IR A YRR A K CA IR L, 200 pg/mL 35 & T8 20 pg/mL ORI 2 75
L7s BT, TNENDOEIEE 50% A X/ —/LTHIR L, 100 pg/mL 35X V10 pg/mL
DR AR LTz, 777~ 3 CBIEREUE OFRIT 0.5 mL OREHAIN AR (5
ppm OHFE1E 100 pg/mL ¥EHE, 0.5 ppm DA 10 ng/mL EHK) % 10 g DAY 71
WA TELKEELIEDODL, 25°C T30 MFHE LTz, 207 77~ A ¥ IR REEE
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X, ZNENERTT 07 U R MRIEIZHEIT 5, FRREAEEMY (o, BB : 0.5 ppm,
EORFIE - Sppm) DIRETH D,

3.2.4 HESRBLOERE
A 5 AR E ¥ A ¥ —IL Polytron PT3100D % . % 7 hiX PT-DA 20/2EC-B193
(Kinematica ) Z i L7z, O BERs 1322 AR08 m Az D AX-320 7 — & —TS-37
(100mL 17 &# 7% —ft&) (TOMY 1) ZH L7z, @ ORERME S 30 O/ L —
% — CVE-3100  CREEERHERRH) . ERZMEH~ =38R —/L 8 (Waters f) ZfffH L
7. LC/MS/MS I3 Agilent Technologies D Endik il 7 v~ ~ 77 7 1260 infinity LC 35 X

'8 BT HEE 6470 Triple Quadrupole % ff ] L 7=,

3.2.5 LC-MS/MS HIESMH:

75 2 T LC-MS/MS HIERMF ORISR D, S 7 2% CAPCELL PAK ST, 7'J
=Y —A F T2 fliA A2 THD miz 2707 [MH2HP @R LT-, KETIZ, 777
<V OBREE 2 EH S 57200 LC-MS/MS & O fgiift 247 - 7=, IE S O fxi
BiX 1 pgmL T 7T~ o AERERIG AN T T 272, £, 797 A Z—EEZ 10V
CHOVICREL, FU I —H—AF L DT RARANNT NLERR, RERT T A2 —
BEAZREL, SHIC, a)VareliBilsal)va g X—%5eVICHEL
TRy M A DT AART MVEFA, LC-MS/MS G % ik Uiz, Sk L=5
PECRERMAER L. ERIELRNTC, E720 1 AliA 8D T b RERD 515 TRl
L7cAER 2 IR A R L. R 2 TR~ Tz,

3.2.6 LC-MS/MS JIEMHRBOFRBLST 1k
3.2.6.1 TV VMK L 2

BN S DT 7T~ A DT VT VKRR E O % Fig.3-1 (27, A
&L AR K OVEITIR TR 22 5 FIE CTHt 247 - 72,
a) N

AEHERG 10 g 12kt L, 0.4 M KOH-20% A & / — V¥ 50 mL Z i 2 THIFE L, 65°C T 30
M. 180 rpm THRE 9 L7z, EHHITKME, 10%  (wiv) MU 7 v o FEEREERL 15 mL ¥s
U5 HEAREDFA X LT, EHIC, n-~F 2 30 mL 2300 LR L7205, 3000 rpm
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T 10 srfHiE L BEAATV, KA Z BRI L7, flHHZREE I 10% (w/v) TCA ¥ 30 mL
EnAFH U 30mL ZRMNL 5 AT A X L%, 3000 rpm T 10 43R OBk L
oo ZKAB 2 BRER L JEITER I L 72 AKFRIZ & 4o, 10% (w/v) TCA BHE T 100 mL (ZER L7z,
b) A, AT

R, AR 10 g (2% L. 0.4 M KOH-20% A % / — VIR (4-FlgiE 0.2M KOH) %
S50mL M x TS5 MAETETFHA X LTk, 65°C T304, 180rpm THRE H Lz, EHHIZ
Kintk, 10% (wiv) TCA VAR 10mL %, 5 2MAETFA A L7, 3000 rpm T 10 47
HLHERZITV, RIE AR L7, FhHZRREIC 10% (w/v) TCA VK 30 mL % i 2 78 &
T A AL, 3000 rpm T 10 Sy fim Loyt Uiz, RIEAIREZSSEL ., S0 BIEARICE

=%, 10% (wiv) Y7 v aFEEER T 100 mL IZER LT,

3.2.6.2 ~FH oMY 7 oo FEERRIC X HHhH

TR S OT T I~ A D~FH - MY 7o lEig (TCA) fit HiEOME %
Fig.3-2 12739, HlE & s KO TR 2 FIRChitt 217 - 72,
a) e

B0 gl210 % (w/v) TCA%SHK 40 mLZ /N z., Vortex mixer TR  ###E L7z, n-~FH

40 mLEWM L, SHOBIARET A X LT, 3000 rpmTl05r Rl LorBfE L, A ZEIR L7,
HHHHZR 1210 % (wiv) TCAVANR40 mL, n-~F 4 25 mLA Mz 553 AT A X LTzt
R & FRRIZE DB LT, AKFEZ IR L, ZEIC B LKA DY, 10% (w/v) TCAR
100 mLIZER L7z,
b)Y, AT

L 10 g 1 10% (w/v) TCA %k 50 mL &%, vortex mixer TR < H##f L7214, n-~F
P30 mL ZFN L, BREY T A X L7, 3000 rpm T 10 23R Doy EE L. KM EERE L
7z MBI 10% (w/v) TCA ¥ 40 mL, n-~F 4 25 mL # Mz, 5 A€o )
A X L7z, 3000 rpm T 10 syfiz OB L7z, KMEZDER L, I B L 7zKMEIcE

. 10% (w/v) TCA ¥%#E T 100 mL I[ZEZR L7z,

3.2. 6.3 LC-MS/MS HIE Akl o Rl
D 5 O LC-MS/MS JIEHFEOFHEIIEM T — R Y v U2 AT T 72,
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T T~A T E pKa 8.5 LI OME 2 Fo Z LTl A . AR TR L a5k o
HIRITBEBETH D2 b, 7774 #WETHEMI— Y v & LT, #ifH%
BiA A A HaEM A — R U » ¥ [Oasis MCX Plus Short Cartridge (225 mg) LA F MCX &
InertSep mini MC-1 (280 mg) LA F MC-1] AR Uit L7z, £7o, fhiikPicE Ensd

RHMER Sy DWW AERRE 2 B & L2 B OBUKME-BLl /Y7 > Z (hydrophilic-lipophilic balance:
HLB) #UEFEA— U v Toh D, [Supel-select HLB (200 mg/6 mL) LLF SupelHLB & Oasis
HLB Plus Short Cartridge (225 mg) LAF OasisHLB ] % AV 7=, SliHE IS E £ 5 MRSy
O AEFRZEIL, HLB EfS— F VU v (SupelHLB X(% OasisHLB) 7>, 2 FEEH O S 7=
HLB [EFH 57—~V ¥ (SupelHLB & OasisHLB @ 2 FEEADEFH D — kU v P& jdifs S 872 8
@ (LAF., SupelHLB-OasisHLB) THffAa{T>72, S HIZ, HLB EHFET— MY v PO FHIC

WA R A A ZRHEM A — R Y ¥ (MCX XIEMCL) Z3f S5 2 & T, HLB HU[EHHH
H— bV PEBEUTHHIEN DESET 7T~ A 2 B BT S FIEE R LTz, SRR
DERETDHIEOOEMEI— RN v e T T I A VU BIT ST ODEEI— Y v D
FA A & LT, OasisHLB 80\ M & SupelHLB & MC1 O 2 #55[EAH (£ 41241, OasisHLB-MC1
B L O SupelHLB-MC1) . SupeHLB-OasisHLB & MCI1 8\ M & MCX @ 3 #fEEAE (22,
SupelHLB-OasisHLB-MC1 5 X O SupelHLB-OasisHLB-MCX) O 4 f&¥5 (2 S\ TR 21T - 72,

B — RV v N X DR O FA% Fig. 3-3 (27, A X/ —/b, K% 10 mL % [#
MA—1tY y VICHEA LT v a = 7 w47 o7, fliliik% 10 mLiEA L, 0.1 mol/L
HCl10 mL (5mLx2) Ty L7-, SupelHLB & OasisHLB #Ht 0 4+ L. MCX F721% MC-1
WK, A 7=, 2-7asX)— T =M AKROUK (7:3) {RIEEZNLENA 10 mL

(5mLx2) TUH LI, 77 I7~A v ORHIE, 7orE2=7K (10%) KOT7TEF=1Y
v (3:7) R 10mL (5mLx2) Z /e, WIS ORE R 2 T, 40°C THRME
EhRELZ, ZOEREWE 30% (v T F= MU VL, EMIZS mL & L7z 0%
BRI & LTz,

3.3 ®R
3.3.1  LC-MS/MS HIE &0 ik

Table 3-1 IZRTERMHT, 1 ugmL OF7 77~ A > %PEL, LC-MS/MS HIESAED i
Wb EIT o7, BESWEBEOFMEL LT, 777 A 2 —EBEOHHEIToT, 777
A B —EEIFA A PRTHER LA A v ZEESHTE~SEAT HERICHINT 2 EETH
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V. ZOEEICE > TERENEET 5, FH2ETIL 140V TR ZITo 722 AFETIE 70
VEMOVIZEHEL, A% x VEiH%E m/iz50-1000 T7 7 T7<A 2DV AANT hLD
MR ZAT o 72, FER% Fig. 3-4 ©_LEHIRT,

TITA B —EETOV TIE T 1 b AN OME3HPT & [MH2HP 5358 < BlE2 S 4,
7T AZ—EE140V TIET e AN OMHHF R BlESNTZ, 7T 7 A
VAT 70 V TlE, IZIEFERE O E— 7 5 CM+3HP & [M+2H]* T3 i & 2 flidZ=
NENDOA AP L2y, 2 il T 3 MoA Ak, BEENT 7 I7~A v D

BEHEDEPRKRELSRY, FREEIIRITLZENBEIND, /o, TuX 7 A
ELTHIT 24 A OEERHL /NS RD AN H U | IRy DB A 21T % FlHE
MNRFEL 72D, £ZT, 10 VIZBT D7V ——AF > % m/z 270.7 [MH2HPIZEEE L
7o £, 140V IZBT DTV H—Y—A 4% m/z5402 [M+H]IZERE LTz, S HIC
UPara g F—%5eVICREL, 777 A Z—BETOVIZEBTL7Y) I—H—A
v m/z 2707 [MR2HP, BEOT T 7 A &2 —FEE 140 VIZBIT D 7Y h—H—A 4>
m/z 5402 [MHH]" OZENZEND T a X7 hA 2 AT MR LT, fEid% Fig. 3-4 O
TEITRT,

T =Y —A G W 2MA A D m/iz 270.7 [MH2HP TlL, Vv &7 A4 L LT
m/z 1621 B X O m/z 2172 o< Bl STz, £7, LA A2 D m/z 540.2 [M+H] Tl
Tagy " AE L Tmiz 2171 BE W m/z 3782 B Bl S iz, LLEORER?D
TTI~A DA T AT, BSL IZBIT AR T 4 7TE— R TA AL, BEEK
RLTENEBE L, 77T AX—EELETIOV TILT U I —HY—A 4> miz270.7 [M+2H]*
WZOWCTERMA A% mz 162.1, EMHA A% mz 2171 IREL, 7T T A Z—
BIE 140V Tl 7Y B—Y—A 4> m/z 5402 [M+H]NZ O W T EEH A 4> % m/z 217.1,
EVERA A % m/z3782 LRXGE LT,

BRIE LToA A ARG T, 3FEBE OB (0.5-30ng/mL, 25-150 ng/mL, 250 - 1500
ng/mL) TT7 7 T~A L OMRBMEMER L, BEMEZHR L, T D—H—AF &
LT 21ffiA A2 D m/z270.7 [M+2H* & F\W 7 f B % Fig. 3-5 12, 1 ffiA 4> D m/z 540.2
[M+H]" % HW 2 i & & Fig. 3-6 1277,

A A ACSME RS D Z LI KD | Bl AT Fig. 2-2 108 Lo Efi & bl L, 1
filiA A2 DAL 2lid A2 OGAE b ERERM E LT, 7V I ——A A0 2 flfiA

> D m/z270.7 [MH2HP DOBE . BB 0.5 - 30 ng/mL, 25 - 150 ng/mL, 250 - 1500 ng/mL
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WP ORISR W T HIRERE (R?) 0.999 UL | & BifFeEfEE2 R Lz, — T
U A= —A F M 1L liA 4> D m/z 5403 [M+H] DA 0.5 - 30 ng/mL, 25 - 150 ng/mL,

250 - 1500 ng/mL O¥EEHPH TELH R2=0.983, 0.991, 0.996 X720 1 ffif A 12
flif A2 L HART, MEROBEMENS D ZENShoTo, THux, 52 BOEFIMRGT
Tol-fR L RABOEAN R ONT, ULOFERENOANEICB T LT FI~A D
LC-MSMS HIiESM T, 7T 7 A2 —EEZTOV, 2 P a VT RLF—% 5 eV IR
EL, 7V =Y —AF % 2MfiA 4> D m/z2707 [MH2H], 70 X7 A G B TEA

F AT miz 1621, EMEA AT miz217.1 ERE LT,

332 [EHEI—NY v VORE

EFR A — b U P& Wi T O MR D BRE A2 . AR D b Of i Z
THF L7z, HLB EMS — R U > ¥ (R D ICHER sy bR E) & Wil R A A o A
FA— RV > (RN DT 7T~ A > &I OFflAEDEE LT, 3263 D@D,
OasisHLB-MC1, SupelHLB-MC1, SupelHLB-OasisHLB-MC1, SupelHLB-OasisHLB-MCX
4 P CHRT 21T o 70, Bat Lo FEI3mIER L8RS OV TRl L, SR E T A
RZ A (1, 202 HeD e, #iH % Table 3-2 1R,

FEHE, MRLAHSIZ72 D X 9ICT 7T~ A 2 U 2RI L4 AR B8 X ORI O
7T R B Y - TCA HIE L. 2 ofhiika W TE Lz, 777~ A2 (05
ppm / 0.5 mg/kg) ZUIML7Z4HFFAND OEILEIT, OasisHLB-MC1, SupelHLB-MCI ,
SupelHLB-OasisHLB-MC1 35 & U} SupelHLB-OasisHLB-MCX T %271 86.1%. 81.3%. 85.9%
BLOB25%ERD . 2TOERMET 70-120%DENREZ R L, HA K74 OEEITH S
THZ ENHERINTZ, Fo, FHRAOFTH -TCA MR LT 7o~ A v
FEYEAIR DA R IE, OasisHLB-MC1., SupelHLB-MC1. SupelHLB-OasisHLB-MC1 35 X ¢
SupelHLB-OasisHLB-MCX TZIZ41 87.4 %, 91.3%. 100.4% LT 104.2% T, I
DOREFEH— U v POMBEDEIZBNTEH, 70-120%DEIEE R L, TA RTA 0
HUECHAT 5 Z LGRS, T~ b v 7 AP ORMERS N H5RETE -,
Flo, TIUIREITIE, T T A LA ORI E— 7 SR S oy,
R (0.011-0.065, FHIEAE =0.1) 726, WE~DEET/NISNEEZOND, KETA4
H OB — N U v P OMAEG DO THRYER Sy OBREFTEEZRE LR, WTnof
HEDEIZBNTE, HA FIA ATEET DEUESRIRME Th > 7223, &b RAF7R0%E
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P (0.011) 35 54 7- SupelHLB-OasisHLB-MCX % i i 1 0> S e 45 2 B 2= % [EAH
I—hRY v,

3.3.3  JIERRE O FRRDTIE D R AT

AL BN, RO MRL (ZFY 3 2RE (CFOfA & AEMIE 0.5 ppm,
LDl Sppm) IZRDEINCT T IT~A VBRI U, BEEZRIM LR E 7T
7 3Bk TV Y KGR F Tl U -TCA HIIC RV T T I~ A v AR L
7z it % SupelHLB-OasisHLB-MCX (ZiZi 7 /L7 U K53t -SPE 36 K U~
B -TCA HliHH-SPE) Z AW THRHMER 2 BRE L, BIRME, R, BIROSE=4 U
2" (Selected Reaction Monitoring, SRM) 7 1< k27T LD — 7 IR &2 il L=, HERE
BIE, A RTA (L, 2D)ITESEFHME Lz, 26 OMEHE % Table 3-3 (2R L7z,

BRPEOFEEEIL, 7T VRO T ST~ A VB EITV, T T AT D
RFFFRTICB SN D iE Y — 27 OEEEEZ. ~ ) v 7 A2 G0 R Y OFE
RO HEREE TR L TITV, 1000 1Kl (<10%) Th D I & Z2IFEE— 7 OFFEH
P& L7z, ~F 2 -TCA HhH-SPE OIRIEIL, 4O, FiA. B TEh 24 0.0038,
0.0055, 0.0014 TH -7z, 7 /vH UMK fE-SPE TiX, FORTR. #A. BRI L
TERED, ZHZE4 0014, 0.040, 0.0026 & 7257, ~FH > -TCA fiith-SPE 35 L O
IV 71 U ARG R HE-SPE (246 1 2 B8R X . WD ERRICEB W TS A KT A4 U DOFF
AHEPIES Lz, BUERGBRIZOW T, ~F ¥ -TCA fliti-SPE Ti&, 0T,
W, B CTEILEIL 77.3%. 92.5%. 92.6% TdH V. T /v U MUKSfEffH-SPE TiX, oD
I, P, BRRG T2 EA 75.5%. 90.1%. 86.6% T o7z, WTHOFHRIEIZB N TS,
[EULERIL 70 - 120% TH D A R 74 > O PEMICHEAT 5 2 & D RS,

~FH U -TCA HiH-SPE 721377 /v 1 U K 53 i HH-SPE HiliH#RIC MRL AH S 81272 %
EOETTI~vA T ETINL, = MYy 7 ADRE L FHE LTz, ~F Y -TCA filith-SPE
T, AN, FHE. IEN CRIGER ZZI 83.5%, 94.5%. 97.6%. 7 /L71 U INAKSy
b H-SPE Tl AFORTlE. A, JEN THEINERERZ T 86.2%. 92.0%. 99.9%& . ik
BHZ X DAy DR A DT DNIZIT TN, A K74 VO BREETH D 70-120% D
PSR T2 Z LM STz, D OREND, BJE LRI k1T, Mo e
FRIEIZ LD LC-MSMS HIEICHEISFIRETH D LB 2 Hivd,

T v UG ERRI-SPE (2 & % SRM O ' —Z ik & ~F 2 -TCA HitH-SPE 12 &
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% SRM D B — 7 Jik & £ £ Fig. 3-6 A & Fig. 3-6B (27”7,

T T T A AIRFERER 11.29-11.34 2 — 7 DRSS, T T~ A VRN
B TR ENTZT 7T ~A 2D E— 27 1 3~F % - TCA #iH-SPE 5 L O /L U K5y
iR H-SPE D7 T, RAFRE—27RRPGEOND Z LR STz, ~F L -TCA i
tH-SPE & 77 /L70 U ARG fiffliE-SPE Tldk, @IRM:, BIE, ~ U v 7 Z0EHE, v—
7 IEIRIZBE U TR ZBITRER SR Do 1o, L L, 7T 7 3Bk OIS D527
WL TIE, 777~ A 2 ORFIRREDICE Y — 27 St Sz, Frz, 7l
DK 53 Al -SPE (X, ~F 4 2 -TCA #liHi-SPE L W #iFH ' — 7 BRE VMM AR L7z, Z
AL, TAH VK FROEBFE T, ~FH 2 -TCA i TIZA C2v, 43R o ATEEMEAD
bHEEZLND, ZOPEE—7OREIIE, MRLIZBIT S E—ZHEED 10 550 1 £
iifi (10%A0i) T D72, MRL OHIE TIXFEE LRV, L LARBTICEE T 2777
~A D MRLIZHEAT 20O BRZAT 9586, MRL 7217 T7 < MRL L D RVRET
RELISERTELZLNEE LY, TOHAE, MIELEYFEE—22% MRL XV RRE
] KMEELTRET 256, WEBELZT LRV ERD D,

55 4 T OIS L 72 aUBR A 2 LC-MS/MS O E EHIEIZIE ST 5 71T, EEECR AL
(RSD) %KD, ZOHIBMEZFANT 2, /o, ~ MU v 7 AOEER SN 23 L .
T FRAUE (limit of quantification, LOQ) %K%, ZiH OFEFHRIEIL, LC-MS/MS @
EEREIZBNWT, 77 I3 A RO EZFST X ) 7 2y RRHUVEDE DR
B AIEIC GBI TE D TR & 5,

m

3.4 B

ARETIE, £F. 77T~ A o 2EENET 5720 LC-MS/MS HIE M0 ficidift 217
ST, DI, Mk Z WV TR SR IEIZ L D LC-MS/MS HIlTE (2 C & 2
FikiaMat Uiz, LC-MS/MS O F A& ficilifb 3 572012, 5 2 O/ L2 &l
WHT T T AE—EERLaY Va R A= LT L, T h—P—AF T a s
7 MM AL DAY MVIRHRIZ T, 77 I~ A DA FALTIER, 7 U0
— Y AN L lliA A D mz 540.2 [MHH] & 2 fiA A2 m/z270.7 [M+H2HP A S
DI, SR OBGELEAT O TS L0 L liA A, 2 A A2 & b IChOE LRI N E R
NWES N, 0.5-30ng/mL, 25-150 ng/mL, 250 - 1500 ng/mL & 3 DD EHIPH TR

BROEMMEZ R LTz & 2 A 24fiA A2 DF B UliA A2 L0 BAFRERMEDNTG Dz,
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F2EOREDS LMMiA A DS, —EHORE THRER LI vy PSRV ARR L
D728, HHAOHBNIIEL RV, A A MAEDBRAT S DA F AV EF R ERAET T
Wb EEZOLND,

wIZ, BENST 7T~ A v ORBFIEICON TR & To T2, 777~ A v Ol
HAEORENE, R CRofi, BBV, i) ([cZ2h 2o MRL F ORISR S
LT T I~ AV REEERE RN LT b D2 W T T 70, EERNAEEZ, 7v
71 UMK Rl &~ > -TCA Bl o "R ORhH 71k CHBdaa 217> 72, E 72,
R ORMER PR E A B & LT REEOBUKME-BLIIMME N Z o 28¢5 HLB HA[H
FoA— KU > ¥ (SupelHLB, OasisHLB) # M\ 7o, & 51T, KHERk S 2 bR L7 fhH#E D>
5T 7 T~A A A BER S — B Y v Y (MCX, MC1) (2RI L7z, &EMD
b OHMHKRITZ < OIEMIERLCMIEEF N SRy & L TEEND Z &6 HLB MU[EH 7 —
NPz | fHOBRANIZGE L, 2 EOERT — b U P2 Lo KMy DFRETT
Lamat Lic, EFED— Y v I 280X, SupelHLB-MC1, OasisHLB-MC1 @ —
HEE R & . SupelHLB-OasisHLB-MC1, SupelHLB-OasisHLB-MCX ¢ =G [EFH TRt &
fTotee TH VMK RIEH, ~F - TCA fitHZITV, 2T oMKz 4 >0
EFOMAGDOEICE VB L L2 A, WIROEMRIHEFECENTH, B, [\
WREHITHA T4 » OFHIIEREHEE L, BAFRRIRDBE O, BT ~F 5
-TCA filitHi- SupelHLB-OasisHLB-MCX D#iAA WA i & EIRMEDMENL TR R ThH > 72,
ZHUE, TS DK RIS X0 . BT e RS ERL L. O R Sy O
DPEEFIL RS ENEREEZ DD,

RETHNL LTz, SEWTORET 77~ A > ORI IEL, 4 F TSN T
T T, MR ERNEIC K D LC-MS/MS HIEICHEIS ATRE & L2721 T <L Al
DT TIvA TV VEREBIZBANTHD WO THEIESNTZ, LInLT T~ A v DiEE
it 2B - H 2 720120, BJE L7254 MRL 721 T722 < MRL KR Tk
EISERTEDLZENEE LV, F4ETIE, HHMkICB T 52120 MRL & MRL
D 1/10 O (1/10 MRL) T, BHFE L 7=ikBR G 1A D 2 M MRl 217 - 7=,
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5| I STHR
1) Notification No. 1115001 (Nov. 15, 2007), Ministry of Health, Labour and Welfare of Japan.
2) Nemoto, S.: Advancement of Official Analytical Method for Residual Pesticides in Foods.

Shokuhin Eiseigaku Zasshi (Food Hygiene and Safety Science.), 51, 349-359 (2010).
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= =

3 B TIX, LS-MSMS 2 W27 7T ~ A v IED T2 OB E & LT 5 =
LRz, OB (W, T, 1BV o7 7T <A v offiticix, ~F%4
V-TCA i E 72137 v V) MK bt 2 ks L7z, SR S SR D 2 BB 5 7
DIZ, 2O HLBSPE 71— F U v P Z2HifE L TR L, 777~ A ¥ ORI IEEA
o MR SPE 1 — R U w U Wz, AT HEEHE L LC-MS/MS TRIEZ1TV, 554
ToRERE R Z A BT A ATHESEFHE L7z, ~F % -TCA Hlithi-SPE ¥£. 7 /L0 U Ak
SyfERE-SPE 5 & b I BRIV AR S ICM Y 972 B — 7 D 10% K0 TH Y . A
RZ A OFMBEEICES Lz, 72, BIERS 70-120%0FPH THA BT A > Ok
Heafiilz Lic, b2, FEtoTr 7o ~A v D~FH% - TCA-SPE BLOT V7Y
IR AR -SPE IC XD EEN & BITARTH D LMD TEFES N, AT LY |
ST S AUTCRRBHRENED . B OfN . PRI, B A e i BEREA IS K D LC-MS/MS HIE I
HATEDZEMFEREsNTz, Ik, REOMFHERIT Jpn J Food Chem Safety 29 124-133
(2022) 2Bk =7z,
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Table 3-1 LC-MS/MS

conditions

LC parameters
Equipment
Column
Flow rate
Injection volme
Column tenperature
Mobile phase
Gradient

MS conditions
Equipment
Analysis mode
Ionization
Chapillary voltage
Drying gas
Sheath gas
Nebulizer gas
Fragmentor
Collision gas

Transitions

1260 Infinity LC (Agilent Technologies)

CAPCELL PAK ST (2.0 x 100 mm, 5 pm: OSAKA soda)

0.3 mL/min

5 uL

40°C

A: 0.4%(v/v) formic acid in water, B: 0.4%(v/v) formic acid in acetnitrile
Time (min) A (%) B (%)

0 10 90
5 10 90
8.5 70 30
17 70 30
18 10 90
27 10 90

6470 Triple Quad LC/MS (Agilent Technologies)
Selective reaction monitoring (SRM)

ESI positive

3500 V

N,, 200°C, 13 L/min

N,, 400°C, 12 L/min

N,, 50 psi

70V

N,

Compound

Apramycin

Molecular weight Precursor ion (m/z) Product ion (m/z) Collision energy (eV’
270.7 162.19 5

239.58 270.7 217.1" 5

® Used for quantitation, *

Used for confirmation
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Table 3-2 Evaluation of solid phase cartridges

LC-MS/MS Results Peak area )
) . . . ) Recoverf P
Sample Solid phase extraction (SPE) Retention time ratio Selectivil
. Peak area o (%)
(min) (%)
Oasis HLB-MC1 11.249 43117 02.2 86.1 -
Standard in bovine muscle Supel HLB-MC1 11.242 39646 84.7 81.3 -
(0.5ppm apramycin)  Supel HLB-Oasis HLB-MC1 11.249 41252 88.2 85.9 -
Supel HLB-Oasis HLB-MCX 11.249 39142 83.7 82.5 -
Oasis HLB-MC1 11.256 2828 6.0 - 0.065
. . Supel HLB-MC1 11.249 1615 35 - 0.036
Matrix (bovine muscle) !
Supel HLB-Oasis HLB-MC1 11.256 1047 2.2 - 0.022
Supel HLB-Oasis HLB-MCX 11.263 526 1.1 - 0.011
Oasis HLB-MC1 11.242 43701 93.4 87.4 -
Standard in matrix Supel HLB-MC1 11.242 44307 94.7 91.3 -
(0.5ppm apramycin)  Supel HLB-Oasis HLB-MC1 11.242 48003 102.6 100.4 -
Supel HLB-Oasis HLB-MCX 11.249 49201 105.4 104.2 -
Standard (0.5ppm apramycin)? 11.242 46780 100 100 -
1) Standard in solvent
2) Peak area ratio (%0) = Sample peak area/Standard peak area
3) Recovery (%) = (Peak area of sample fortified with standard - Peak area of matrix)/Peak area of standard
4) Selectivity = (Peak area of "Matrix (bovine muscle)"/Peak area of "Standard in matrix"
Table 3-3 Recovery and selectivity for apramycin spiked in livestock products
Sample RLtC 71:18;MS el Peakarea ratio? Recovery™ Selectivity*
P NEEMNON  peak area (%) (%) ’
time (tnin)
Bovine liver (5ppm apramycin) 11.317 229704 776 773
Hexane-TCA-SPE Bovine muscle (0.5ppm apramycin) 11.297 18281 93.1 925
L Bovine fat (0.5ppm apramycin) 11.297 18228 9238 926
Standard in tissue — — — —— —
) . Bovine liver (5ppm apramycin) 11.317 226982 76.7 75.5
Alkalmeslggmlws’:amne muscle (0.5ppm apramycin)  11.290 18458 940 90.1
Bovine fat (0.5ppm apramycin) 11.290 17074 86.9 86.6 -
Bovine liver 11.338 944 0.32 - 0.0038
Hexane-TCA-SPE Bovine muscle 11.297 103 0.52 - 0.0055
Bovine fat 11.324 26 0.13 - 0.0014
Matrix (Blank) e
kaine hvdrolvsi Bovine liver 11.331 3500 12 - 0.014
A e Bovine muscle 11297 750 38 - 0.040
Bovine fat 11.324 51 025 - 0.0026
Bovine liver (5ppm apramycin) 11317 247915 83.8 83.5
Hexane-TCA-SPE Bovine muscle (0.5ppm apramycin) 11.290 18677 95.1 94.5
Standard in matrix ch:ne fla‘[ (0.5ppm apramyci‘n) 11.290 19197 97.7 97.6
) . Bovine liver (5ppm apramycin) 11.310 258728 874 86.2
Alkalmeslggmms':amne muscle (0.5ppm apramycin)  11.290 18827 95.8 92.0
Bovine fat (0.5ppm apramycin) 11.290 19684 100.2 99.9
StandardD 0.5ppm apra.tn}.'cin 11.290 19646 100 100.0
Sppm apramycin 11.317 2095945 100 100.0

1) Standard in solvent

2) Peak area ratio (%) = Sample peak area/Standard peak area
3)Recovery (%) = (Peak area of sample fortified with standard - Peak area of matrix)/Peak area of standard

4) Selectivity = (Peak area of "Matrix (Blank)"/Peak area of "Standard in matrix"
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Sample 10.0 g

For fat

add 50 mL of 20% MeOH cont. 0.4 mol/L KOH and well mix
shake at 65°C for 30 minutes (180 min-1)

cool with ice immediately

add 15 mL of 10% (w/v) TCA and homogenize for 5 min

add 30 mL of hexane and well mix

centrifuge at 3,000 rpm for 10 min

For muscle and liver

Sample 10.0 g

muscle: add 50 mL of 20% MeOH cont. 0.4 mol/L KOH
liver : add 50 mL of 20% MeOH cont. 0.2 mol/L KOH
homogenize for 5 min

shake at 65°C for 30 minutes (180 min-1)

cool with ice immediately

add 10 mL of 10% (w/v) TCA and homogenize for 5 min

| centrifuge at 3,000 rpm for 10 min

Water phase  Residue I )
add 30 mL of 10% (w/v) TCA Supernatant ~ Residue
add 30 mL of hexane add 30 mL of 10% (w/v) TCA

homogenize for 5 min

homogenize for 5 min X )
centrifuge at 3,000 rpm for 10 min

centrifuge at 3,000 rpm for 10 min
Water phase
adjust to 100 mL with 10% (w/v) TCA

Water phase
adjust to 100 mL with 10% (w/v) TCA

Extract Extract

Fig. 3-1 Alkaline hydrolysis extraction

Left: Extraction for Fat, Right: Extraction for Muscle and Liver

For fat

Sample 10.0 g

add 40 mL of 10% (w/v) TCA and well mix
add 40 mL of hexane

homogenize for 5 min

centrifuge at 3,000 rpm for 10 min

For muscle and liver

Sample 10.0 g

add 50 mL of 10% (w/v) TCA and well mix
add 30 mL of hexane

homogenize for 5 min

centrifuge at 3,000 rpm for 10 min

1 1
Water phase  Residue Water phase  Residue
add 40 mL of 10% (w/v) TCA add 40 mL of 10% (w/v) TCA
add 25 mL of hexane add 25 mL of hexane

homogenize for 5 min
centrifuge at 3,000 rpm for 10 min
Water phase

adjust to 100 mL with 10% (w/v) TCA

homogenize for 5 min
centrifuge at 3,000 rpm for 10 min
Water phase

adjust to 100 mL with 10% (w/v) TCA

Extract Extract

Fig. 3-2 Trichloroacetic acid (TCA) extraction

Left: Extraction for Fat, Right: Extraction for Muscle and Liver
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Supel-select HLB-Oasis HLB Plus Short Cartridge-Oasis MCX Plus Short Cartridge

condition with 10 mL of methanol and 10 mL of water
load 10 mL of extracted solution

wash with 10 mL of 0.1 mol/L HCL

remove Supel-select HLB-Oasis HLB Plus Short Cartridge

Oasis MCX Plus Short Cartridge

wash with 10 mL of water

wash with 10 mL of methanol

wash with 10 mL of 2-propanol

wash with 10 mL of 70% (v/v) acetonitrile

elute with 10 mL of acetonitrile-10% ammonia solution (7:3)
collect fraction

Eluate

evaporate to dryness at below 40°C
dissolve in 5 mL of 30% (v/v) acetonitrile

LC-MS/MS analysis

Fig. 3-3 Purification procedure by solid phase extraction
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Mass Spectrum
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Fig. 3-4 Apramycin mass spectrum
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Fig. 3-5 A External calibration curves for LC-MS/MS analysis of apramycin
(SRM transition m/z 270.7 [M+2H]*" —m/z 162.1)

Concentration range of 0.5-3 ng/mL (a), 25-150 ng/mL (b), 250-1500 n/mL (c)
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Fig. 3-5 B External calibration curves for LC-MS/MS analysis of apramycin
(SRM transition m/z 540.2 [M+H]" —»m/z 217.1)

Concentration range of 0.5-3 ng/mL (a), 25-150 ng/mL (b), 250-1500 n/mL (c)
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Fig. 3-6 Selected reaction monitoring (SRM) chromatograms of the results presented in Table 3-3

At Trichloroacetic acid-SPE, B: Alkaline hydrolysis-SPE

Upper: Standard in tissue, Middle: Matrix (Blank), Bottom: Standard in matrix
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FBAE BEMTOBRET 77 ~A L UERFIEORY MM

4.1 &S

BENTIIRE T 27 77~ A L OERIEL U, Bacillus subtilis (ATCC 6633) %
MW A A= T T 7 4 =X DWEWFRERIENE RSN TN S(1), Ll €
DIFHETRE R OFH RO THHE T, RO RN 50 TRV EORIBER S
b%, TDIH, LC-MSMS & MW ekkx REREITIENRE S TVWDH2-11), LarL,
ZNOOHEL, A AT ra~ T 7 40— (2-8). ~ MU v 7 AR ERE
(9-11), PEBEEAEIL (6, 11)TH YV | Mo ERE 2 W 2R 22 E BRI ST
W2V, 72, LC-MS/MS & W= 5iE T, IR 2 f 5 & U7 alBai s vk T
EN TV, 453 %35 LT Jpn J Food Chem Safety 29 124-133 (2022) (12l L7- & 9
(2. BEMTICERR T 27 77~ A L ORE L, (ERERIEIC X 5 LC-MS/MS #IET
% 1= O ORE RBFRIE 2 S LTz, 2 OFER, KT OFMER S OREL T 75
< UDEN (7Y =Ty D) BNERIICAT O Tools, 2 O HLB SEEAG A — RV
v ¥ L WFERGA A AMILEA R — Y v VR 3EFE LB — Y v R W,
ZDOIEFDIRIBR S TH DT T~ A B E & ISt T 25 70 U K5 fig
FtER LOT7 77~ v 25 & i T4 5 ~ %3 > ~TCA fhiHHiiED 2 SO 2 A4 7
ORI IE T SN BRO W TS B EIS TEX D Z LB FUTH L. MRL DT 77
~A T TIN U T RRER R T VI UK R E T2 i3~ -TCA filiti L7z b
A — Y > 2% W CRlE BB Z T8 L LC-MS/MS 3T 24T o 72 & 2 A BIRMER 6
N EIR & ST RAFRFERP GO N, OB EL T 5 & TCA #ith o 573
&0 SRSy DFCEEEDMERN T & 3RS STz,

ARETIT, LCMSMS IZ& D, FRREHT DT 7T~ A 2 DI /3HTEIZ OV T, MRL
(Ei s L OMENG 0.5 ppm, ifli: 5 ppm) 35 X TYMRL 0 1/10 (2 4H 249~ 5 % (1/10 MRL,
L OFFAE L OWER : 0.05ppm. 4Dl : 0.5ppm) D 2 SOIEEDFE o925 Z LT

K VREEDANY F =g o (ZEMFHN) 21T7-7,
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4.2 Hik
4.2.1 XK

TTT=A T ORERE (99.5%) PRI L LT, Kk n-~FH . LCMS A Z
—/L, HPLC 1 2-7"m/ 37—/, 100% (v/V)TCA (ZEALFH) . 10%7 > E=TRRITE +
T AV AFEMEE (KBR) M OMEA LT, HPLC 7 & b=~ UL, FEIFEFILFEND
BEA U7z, BMUKIE MilliQ & Ve, WiARIREGA 4 ZHREMA T — Y v P TH D,
Oasis MCX Plus Short Cartridge (MCX) (225 mg) (%, Waters ! (Milford, MA, USA) %M
AL7, HLB EfHA—RY v TH%, Supel-select HLB (SupelHLB) (200 mg/6 mL) &
Oasis HLB Plus Short Cartridge (OasisHLB) (225 mg) | #1141 Sigma-Aldrich (St. Louis, MO,
USAG) & Waters A A L7,

4.2.2 el
EOBAL g, BN =EIRETICH D FARGEE CTHA Lz, SIS 2 Z2om
DA LT,

4.2.3 KERBIUVEE
8 5 W AR E ¥ A ¥ — L Polytron PT3100D % . ¥ % 7 hi% PT-DA 20/2EC-B193
(Kinematica 1) Z M L7z, #0500 BEgs X2 AR HiE O AX-320 = — % —TS-37
(100mL 17 # 7% —f+&) (TOMY 1) ZMH L7z, @ ORERME S 30 O/ R L —
% — CVE-3100  CREEERHEZRH) . BIERZ M~ =38R —/L 8 (Waters £1) Z i L
7z LC-MS/MS (% Agilent Technologies D &#iRIA 7 m~ k277 7 1260 infinity LC KT

& BT 6470 Triple Quadrupole % ff ] L 7=,

4.2.4 LC-MS/MS HIFEF & OWIE BBt OFHRS E

LC-MS/MS HITE D 7= DY > 7 )VFRBlIE | Fig. 3-2 (2R L7z ~F 5 2 -TCA 5 TlkEHn b
77T~ A E I U Fig 3-3 IR LIZEFE T — F U » DI K DK OR R A2 T o 72,
FTHE, 10mgmL DT 7T~ A 2% 323 ERBRICRE LIRE L7, i~k
AN FAEE S 1% 3 FEEE O (200, 20 B XN 2 pg/mL) % 10 mg/mL FEHERK % K CAR
HZ LI VAR LT, BRI 50% (Vi) A Z J —L T 100, 10 BEDY 1 pg/mL A %
L LT, 77T~ A ¥ U AERERINEUEH RN R ER & =380k} 10 g loxt LEhZ41 0.5
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mL ML, (5 ppm (213 100 pg/mL #&#& %, 0.5 ppm (213 10 pg/mL #&#& %, 0.05 ppm (2%
1 ug/mL AEHR) L <IRA L. 25°C T30 /oifE S w7,

T 7T~ A D LC-MS/MS HIFE X Table 3-1 IR THRMTITo72, BT D &, B
X7 YLy MEO LC-MS/MS ZEi#E (LC: 1260 Infinity, MS/MS: 6470 Triple Quadrupole MS)
AT HFEEHIA— N 77— (1260 Multisampler, Agilent Technologies) % FHV T, —[A]
DTS ~A 271l hUEEAN LT, B0 /3BEL CAPCELL PAK ST column (100 x 2.0
mm i.d., particle size 5 mm; OSAKA SODA, Osaka, Japan) % fH\ /=, 777 ~A 2 OHIE
\ZHW7Z SRM 2127 (¥ 3 > % Table 4-1 (TR LTz, MS 7 — % OfEHTIZIX, MassHunter

Ver.B.09.00 (Agilent Technologies) #5 & TY Excel 2021 (Microsoft)Z iV 7=,

4.2.5 777w U EEBADOERER

TT TV ERICHO DIERERR & LT 2.5 - 15 ng/mL, 25 - 150 ng/mL 35 X O~ 250 -
1500 ng/mL O B fiH CTHIEE U A E#R A VERL L 72, 25 - 150 ng/mL 36 & T8 250 - 1500 ng/mL
DOIEHETRIEFRLT, 3.2.3 [TV IT-72,2.5-15ngmL 1%, 777 <A > HEYERHE 2 pg/mL

DR 50% A X —/LTHR L, 1 pg/mL OFEH SEEAR L Lz,

4.3. #ER
4.3.1 BREMR

KWFETIE, T I~ DREE LT, 5, 0.5, 0.05 ppm [ZFE LERHIE LD
BEtZAT o7z, FTIE. TNENOREZNET 5 72O OPRFLHIFAIC IS 1T 2 B B O B
P& HesR L7z, Fig.4-112, 250 - 1500 ng/mL O#iPH, 25 - 150 ng/mL DO#iPH, 2.5 - 15 ng/mL
OFMHEICHIT 5 HmEREZ T, 250 - 1500 ng/mL O & PH o B &I, B JF R
y=539.50x-7460.65, PEFMREL (R?) 0.999, 25 - 150 ng/mL OFFHOK &ML, BlRK
y=758.89x-4992.78 . {FELREL (R?) 0.999, 2.5 - 15 ng/mL O#iFHO K EMRIL, FIF
y=226.33x-257.59 . RELRE (R?) 0999 THolz, WITNOMEMRLIRERE (R 2

0.999 TERAFREMRMETH D Z L PR TE -,

4.3.2 XM
R AR OFAMN TIX, Miat Lo 2 CORERBICB W TEBENE N0, Y M
ffitx. MRL (F5P9 & I8 : 0.5 ppm. I : 5 ppm) 3 KO8 1/10 MRL (5579 & Jig NS < 0.05 ppm,
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JITlEE 0.5 ppm) DIREIZ/RD K OIT 7T~ BN O, J5. Tz v
THEM L7, WERBRIIEEFBEDED DA RTA Y (A4 KTA42) (13,1455
(2. PR, EEE KR, EERSR. v MU v 7 R REFI L7z, Table 4-2 [ZiBIRME,
Table 4-3 [ZEE, KR L OEERAOFAN, Table 4-4 12~ NV v 7 ADFEE Fig. 4-1
IR AR, Fig. 4-2 ICRMENGRBRIC BT 2 RERR 7 v~ 877 A (MRL; Fig. 4-2 A,
1/10 MRL; Fig. 4-2 B) %7k L7z, F7-. Fig4-2 C |ZI Fig. 4-2 B 2517 % Matrix (Blank)
IR LIy DER LT,

(1) B’RM:

BRI, 77 REITOT 7T v A v ORRRERMEICRE S A EY— 2 O
HAEEZ ., ~ MY v 7 254 OEMERK (MRL, 1/10 MRL) O & Ch L CREAM L,
MRL {25t LC 1/10 A (10% A1) . 1/10 MRL (2% LC 1/3 Kiifi (30%A) % Gk FEHE
& L7e, #EF% Table 4-2 1277,

MRL (Z%f L, FOfA, JERG. IFEC 24241 0.007, 0001, 0.005 &£72V . 1/10 MRL
XL, FOfR, BN, I CZ 241 0.034, 0.031, 0.010 & 7eo7z, BRMIZT T
D FHHFET MRL X O 1/I0MRL T 0.1 K & 720 . HA I A COEMETHEET D2 L2
yinoic, Fig. 42 (R LTz, 7773 kD SRM 7 v~ 77 4 (Fig. 42 A, B B &
O\Fig4-2C) #Hh5b &, Bl EEbn o —7 NHH LTZ, =27 Ok 5L, #HK

DEMNIRE LT b D LR IND, A& TR T e — 7 mfEE2s 100 Z 27208, £
RO —27IZBT D ERA A (n/z270.7 — m/z162.1) L HERA A2 (/22707 — m/z
217.1) OE—Z gk (n/z 270.7 — m/z 1621 / m/z 2707 — m/z217.1) 73, 77 F~A
DU DREMEROYE . K 1.6 IR LT, BRCITIBRO 77 o 7 B b BT o8 —2 D
BE. 13 7olc, LoT, 777 BMPOHBLLIEE—21F, 77T~ v LidR
LB TCThLHEEZ NS, Fio, BIREOREN B 25EY . MRL, 1/10 MRL 2
BULE—7HEEHKT DL, EEE~DHBEININEDTHDLLEEZEZLNDLN, R
AR D3R A ERYEE (0.01 ppm) (ST DL, ~ b U v 7 AFITIEIET D I
ROBE, hTL70~ NTOTTT<L 2 EDNRE, RBRTEOUBRNPLETH D
EEZOND, BELLT, KT T IHBO h—2 VA F 7 u~ NTT L% Fig. 4-3
(R
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(2) BEE

FLPE ORI ARk 2 22 h 5 ERAIE U7 o ) 2 L U7z, fE 5% Table 4-3
\ZRT,

O B KON T, £ E A E D MRL T 92.7%. 85.1%. 84.3%. 1/10 MRL

T 97.8%., 93.6%. 792% L7200, HA KT7A4OHEE (70-120%) (Z@EA LT,

(3) KE

F&BE D5 R AT Ak 2 € v 4L 5 BHAE L 7GR OFHE R ZE (RSD) 722 B3Red 7z,
FE % Table 4-3 2”7,

o, I8N, AR L. £ EhEE (RSD) 25 MRL T, 3.3%, 2.1%. 5.9%.
1/10 MRL T, 5.7%. 2.8%. 3.0% &720 . HA F7A4 L OBEME (15%A0) (S@EG L
77

(4) EERAE

ERERSME (LOQ) 1% SN L CHIE L7z, 1/10 MRL OIRIEEZHIEL, fFohizy
—Z7 @O SN HIFFOFA, f5l. IFETZi€h, 676.3, 3161.7, 71903 TH Y SN =
10 #3127z L7z, . S/N tkld MassHunter Ver. B.09.00 (Agilent Technologies) % F»
T, HA KT A2 LR UGHREIETH % “peak to peak”lC L 0 BHI L7=,

(5) v~ Y w7 ROEE

v MU w7 AOFENT, PR AR LIRS T 7T~ A ORI LT
LOL, WENZIRM L7200 — 7 mifE % g L, 74l L7z, 5 H% Table 4-4 (27”7,

T, A, IEMG. P23, £ 4 MRL T 0.88, 0.97, 0.79, 1/10 MRL T 0.91,
0.94, 0.88 £720 W DGR & b EIRA 70-120% DEPHN TRAFRFER TH o 72,

(6) FHfl

WRPE, B RS L OVS/N HRORERN S| BRI LB IR, oA &G T
0.05 ppm, 4Dl T 0.5 ppm % LOQ & L CHILFIRETH D Z Lo lz, L L7eH
5. ORI Z W /NS W MRL (RO, 5. ITIET 0.06 ppm) OFEEHIET 556
2, —HIEAEE (0.01 ppm) ISHEIGET HIZOICIE, ~ R v 7 ZAHIIEAET D IR D
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brE, W70~ v TOT I~ EDRBERY, SLRDLRNPVETHLZ LD
AN E 2o T2,

4.4. BE

MR EARIEIZ X D LC-MS/MS W27 7T~ A > > OE&RIE T EIZ OV T, MRL
BEO /10 MRL IS T2 RIZARD R IICT 7T~ A ¥ UREMER AW L7400k ()
B IENG - ITIR) Z2ohrd 2 2 LI k0 M PEARHIE L7z, ZORER, FE (MRL: 84.3 -
92.7%. 1/10 MRL: 79.2 - 97.8%). #&% (MRL:2.1-59%. 1/10 MRL: 2.8-5.7%) & HI2H
A RIA4 O BEEAZwT Uiz, Fio, KO 7 o 73k a AW CRIEZJIIE Lz
5L, MRL (0.001 - 0.007), 1/10 MRL (0.010 - 0.034) & HITHA KT A v OIEUEZ -
L7z, &HIZ, I/IOMRL IZH1F % SN ti3>10 TH-o 7=,

INSDRERNG PR LTZT T T~ A ¥ DR ERREIC L D LC-MS/MS % -
ERMEEIL, FHARICEIS TE 5 B2 b5, A%IE KOl (MRL: 0.06 ppm) 72
Sl b T D7, A (0.01ppm) ([CHEA ATEEZR FIEORF, 71/ 72
¥ RRIAEME DA 7 Y — = TENSHT 272012, BA%E LB 1L Moo 7
7Y ay FRUVEME COEA RN LT 5 L2 TEL TS,

54



1)

2)

3)

4)

5)

6)

7)

8)

51 F 3CHR
Materials of the Subcommittee on Pesticides and Veterinary Drugs of the Food
Sanitation Subcommittee of the Pharmaceutical Affairs and Food Sanitation
Council ,2015 20th
January(http/www.mhlw.go.jp/file/06-Seisakujouhou-11130500-Shokuhinanzenbu/
0000074613.pdf).
Savoy, M., Woo, P. M., Ulrich, P., Tarres, A., Mottier, P., Desmarchelier, A.:
Determination of 14 aminoglycosides by LC-MS/MS using molecularly imprinted
polymer solid phase extraction for clean-up. Food Additives & Contaminants, 35,
675-686, (2018).
United States Department of Agriculture, Food Safety and Inspection Service,
Screening for Aminoglycosides by LC-MS-MS. CLG-AMG4. 02/ 2015
Namba, J., Urayama, T., Ikeda, K., Kaneko, H., Shigeta, N.: Study on a method for
simultaneous determination of aminoglycoside antibiotics in cow muscle and
kidney by LC-MS/MS. Okayamaken Kankyohokensenta Nenpo (Annual Report of
Okayama Prefectural Institute for Environmental Science and Public Health.), 44,
71-77 (2020).
Utagawa, N., Gawasawa, Y., Tanji, T.: Analysis of aminoglycoside antibiotics in
meat by Liquid Chromatography/Mass Spectrometry. Niigataken
Hokenkagakukenkyusho Nenpo (Annual Report of Niigata Prefectural Institute of
Public Health and Environmental Sciences.), 23, 70-74 (2008).
Dijkstra, J. A.: Quantification of amikacin and kanamycin in serum using a simple
and validated LC-MS/MS method. University of Gronigen, 38-48, (2017).
PLozza, T., Trenerry, V. C., Zeglinski, P., Nguyen, H., Johnstone, P.: The
confirmation and quantification of selected aminoglycoside residue in animal tissue
and bovine milk by liquid chromatography tandem mass spectrometry.
International Food Research Journal, 3, 1077-1084 (2011).
Guidi, L. R., Santos, F. A, Ribeiro, A. C. S.R., Fernandes, C., Silva, L. H.M., Gloria,
M. B. A.: A simple, fast and sensitive screening LC-ESI-MS/MS method for

antibiotics in fish. Talanta, 163, 85-93 (2017).

55



9) Kajita, H., Akutsu, C., Hatakeyama, E., Komukai, T.: Simultaneous determination
of aminoglycoside antibiotics in milk by liquid chromatography with tandem mass
spectrometry. Shokuhin Eiseigaku Zasshi (Food Hygiene and Safety Science.), 49,
189-195 (2008).

10) Hamamoto, K., Mizuno, Y., Koike, R.: Sensitive method for the determination of
Kanamycin residue in livestock products and marine products by liquid
chromatography with tandem mass spectrometry. Kachiku Eiseigaku Zasshi (The
Japanese journal of animal hygiene.), 39, 9-14 (2013).

11) Omiya, S., Kumazawa, T., Lee, X., Shoji, Y., Sato, J., Sawaguchi, T., Yoshimura, A.,
Sato K.: Hydrophilic Interaction Chromatography Combined with Tandem-Mass
Spectrometry for Quantitative determination of Six Aminoglycoside Antimicrobials
in Human Plasma. Showagakukai Zasshi (Journal of The Showa University
Society), 76, 285-298 (2016).

12) Ogasawara, H., Seko, M., Akiyama, H., Yano, T: A sample preparation method from
livestock products for quantitative apramycin measurement by LC-MS/MS

13) Notification No. 1115001 (Nov. 15, 2007), Ministry of Health, Labour
and Welfare of Japan.

14) Nemoto, S.: Advancement of Official Analytical Method for Residual Pesticides in
Foods. hokuhin Eiseigaku Zasshi (Food Hygiene and Safety Science.), 51, 349-359

(2010).

56



= =

%5 3 2>, Jpn J Food Chem Safety 29 124-133 (2022)I2#f%5 L= & 512, SEMICE-E T
DT TT~A vk, MR ERREE V2 LC-MS/MS CHIE T % 72 0 OFUEHR R % T
S LTo, ARETIE, FOFN - T - B2 x5 L LTLC-MSMS 2 W ieT 77~ A v
v DEBRELEDBR DT O MM 21T o 7, FOMBEE b ORIz ~% 5
FFAEFTO R Y 7 o afiRiht (hexane-TCA) £ TITo 72, fiH# OFENT 2 FHO HLB
BFEA—RY v MCX BT — MY v U2 HWTHRE L, Son-sdlBelkfho7r
7T~ A 2 TR AR A AV T LC-MS/MS TER L7z, 4RI, Zef e

(MRL: 405 R 3 L OWERS : 0.5 ppm. ZFOfTNE : 5 ppm) 3L TMRL @ 1/10 (2447
5 (1/10 MRL: 4FO A% K OWERS : 0.05 ppm, 2FORFE : 0.5 ppm) OFEEIZ/RD K9
LT 7T = B I LA OR R BRI, TPl A TN L7z, 2 MR OFE SR,
EFEA (MRL: 84.3-92.7%, 1/10 MRL: 79.2-97.8%) . F&EEAY (MRL: 5.9-2.1%, 1/10 MRL: 5.7
-2.8%) L EBICRIRFERNPGE LN, EEREFUL. 1/10 MRL OFINEEID /55407
E—27 O SN THE LTz, o, B, BFig. £h<i, 6763, 3161.7, 71903 T
HY SN 210 Z oIl L TR Y, FOMHAE LN T, 0.05 ppm, FOFFET 0.5 ppm
DEERAZIRIETE 52 EBHA LN ERST,

57



DI

Apramycin1.70 - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs
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Fig.4-1 LC-MS/MS calibration curves of apramycin
A: range 250 - 1500 ng/mL (1.25 - 7.5 ppm), B: range 25 - 150 ng/mL (0.125 - 0.75 ppm)
C: range 2.5 — 15 ng/mL (0.0125 - 0.075 ppm)

58



Bovine muscle Bovine fat Bovine liver
x10°, Matrix (Blank) | x10° | Matrix (Blank) | 1% | Matrix (Blank)
6 61 0.8
0.6
4 RT 11.297 4 RT 11.263 04 RT 11338
2 ¥ 2 1 02 V
3 g oy o 1621) etsa 1050 pe— -
x10° | RT11.249 ., Standard in tissue x10% i RT 11.242 Standard in tissue X 1] RT 11.235 Standard in tissue
n (0.5 ppm) (0.5 ppm) (5 ppm)
o 6 6] A 0.8
o \ 0.6
> “] ] 04
= 7
2 # 2 02 L
) 5 — 0
£ x10° 4 RT11.208 Standard X103 RT11297 Standard ><101 RT11201 Standard
A (0.5ppm) 0\ (0.5ppm) 1 A (5 ppm)
o | \ N 0.8 [\
o / | o 06 / |
, | \\ 0.4 S
= [ 2 o
) \ 0.2 /o
o \7 ] ] 0 N |
10¢ 11.0 111 112 113 114 115 116 11.7 10¢ 11.0 111 11.2 113 114 1156 116 117 109 11.0 111 11.2 11.3 114 115 116 117
Time (min) Time (min) Time (min)
Bovine muscle Bovine fat Bovine liver
X102 e Matrix (Blank) X102 . Matrix (Blank) X103 Ve Matrix (Blank)
8 s 3
6 RT: 11.263, PA: 170 6 2]
RT:11.119, PA: 76 RT:11.283, PA: 138
4 ; 4+ * 1]
2 2 \
0 o 0 s 0
S— ) o 108
. X102 RT11.269 Stanodggd intissue x10° RT: 11.14 . Standard in tissue X 3 RT: 11.283 Standard in tissue
%) 8 PA 6307 (0.05 ppm) g | Paeses /,/\ (0.05 ppm) PA- 20894 (0.5 ppm)
o A
S 6 6 / \\ 2
> 4 / 4 A\ 1 [
= i / \ i /! \ /
2 2 / > 2 . S . / _—
] 04— 0 - 04 . —
IS - Standard T Ry Standard | x10% [ Standard
= x10? andar X RT:11.146 "% andar § andar
11, : 3] RT:11.283
8 R e (0.05ppm) s Pamsio [\ (0.05ppm) PA: 22518 (05 ppm)
67 6 / 24 /
4 4 1
2 . 2 —
0+ ————— 0 E—— i T T T e ——
10.€ 11.0 111 11.2 113 114 115 116 117 109 11.0 111 112 113 114 115 116 11.7 10€ 11.0 111 11.2 11.3 114 1156 116 117
Time (min) Time (min) Time (min)
x1085> - e Muslce
RT: 11.263
75 PA: 170
6.5
55
10 e e
o 8.5 RT: 11.119 Fat
o PA: 76
o 754
2 6.5
[} -
S 554 -
£ 0 GoRe mRT - T e L
8.5 RT: 11.283 ver
PA: 138
754
6.5
55 —

108 108 11.0 111 112 113 114 115 116 117 118

Time (min)

Fig.4-2 Typical SRM chromatograms of apramycin

A: The maximum residue limit (MRL), B: Equivalent to 1/10 of MRL, C: Enlarged view of

Matrix in Fig.4-2 B

Upper: Matrix (Blank), Middle: Standard in tissue, Bottom: Standard
PA: Peak area, RT: Retention time
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Fig.4-3 Total ion chromatogram of blank sample
Scan range: m/z 100 — 600

A: Liver, B: Muscle, C: Fat
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Table 4-1 LC-MS/MS selective reaction monitoring (SRM) conditions for apramycin

.. Fragmentor Collision
Molecular Molecular Transitions g
Compound . voltage energy
formula weight (m/z)
(V) (eV)
270.7 162.1"
—
Apramycin C, H, N,O 539.6 b) 70 5
270.7 — 217.1
a) Used for quantitation
b) Used for confirmatio
Table 4-2 Evaluation of selectivity
Additive Permissible Rgr;g; of Interfering Peak area® Evaluation
Bovine MRL™ | 1/10 MRL |concentrat . of
Tissue (ppm) (ppm) ion Evaluation Evaluation Blank sample Additive standard in matrix® | a o o | selectiviy
i ) concentration . =4
ppm (ppm) criteria n=1 =2 |Average (a)| n=1 =2 |Average (b)| (a)V(b)
Muscle 05 0.05 05 MRL 05 < 0.100 163 103 133 17731 | 18677 18204 0.007 o
Fat 05 0.05 05 MRL 05 < 0.100 5 26 16 19197 | 20460 19829 0.001 [
Liver 5 0.5 5 MRL 5 < 0.100 1648 944 1296 231886 (247915 | 239901 0.005 o
Muscle 05 0.05 005 | 110MRL 005 <0333 250 170 210 6416 6307 6362 0.034 o
Fat 05 0.05 005 | 110MRL 005 <0333 87 40 64 1952 2295 2124 0.031 o
Liver 5 0.5 05 1/10 MRL 05 <0.333 256 138 197 19875 | 19514 19695 0.010 [

1) MRL: Maximum residue limit.

2) The results were evaluated by injecting blank samples and standard solutions sequentially.

3) Standard solutions at equivalent to evaluation concentration prepared with blank sample (matrix-matched standard so

lution) were used.

4) If the peak area ratio met the evaluation criteria for the permissible range of interfering peak, "o" was indicated;

if not, "x" was indicated.

Table 4-3 Evaluation of trueness, accuracy (RSD) and limit of quantification (LOQ)

Bovine MRL [110MRL m:cd:n"t‘r":ﬁm Evaluat\von Recovery rate(%) Trueness | Precision SNET

Tissue (ppmy (ppmy (ppm of LOG™ n=1 n=2 n=3 n=4 n=5 (%) (RSD %) Max Min Average

Muscle 05 0.05 05 — 87.9 922 927 954 955 955 33 — - -
Fat 0.5 0.05 0.5 = 85.6 821 86.6 86.1 85.0 856 2.1 — — —
Liver 5 0.5 ] = 75.5 85.4 86.5 87.0 87.0 87.0 5.9 - - -

Muscle 0.5 0.05 0.05 SN 99.0 105.0 98.9 96.4 89.7 93.1 5.7 1065.5 287.0 676.3
Fat 05 0.05 0.05 SIN 954 922 952 896 956 92 6 28 499986 13238 3161.7
Liver 5 0.5 0.5 SIN 75.0 80.3 80.3 80.7 80.5 806 3.0 10822.0 | 35586 7190.3

1) When S/N ratio was calculated for evaluation limit of quantification (LOQ) described [S/N]

2) S/N was obtained from the peak at the maximum (Max) and the peak at the minimum (Min) in the five recovery

tests.

3) S/N was calculated via the “peak to peak” method using Mass Hunter Ver. B.09.00 (Agilent Technologies)
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Table 4-4 Result of matrix effect

)
Bovine | MRL™ |1/10MRL| Additve | Standard Peak firea

) concentration | concentration . Matrix-matched standard solution™® Standard solution Peak area
Tissue (ppm) (ppm) (ppm) 2mglL) Blank ™ . 6)

n=1 n=2 Avarage n=1 n=2 Avarage ratio

Muscle 0.5 0.05 0.5 0.1 133 17731 18677 18071 19646 21337 20492 0.88

Fat 0.5 0.05 0.5 0.1 16 19197 20460 19813 19646 21337 20492 0.97
Liver 5 0.5 5 1 1296 231886 247915 238605 295945 311233 303589 0.79
Muscle 0.5 0.05 0.05 0.01 210 6416 6307 6152 7264 6212 6738 0.91

Fat 0.5 0.05 0.05 0.01 64 1952 2295 2060 2202 2198 2200 0.94
Liver 5 0.5 0.5 0.1 197 19875 19514 19498 22518 21806 22162 0.88

1) MRL: Maximum residue limit

2) Standard solutions at equivalent to100% or recovery rate were prepared with blank sample (matrix-matched standard

solution) and with solvent (Standard solution) .

3) The results were evaluated from

and solvent standard solution.

two measurements taken alternately in the order of matrix-matched standard solution

4) If a peak was detected in the blank, the peak area of the matrix-added standard solution was subtracted from the one of

the blank.

5) Matrix-matched standard solutions were prepared with blank samples on the day of the examination.

6) The peak area ratio was calculated as the ratio of the peak area of the matrix-matched standard solution to that of the

standard solution.
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Tmo AFHIE 5 BEADLRLD,

51 EiX, AFROY ROBEES . LC-MS/MS 72 EORERL, AW O B &k~ 7,

%2 BiX, BEDTO AP ZERAET DO OFRIRET 21T o o RIC OV THE L
7o AP OEBERIE ZAT 9 12iE, BRI GTE L AP M S8 2 HIEIZOWTHRETT 544
TR D, £, AP A S E 5 HEE LT, 3 TCICHE STV D LC-MSMS &%
ZEZI, AP PRI ESN DRI LT-, AP OISR I -%, LV EEKENEED
£ 9. BER T A D HBIREOA A ACEOZME AR Lo, BB AL, AP 120
W, AR TIER S RENTEY . ZOREFR LN LC-MS/MS IEIZH#ETE S
PRRETEAT o T2, BAEWRBRIETIX, 7Tl VKSR — A Ao s a~ 757
A —HEHEDR NG TW D, MAYRER TIE AP I X DWEMTEEZ T+ 2535 T
L7 BRI D —EA DR ST HIERRA~DZEIT D720, LA L, AP Z LC-MSMS
ECTERNET HIZIE. AP BT A0 VKGR TS hien 2 & 284 5 03
W%, TZTAPEZT NI INKGIHL, k7 v~ 7T 7 4 —A = 7 v THA
F v b7 v TEESGHEE (Orbitrap LC-MS) (2 X 2 FEEE &HIE & RIS (NMR) 47
B (- KX DREEMT 21TV, AP RS2V Z L 2l L, 7o, EMRERIZ
He U 7= 7k CAERRE (WA, ABRA. JITHE) 2 RURRREL U 72 RO JeHER 3 BREIZ DUV TR
5720, LC-MSMS IETERMEEZITo72 & 2 A, [N 59.9-63.7% Th o 7273, Ak
72 10 5, 100 fi5 & AR Do, FERPZNZLI, 81.7-84.2%, 97.5-98.5%I(ZH L
L7ce RETHGE LT FETIR, KRS D H2ICREI NN LR nhoTe, £,
WAETBR DO TRO—2I2 & 2 iR O T ARIES 0RO THMETH 5720, AP OFPEL
TR OWANED S, AR EZ AN U7 152 55 3 B Claat L7z,
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3E T AR E O T AP & LC-MS/MS TE&IE T 2 A ORI 7 k4 it LT,
AR R L UEE (MRL) @ AP (B, 43Uk} @ 0.5 ppm., ZFTHE : 5 ppm) ZIRINL .
B T EORGET 2 1T o 7o FHIFEIZ. 70 VKGRI & n~e e (3
V) FFETFTHRY 7 vl (%92 -TCA ) o %Ki L7=, LC-MS/MS
HE AFELOFREIT AP DSKEMEOME D B2 Z L6 | BUKM-BUIMME T o 28 (HLB)
BEARICHIIR 2835 2 & &, AP X pKa (8.5) THDZ & & R DOHRNED sREENE
ThHhoHZ b, NS AP ZENT DEFE & LT, WAH RIS A A > A [E A 4
Weo, AFRICTIX, 2 SO HLB @M A 3E L, | FEOEMECR] LZGE L. 2 FE
D 2 HDOREE A E#A LIS a TR OBRERN R L MEE LTz, £72. AP 2T 5 [EHFH
(X2 fE5 (MCX. MC1) Z 38 L, HLB [EAH & O AE HX ThtiiR o R4 38 L 72,
REAR T ERRE & RN ER & U, RHMlESE R A EA I L D, B PICERRE T D BRE C
FTORBIED LTI AT A RZ A2 (FA RTA ) IZHSW e, #RIZ. WTiioR
BHEARGIECTOHA RTA L OREMEITHEE LA, @IREORERL END 2 FfEO HLB
[EFH & MCX @ 3 DO [EFH 2 A5 O TR T EN K b RAFRFRERPEOND 2 L03sy
Mmolo, o, AP TSI CHBEREICEA LW O Rtz BN & eicHit 35 2
EDNREET, BRI O AP JIE FIENRHESL SIVTW R 123, 7T Y K3 R ClEhE
WiZ st U Chltt . ~F %2 -TCA #liHH T, fhoFAL L D ~F % OEIG 28 LAl
Ha1T o7, ZHAUZ K VBN O HTIZ biES FRE T D & #18 THEIE LT,

H 4 ETIL, SEMT O AP EBITIEDZ SR 21T - 72, AETIE, MRL (iR,
A58 0.5 ppm., 2B - 5 ppm) & MRL @ 1/10 (1/10 MRL; 45, 438kl : 0.05 ppm.
BTN : 0.5 ppm) (272D K DT T~ A U OERERR Z TSI L2 AARERE R VT 5
3 EDOAF Y -TCA fHIE D 2GR 21T > 72, 2 MIZRAETBE DA RT A 12
FEOE, RN, BE, BE, EERMEICOWTEHME L 72, BRME, o777
BFARTAEL L, LC-MS/MS HIE L7=fER. AP ORFHREITEICRE S A E Y —27 O
HAEEE . ~ R VU v 7 AR OEHEER MRL O EREE CER LT 1/10 &6 (0.1 K6 27
#iPHE L7e, BPPEORERITFOFA, f5i. AFiE T, 0.010-0.034 £720 [ F X TOHAK
THA RTA OFRFMN & 22 o7z, BE, OHMTREIZ, BRI L7208z 5
EAIE L 7RG 3 &L 0 B U, RS IE, A MRL T 84.3-92.7%. 1/10 MRL T 79.2-97.8%
R0 HA R A ORE (70-120%) Ziiid Lz, $HTREE I MRL T 2.1-5.9%, 1/10
MRL T2.8-57%&72 0, A RT7A O HEE (15%A0) Zie Lz, ERRFEDRE
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flfitZ, S/N EE2S 10 A L& SRk & 722 2%, AR, JEG. JTIEO 1/10 MRL (IZ361F 5 S/N t
13, 676.3-7190.3 L 720 HA T A O ALEE (10 PALL) AR Lz, SN A UEE,
DHTHREEE OFE R & B%E LB ED 4O Al & BEIA T 0.05 ppm., 4O Tl T 0.5 ppm
Z LOQ & LTHHIGAIRETH D Z EN oz, ZHICLE D, LC-MS/MS % A 7-ffaxt
REBMIEIC L DEEYT O AP OERTIEZMNL L, 4 TICHE SN TELHEL VS
BCRRERERFENERTE L, L LR H JKOERIZ LD /E W MRL (KO#7 A,
B, BFiE T 0.06 ppm) OFEIZHIET D 5HER0, —HEEHEE (0.01 ppm) (SIS D7
DITIE, KO IMER D Z RET 2 TIEE BT T O 0ERH 5,

%5 BT, KM OMROER & A% OB, FRVE L Ol ~D BBk "I ReMEC

DNTIRE~T,
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A

AWFRROEIT, KLz £LODHITHIZY | KGR Tl LAY T80 TR L
N I 2B Y & L =B RPERERE Ml A/ ~N—3 g U2AER R 715 BaRic
DRV G L L ET,

KWFEEBATT DITHTI0 SRR TIRE L ZHREZH Y £ Lo BRI 7P
3 B2 oL D BILH L B £,

ARWFFE AT DICEHZYD . NMR OF7 —ZfG & ZHRz2B Y £ Lz, ZEHRFERF
B LAmRgert S Ed ZdRICBILHE L R £,

AKX aELDDITHY, BERTHELTHS E Lo, ZERFREGHERA ) ~—
A UERRGERE ORI ERD R, RS KE R, D NI BN HEEERICIK
HH L ETET,

AR FED —EBIIRASERMET 7/ TIT 212 b D TH Y | MROEEE G2 TIZEY
F L7l E— JottR (2020 423 A#rE) IO X VS L B ES, £, fil 8
. BT IEE AifERZIZC0 LT RSt RHET 7/ OB OWH, (LB OERICIE
X SADOZTHIGY LE Y BB L EF £ R U A fioirt e # —IGH 7 R Gr. i
AR BRRICE, TAREREE R TN ETHEE, DXV BILA L ETET,
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