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Wi 7 I/ 7)Y FRUERIIEEEB L UMRELE2E L TB Y, ZoIlmHiEiE 2 itiE
TAHZEIZRREEETH S, AWfZETE, b MIAETO 7 I 2 7)) a3y FRPUHSE 6 FikEIC
OWTC, BUKMMEERGA s o~ 757 4 — (HILIC) - ¥ ¥ F 2 EEH5H (MS-MS) %
A7 » R AT 2L, TORMMEORIEZ T 72, 141350 ul 2 50 L
AR 01%FM- 7 = )V (1:3) OBERA0ul 2Nz, = OH5EEE, EFE10ul %
Inertsil Amide # # V7V — PEEK # J & (& 50mm, W&E21mm, KT 3um) %3
# L7z HILIC-MS-MS 2 ICIEHEA L7z, BEIHIE 01% FEEARBHRE 01% X -71 =
MY VEREH, WE06ml/ 5T =T IV MECK BB E T T2
23 FRPLWEIED T ¥ 7V MS 5 Cld, 6 T RToOEWIZBVT [M+H]"®7a k»
LG THR=AE =27 Loz, MSMS TR Z ) a2y FEGORZEIC XL 280 7o
T M FryREENn, BIRKSE=%1 »2 (SRM) HMlETIE, 7V —%—4F >~
ER=—ZAE = 2R L7270y A F L EDHAEDLRIZI ST, ANLVT AT Y m/
2582 >263, VEAYIA T Y mz455>163, HF~A4 Y mz485>163, TI ATV
m/z 586 > 264, TNRA YV m/z 452 > 324, TIVNRH TV m/z 553 > 264 B FNEFNEREL
72. SRM 7 < b 75 ATl 6 FEHEOIEY A 1.4 43 IAIBH S, 388 IR INALAE C Lokt
LY ENAERBMICEHETAE— 2 IR ON Do, < M) v 7 25551398 ~
72% TA & VALOIHID A S 7z1F A, BUERIE 23 ~T77%, fHBRIEIZ 72 ~105% Tdh - 7-.
T/, EEMEFIX39 ~ 16 ug/ml, BHEBRFIX 012 ~ 098 ug/ml, HAZE B X O'HKZH)
DIEREIZ 10~ 19%, FEEIZ80 ~ 114% Th o7z, X512, 4 HEFHF L 72 HILIC-MS-MS #:
BANLTIRA TV FERRIAFA T OBREIIC X 25223 - BHEE 1 %20 60E
BH%, 4 BFRICERM L 223 I Lz & 24, miEid 16 ug/ml, %% 1E 14 ug/ml & €= T
&7z, KL, 737703 FREWEOMMEIDOREL 0T E LT, BRERTO R
Ty TR Y 7RERFFIEICB T AP ERERYEOFE - €RICHEHTH S I LAVRKE
.

X—T7—-R:73I7) a3y FREREE, BAMHEEREA o~ N7 40—, ¥

T NEESNT,  AE

7703 FRPUWEIIPIN A RS MVAIL 7 SIZHEIBAH 0, o IEGE R 2 AT
{, 77 aBYW, 77 ABER, UBRZ SIS ST 2EERE LTS TwRY. L
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KW, RBRBIOAF ) ViR 7 FYRE MUY HEEEZ R TI LML N TE Y, MiEHho F
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T TEDY) VT RBEEIAT)LERD BT,

b MO 7 3 7 7)) a3y R IED 5HE
&, BESR D O IAEY SR, SRR e i,
TT v I RAGERERE L EPHWLNTE
B, RAEFISHRFE TRHEHEICR L 2 ERH Y, #
ROHEICRIEETILEDND -2V, —F, W
Dy T T 74— & BT E ORI
v, BEAkrsae~ 7571 — (HPLC) #%
X U, HPLC- E&55H (MS) #:%98 X U HPLC-
¥ U F NGRS (MSMS) #:71%, XY EEk
DEWHIHEE LTHWSR, SRR E kR
BallagIns 727 ay FRHHEO &K
JEGHTEED BRI 22 > TV BT,

Aifgecid, MiEh7 I 7)) ay FRUKEHE6
Fii (AMNLT A=A Ty, URAIAT Y, H
FATY, TIHVY, IRAVUYBLIOT AN
BT V) ATDOWT, BUKMEAEAE % FIH L 720k
rua< b5 74— (HILIC) & MSMS % #l
AA DR L HILIC-MS-MS 20 B3 & Midf L
7o RPN, fHHZBEINEO BRI E 2 &
)7 ) — PEEK 8o HILIC 7347 1 5 2 [ EHEA
T5Z LI oT, EEMICEN Y RS
MBUHEE ), EBFIOSICHINH L. &k,
VERAIRA Y Y, VRAVVBIVTARA Y ¥
@ HILIC-MS-MS I LT, ShFETice bk
KRB RS L2813 <, La s e b
TIZ) AV FRVREORX SV TY) —E—2 9
T A& L7z HILIC 0471, bihvbh oM s )R
) TRAEIND TOHWETH 5.

MR 7 &E

1. ¥
AFETHH LA LTI Y Y, VRS
ATV, hFRATY, TIhTVY, IVRAVY
BIUT7 VXA Y (Table 1) &, TXTHMME
WOJEKT, Meiji Seika 7 7 )V~ () X b4t
Shi. 7, FBE, 7 PF=PIUAVBLT01%
FIe- 71 b= MY OVERITFOGHME T CRBR)
DLC-MS ZL— FZ&HVv, ORI RS
W7o, K MYET CRID oMK E
HE[H200d] OWRKLIZDDEMA L.
2. IMAEOERE:

ISR O, /5% 5 A O&Ih S 1FR
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L7z AMUSEFIRIICERINE (7 ml 55, EDTA-
2Na &47) ICERELL, 1800x g, 10C T 154 Mo
ORI K o TMEEZ L 72, 2o 5450101
WX TIAF v 7 Fa—THNTHHEIREL, #H
35 FT-80C CTHRAFL 7.

3. HILIC-MS-MS ¥ A7 A

HILIC-MS-MS ¥ 2 57 A%, 1100 ) — Xtk 2
o< 2757 (Agilent, Santa Clara, CA, USA) &
API 2000 MY 7 VINEMRL Y 7 N EGHTEE (AB
Sciex, Framingham, MA, USA) % % L 72H <,
AW BIT 2T RXTOUEIZB TR L7z

1) HILIC &tk

5871 F 2%, Inertsil Amide X ¥ V7)) — ¥ —
7795 (BEE50mm, WFE 21l mm, WTF3um:
GLH ATy A, i) ZHWw, F—FAh7251F
Inertsil Amide / Y AZ NV —bP ) v IV H—Fh T
2 Ei (& 21mm, W 1I0mm, ¥ F£3um: GL
A TUR) ZoMNH T A FRMEANZEES L. BE)
AL 01% FEKEW (B A) £ 01%FH-7 ¢
F= MU VER (BB 2V, BEBZX—
AW LB ADI~50%FTCOY) =T 75
IV hEEAITo72 (Table 2). B TH, SH A
T LI A 30%, BB 70%I12 K - T340
SEHEAL 2 ATV, IROMNE IS 2 72, BEIHO R HE X
06ml/ 4, 1B DY A 7 NVIT LN T 5
Thotz. —hH, HHHI720WMEIZIA0C, HH
DFEAREIT I0ul IENZENiEE Lz, BEIHOR
ZaE, 1100 ) —XEZEFH v ¥ (7 GLI322A,
Agilent) (X o>TH ¥ I 4 ¥ Thio 7.

AWFZE T 22 00T 1 7 2 % 8IS 5 HIYT,
BAEH IR ST\ 5 HILIC 7 5 2 04 k% ik
L7z ®RE L7 HILIC # 5 A EHiFE O Inertsil
Amide A %)V 71 — PEEK # 7 A ®DIA 2, Inertsil
Amide 79 24 (E&50mm, W21 mm, RT#%
3um: GL ¥4 > A), Unison UK-Amino % 7 A
(F&50mm, WE3mm, WTE3um: 4 v 72
b, ®H#R), ZIC-cHILIC PEEK # 7 2 (& 50 mm,
PN#E 21 mm, #7835 um ; Merck, Darmstadt, Ger-
many), Atlantis HILIC VU #4524 (3% 50 mm,
WL 21 mm, HT748 3 um : Waters, Milford, MA,
USA) O 4~ R L7,

2) MS &

MS#llsEix, EA 4+ Y E—FDTL 7 haAT L —
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Table 1 Chemical structures of six aminoglycoside antimicrobials used in the present

FSRPUR $E D HILIC-MS-MS 7747

study and their probable fragmentation modes
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Table 2 HILIC conditions on the Inertsil Amide, Unison UK-Amino, ZIC-cHILIC, and Atlantis HILIC silica columns

Gradient elution

. Time Mobile phase Flow rate
Stationary phase K . Ref.
(min) Solvent A Solvent B %A/B (ml/min)
Inertsil Amide 0.0 0.1% formic acid in 0.1% formic 30/ 70 0.6

(metal-free PEEK) 4.0 purified water acid-acetonitrile 50/ 50
41 30/ 70
7.0 30/ 70

Inertsil Amide 0.0 0.1% formic acid in 0.1% formic 30/ 70 0.6 11
4.0 purified water acid-acetonitrile 50/ 50
41 30/ 70
7.0 30/ 70

Unison UK-Amino 0.0 formic acid in purified Acetonitrile 10/ 90 0.7

05 water (pH4.2) 10/ 90
5.0 99/ 1
8.0 99/ 1
8.1 0/100
9.9 0/100
10.0 10/ 90

ZIC-cHILIC 0.0 100 mM ammonium 1% formic 50/ 50 0.6 12
(PEEK) 40 acetate, 3% formic acid  acid-acetonitrile 9%/ 5
5.0 in purified water 95/ 5
9.0 50/ 50

Atlantis HILIC 0.0 0.1% formic acid in 0.1% formic 50/ 50 0.2 13
silica 0.5 purified water acid-acetonitrile 50/ 50
1.0 80/ 20
25 80/ 20
2.6 50/ 50
9.0 50/ 50

A% 4t (ESI) B2 & - Tirbh/z. Zoflo MS
DEMEHEL, ¥ —KAF AT L —RkE  450T,
A+ —=Z:5kV, £HREMEL 1240V, =7
FTAF—HAE (EHEZER) 35psi, B—F—7
A (EiEZER) 1 80 psi, 7 —TF v A AE (FEiHl
JEgEF) 1 30psi, ZIWVAF ¥ yE—NIZBUILAEE
#iPH © m/z 50-1000, 7 — & LY AAEERH] © 125 ms,
PAlIE (FWHM) : 060-0754 m/z, 2V Y a v HA:
BIEHATHo7-.

MS-MSHlEix+Y 74 AEFE LY Va3 VEFE
DRI X - T, 6 FEOIEYZ 2kl %
ZEL7 (Table 3). 72, BIRUSE=FY V7
(SRM) #:1%, 7V —H—AF e XR=2E—2
BRL72TQ¥ 74 % v EDMAELEDNLRE
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L7z, &8, T—FOWYiAHR, AXRT FIVEBIV
ya< b7 AENE, MS VAT AR L2
Analyst™ >y 7 v =7 (ver. 1.0) Z W TIr- 7.
4. PR E MEEH (QC) ¥ v TV ofE

6HMEDT I 7 7)) 3y NRPUH IO BAF AL
Wik, TNEFNOREK25g #FEICHEL 2%,
EHK 100 ml WAL, 25 mg/ml DEBEEEICTRE L
7o, D%, I OURAFHEERER D O RMAKZ HW7z
AU X 5T, 098 ~ 500 ng/10 ul o & PH o FE e
AR L7, SO ORSFREER DB X OFEHER
X, TRTY T VABEFE AN A 7 IVIRIZ A,

HHTAHETACTRAEL. 72, e
Wrasina e, IMmAE 50 ul %720 3.9 ~ 500 ug D

FEGEPHCIER L 72, &b, BEMIINEERE (IS)
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Table 3 Optimised tandem mass spectrometry parameters for the six aminoglycoside antimicrobials

Precursor ion

Orifice voltage Collision energy

Compound  MW? (m/2) Product ion® 7z (Relative intensity, %) V) (V)
Streptmycin 581 582 263 (100), 246 (41), 221 (29), 176 (26), 217 (12) 152 46
Ribostamycin 454 455 163 (100), 161 (57), 295 (51), 323 (15) 53 35
Kanamycin 484 485 163 (100), 205 (55), 324 (25) 70 36
Amikacin 585 586 264 (100), 425 (72), 163 (47), 324 (36), 205 (22) 80 23
Dibekacin 451 452 324 (100), 163 (66), 205 (23), 452 (13) 80 23
Arbekacin 552 553 264 (100), 425 (57), 163 (21), 306 (15) 84 28
"MW =molecular weight.
bQuantifier ions are in bold characters.

B TIERL, AL T ATy, URRY  ffZE (RSD) A% 15% Adm, B0 (30 5 it 75 P 5 il

RAVY, TIAYY, IRIYUVBIOETLRA
VUVOMBBIZEAFIA T UE, AFATID
WMERIIEVRAIA v E2ENZEFNIS & LT
ML7 QCH ¥ FVIidME#gE Mo kT, I
HE50 ul W 3.9 ~ 250 ug DIEY IR EEHIPH CTIER L 72
5. I4ERR DR

MAE BN R O FHEECTER L 72, Ii4E 50 ul (12
e GREEOEWEA) 10ul & IS 10 ul (RN
H DTG ZRML, 5HHOEER, S5
WCHAAK D 01%FM- 7R F=rY L (1:3) B
4%m%ﬁwt,wmmmm®ﬁbﬁ%%wtf

10 7 47 o 7= fefgl, i 300 ul #FRIL, Z
ONOM%HHENBMS/XTA AEEA L7,
TINTEE D Z M PERRE

ﬁﬁ%?d@%ﬁ,HW§ﬁﬁlwﬂﬁﬁﬁ®%
J& (precision) i NICEE (accuracy), iR
(LOD), &R (LOQ) DHHIZOWT, 4lH
BIFE L 72T o2 U 2 WGl L 72, M i 4e
PO - SN RERE IS Lo Y — 7
Fatez w7z — kIR E#RR (y=ax+b, y: ¥—

WML, x SR 2 ofFRL T2 M
BFRELIE 099 DL B2 EAMRIED R kL L7z &

2, HNEBORKELBEEIIQCH Y T VvaeH
W, W U HIC 3HEOSEYRE T, £hen 3T
OME LA R bR Lz FEkZ, HEZSO
FEHEE L BED QC ¥ v v E Hvy, 3HEEHOERE T,
ZhEN% 1 H 1|9 D 3 HEHER e L 72k %
PHEH L. 2ol QC Y v F v o3k
&, TER L 7-MERD» OEHE S, I
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D15 LINZE ENETNOFRIMEL L. 35
(2, LOD XA IZHmm L7238 W A SRM 7 1< b
77 AETS/NIL=3CHRINTEZ 5EE LOQ X
HWZS) & 0 RZB O RSD 1HAY 20% Aiii, HEED
+£20% & R AMER EOR/NREE L. b
SNTE O Y O Rl 2R L, CREIE MRS G
(FDA) ®FA K54 Y1ht-7219,

~ MYy 7 ZFE, BIEB X ORI, 3
PR OFYIEED QC ¥ > S V2V, ROFHELR
POEMLZ <MYy 7 Z%E (%) =100— ((Hh
MR ER O MBS R Z MR TR O —
7 TR / (R EAH B 2 N 2 I EEA L T
foh-¥—Zmig) xX100), BEILE (%) = (QC ¥
YTNVOY — 7 HRg) /(W R B AR AR R A 2
EHEEALTEONY— ZTHEE) X100, iz
(%) =(QCH ¥ 7 NDY— 7 k) /Gl # ol e
BN 2 N 2 T b N7 ¥ — 7 i) X 100.
7. HILIC-MS-MS {# DO FBEBI~D s H
AFETIE, APLT ATy BN F~<A
VrERBMEE (325%, KE Bk ICHRES%E
JAWTHE L, B5HBOMMED S WY oMt % 3R
ATz P53 5 HANIIEW A% 250 mg/ml & A DFE
BT, Zo4ml & 1S Lz £/, Mk
G, G5t 1R, 2 BR3P X OF 3 R TR
IREGICERMEE (7ml 758, EDTA2Na & /) (2
BEhs. Zolmiid 1,800 X g, FikT 155
R, IMAEARICL, i3T5 FET-80CT
PR L 72

WD 5T

. WHBRAF DM 2 i TR L
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7otk, Z@O50ul IS 10 ul ZEM L2 2O
AWEHI 5 M OFE R, K 01% - 7 b
= MUV (1:3) B 430l 2R L, 19600X% g
DR 10C T 10 54T - 72 Refkic, Lk
300 ul ZERIL L, Z o 10 pl 1 HILIC-MS-MS ¥ &
NZHEBHEA SN, BB, AEBRBITII1IAD
BUHBZEIZAMN LT IA IV EDFIA T VD2
MM &S L72As, mERp4ickssh, 2 L
ThA RG5O 2B <A Y RS %
fiolz, RFFEE, WHAMAKFEFSREOMBMEHS
DERB (KBFS 1745) #HTEBE N,

& X

1. Y AANRY NIVERHT

773y FRIUAHE 6 FEO MS R
BOICEBEY DA T 2a—Ta v iEICEoTHEL
7o ZFOREIE, FEBEO HILIC 587 7 4 % v
T2 AT BT L, &l MSB X
" MS-MS GefF % i L7z,

SUTNVMSHEILEBTNVAF Y VE— FTIE
WINOEWIIBWTH [M+H] "7 b+ b4
FTHRR=AE =7 & L THE &Nz (Table 3). &
512, 71 b AL, BES ARV EER
R X > THEOTuy 7 b4+ v 2 AERL
72, FORT, AMLTIA TV mz 263, VAR
AE<TA TV mz163, HF<A TV mz 163, T
IHT T mz264, VRAY Y mz34AB LT
WA Y Y m/z 264 3R —AKE—27 L LTHIEE
N7z, ZORE, 6HEOT7T I /7Y ay KERYHE
EOSRMPlETIE, VA= —AF &7y
7 MM F U OMEER, AMLTIIAT Y iz
582 > 263, VARAY ATV m/z455 > 163, #
FYATY im/z485>163, TIAN TV m/z 536
>264, VNRNATY im/z452>324, TNANRH YV
m/z 553 > 264 \ZFNENEE L 72

2. HILIC 5341 71 5 2 ik

KREFFETIX, 73 /72793y FRYURE 6 fiEHICD
Wi % HILIC M 2 25 A 72012, Tl 5
M5 2588 (Inertsil Amide X # V71 — PEEK
715 &, Inertsil Amide #7 7 4, Unison UK-Amino
# 5 A, ZIC-cHILIC PEEK # 5 4 B X OF Atlantis
HILIC ¥V A A7 4) ZHw, SRMZ7u~ 73
L Eos e, BB XY — 7R E e L
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A

Inertsil Amide TInertsil Amide Umson UK ZIC-cHILIC  Atlantis HILIC
(metal-free PEEK) (PEEK) Silica

L L |
| |
L.

100

Streptomycin
0

100
Ribostamycin

|
|
|

|
|
L.
L
|

Kanamycin - L | l \
5 0
£ 100
S E
Amikacin
100
Dibekacin o | l I |
100
Arbekacin A
0
0 40 40 40 40 4
Time, min
B Inertsil Amide Inertsil Amide Unison UK- ZIC-cHILIC Atlantis HILIC

(metal-free PEEK) Silica

100| L |
"

(PEEK)

|

L

Streptomycin

Ribostamycin I I I I I I
0
100,
Kanamycin I I
§ 100,
Amikacin K I l I I I I
0 N
100,
Dibekacin I ! I I M! I I l
0 "
100,
Arbekacin I B I I !‘ I I
0
0 40 ) . 40 4
Time, min
Fig. 1 SRM chromatograms for the six amino-

glycoside antimicrobials from human plasma
using five HILIC columns commercially
available. The amount of each drug spiked
into 50 ul of plasma was 3.1 ug (panel A)
and 0.049 ug (panel B).

72 H L9 T 2813, &2 —EIlT5720
2, B9 L0EE, WEBILTHTHE2ZhEN

50 mm, 21 ~30mm B L P33~ 35 um iZHK— L 7.
BEMH O 513, Inertsil Amide X # V7)) — PEEK
717 5B X Unison UK-Amino 77 7 Aldbivbi
HMENZRE L2, FoMoH 5 2 I3EEHD 5 \»
BEBATOHFEEZ S E K E L2 (Table
2). ZO#MRE, 6 HBEOIEY D 5HEiREE ZIC-cHILIC
PEEK 7 7 2 %%k b B <, o 4O 7 7 2121
KEZEWER SN E o572 (Fig 1, 7SRV A).
F 72, 6 FEOEYOHEMEMIZ, T XTOH T A
CBWT3HUATH-72. EHI, E—7ibEI
MLAE R O FEWR I FE 28 625 ug/ml (Fig. 1, 7$%
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Streptomycin (m/z 582>263)

5.6et+4 Spiked plasma
£ L
S0
2
% 38 Plasma blank
g

0

0 1 2 3 4

Time, min

Ribostamycin (m/z 455>163)

9.2¢+4 n Spiked plasma
Plasma blank

128‘ ‘

0

0 1 2 3 4
Time, min

(=}

Intensity, cps

Kanamycin (m/z 485>163)

5.5¢t+4

Spiked plasma
&
z2 0
% Plasma blank
= 96

kbl

0 1 2 3 4
Time, min

0

Amikacin (m/z 586>264)

6448 A Spiked plasma
0 l
104 Plasma blank
0 ML

0 1 2 3 4
Time, min

Intensity, cps

Dibekacin (m/z 452>324)

2.3et4 Spiked plasma
&
= 0
2 Plasma blank
g 168
=
0
0 1 2 3 4
Time, min
Arbekacin (m/z 553>264)
1.7e+4
Spiked plasma
&
20
é Plasma blank
= 88
0
0 1 2 3 4

Time, min

Fig. 2 SRM chromatograms for the six aminoglycoside anti-
microbials from human plasma using the Inertsil Amide
metal-free PEEK column when 1.6 ug of each compound
was spiked into 50 ul of plasma.

VA) BEU098 ug/ml (Fig. 1, 7$4)V B) OWg
NMIZB W T, Inertsil Amide * # )V 7 1) — PEEK
BT EAHPROEL, MOH T AIHRTAMLT b
<A T UE3~8E VKRR A T id4~ 11145,
HFIATET~1385, 7IHhT vid4~ 174,
VRI T NE 3~ 18K, TARD T IE 5~ 24 £%
BIFGERTH o7z Ld o T, ThUBEDIEER
Tl Inertsil Amide X # )V 71 — PEEK % 5 A %
72 HILIC-MS-MS #: %47 - 7.

3. HTEOZ Y ERGE

1) SRM Zu= k7 J L 0E

T3/ 7)) 3y FRYURSE 6 M mA A L
THOLNZSRM 7 u< b7 541, T XTOHEY
DB R Y — 27 L LTSNz (Fig 2). &R
MIEA LT r<A4 Ty, VRRASYSA VY, T3
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v, AF=RAY Y, IRV BLIET VRS
YUNENEFN09], 118, 128 131, 129, 1.38
5 CThotz (Fig 2, EM). F72, SEWIEGiLE
2BV, 6 O S5 E IR
BHETLIE—2oHBIIR SN -7 (Fig 2,
).

2) ~ MYy 7 ARE, BIEES X CHERIEREO
Mg
AEZBTLT I 7)) ay FRVUEHE 6 HEO
< MYy 7 AR, GRS X O R)E % Table
41" F. M)y 7 ARRIETIXRD T UH61 ~
72%, AMLTIIATUBLIY)ERRYAL TV
M3 ~68%, HFT<ATUA49~69%, T IAH
VIUBLIUTARD Y UA98 ~46% T, WTFho
HY)THA 4 VEEOMGI B I N/. F, W
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Table 4 Matrix effect, recovery, and extraction efficiency of six aminoglycoside antimicrobials
from human plasma

Concentration added  Matrix effect® Recovery®  Extraction efficiency?
Compound

(ug/ml) (%) (%) (%)

Streptmycin 78 68 31 96
31 43 47 91

125 35 61 9
Ribostamycin 78 57 45 105
31 41 54 92

125 34 53 81

Kanamycin 7.8 62 33 88
31 69 27 87

125 49 45 89

Amikacin 16 33 69 103
63 16 77 92

250 16 74 89

Dibekacin 16 68 23 72
63 61 33 85

125 72 25 90

Arbekacin 16 46 45 84
63 36 59 92

250 9.8 73 81

aData are presented as mean values of four experiments.

Table 5 Data on regression equations for the six aminoglycoside antimicrobials extracted
from human plasma by the present method

Correlation coefficient Concentration range LOD

Compound Equation ") (ug/ml) (ng/ml)
Streptmycin = y=0.0113x +0.0126 0.9985 39~ 125 0.12
Ribostamycin  y=0.0326x —0.0298 0.9988 3.9 ~ 250 0.24
Kanamycin y=0.0161x +0.0545 0.9993 7.8 ~ 500 0.98
Amikacin y=0.0016x +0.0179 0.9993 16~ 500 0.98
Dibekacin y=0.0075x +0.0100 0.9987 7.8 ~ 500 0.49
Arbeakcin y =0.0099x —0.0037 0.9990 7.8 ~ 500 0.98

aThe linear regression was obtained by fitting peak area ratios (y) of each compound to the
IS against the spiking concentrations (x). Responses from five different concentrations for
each compound were used to obtain the equations.

PERIL 23~ T7% DHFPAT, T XA ¥ o HKL, ml), BAF<ATY, IRFT Y, TURGYUHRE
TINY IR EPo T R, TRTO 78 ~500 ug/ml, 7 3I# ¥ H16 ~ 500 ug/ml @

HEMIZHB T 72~ 105% DHEPHTH - 72. WEPHC Vb ABIREL (1) £70.99 BL Lo Rbf 7%
3) Mtk OBt B S22 (Table 5). F72, 6 MO

BMEHIZA ML T IA YV BI)RRAY <A WZBWT, LOQ X 39~ 16 ug/ml, LOD 13012 ~
P39 ~125ug/ml (VKA <A 12250 ug/ 098 ug/ml Th - 7-.
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Table 6 Intra- and inter-day relative standard deviation (RSD) and
accuracy for the six aminoglycoside antimicrobials in human plasma

Concentration Intra-day (n=3) Inter-day (n=3)
Compound added RSD Accuracy RSD Accuracy
(ng/ml) (%) (%) (%) (%)
Streptmycin 39 52 80 10 81
31 5.1 100 31 106
125 4.6 96 88 95
Ribostamycin 3.9 74 105 19 114
31 6.8 90 8 102
125 37 95 47 105
Kanamycin 78 55 91 28 97
31 53 94 8 110
125 1.6 106 10 103
Amikacin 16 18 111 9.6 87
31 1.0 108 34 103
250 33 101 25 107
Dibekacin 7.8 1.1 106 7.6 97
31 79 114 48 111
125 53 106 5 100
Arbekacin 7.8 7.1 90 6.8 938
31 4.6 114 3.1 104
125 2.8 114 43 93
2All data were obtained using IS (See the text).
4) RSB L OHEEOKRE L7z (Table 7).
HWZB S & O HBEB O % S BN S, -
S

BHEY O LOQ EEE &t SHHOMEEIZOWTH
L7z (Table 6). ZO#E%R, HHNEEHHBIT 54
FEIXT79% LT, EFEIZS0~114%ThH o7z T2,
HMZEIBITAHEEIX19% LT, HER 8l ~
114% THho72. ThS5DEIZFDA DA A FF4
Y OHEILMELNTDH - 7-.

4. FEBEBI~OILH
REOEBEF~OIHE LT, BHEFICT I/
7 ay FRAEWE &5 Ltk #5ED oI
HREANEL, TOWBEBILE L b, B&E
DI SEY R IS ik v - ER e o8/ L
72. Fig. BICA LT b A v BEIUIF~ AL
PG HOME 2 S WY 2R L7z SRM 7 u <
NI ARRT. WEWIIHEHEFELRYE -7 BB
n, 5% 1ERoMmPEEIXZENZFN 43 pg/ml
& 41 ug/ml T, FoBkIEmEICE L ISR L,
4B TIEENZEN 16 ug/ml & 14 pg/ml 1284
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TI/ 7)Yy FREREO 7O VT T 4 —
GHTTIE, B e oRE L, #EkA S HPLC
I Tb, FEREVICL MBS ERS N
T&7:. LaL, o HPLC I3/ MM
SHERERE LTHE LWHETIER o7z, #
D%, BiZEE LToO MSHEMOERIZL->T, 7
I 7)) a Y FREWEDGHTE:1E HPLC-MS #:4°
OER ZOHEE LTSI TWwEY, —J;
HPLCMS #ECTHWON LG A T 21, 755
INVEEERAT HBUKVER EAER 2RI L7284 R o
HTANRERT, M) T7IVF OFEREL & oiEE
Ty FCANKR U2 A F o _RTRIEE LT
5T ETHMBEOLENASNT VAT, Lol
DA F X7 RIEIE MS-ESI D A4 F bz
3 22Ehn, FohBREEIEONRVE WV
AREDHEEN TS,



A
Plasma 1hr after |.M.
Streptomycin Kanamycin (IS)
(m/z 582>263) (m/z 485>163)
9.1et4 1.3e+5
& 0
= 0
é Pre-dose plasma
A (m/z 582>263) (m/=z 485>163)
128
0
0 1 2 3 4 0 1 2 3 4
Time, min Time, min
B
Plasma 1hr after .M.
Kanamycin Ribostamycin (IS)
(m/z 485>163) (m/z 455>163)
4.5e+4 6.6e+4
0 0
i Pre-dose plasma
g (m/z 485>163) (m/z 455>163)
2 160 160
0 0
0 1 2 3 4 0 1 2 3 4
Time, min Time, min

Fig. 3 SRM chromatograms obtained by the present
method from the plasma of a male patient lhr
after intramuscular injection of 1000 mg of
streptomycin (panel A) or kanamycin (panel
B). The amount of kanamycin or ribostamycin
used as IS was 1.6 ug for 50 ul of plasma. LM.:
intramuscular injection.

AT, W T OB BT HILIC #E25H w
522557, ThREHZI B~ 7574 =D
—fEC, BEMHIEITE M= M) VR EOEREBE
K (B 5HVIIEER) ORGEEL WV, BuARE
BRI T 5 2 &1 X > TEmELE Y D%
HEDSUIREIC R . L b, A4 v R7TRERZRINT
HUENEL, MSEEOMAIZL - T, Wikts
WOREBESNBEBRTELHENDH LY. &5
W, -, BRI S X OBy o8 s B
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KOFEREEE) v F oW %, RBEE, FHERD
LWVIEHMe EOBIELR LIS, ZO0F FOIRET
HILIC-MS-MS % IZEATRETH L. ZOLH %
fifE - 5k 7 BURHE A IE AR IS B W T b FEBLE
nTBY, 73793y FREYD HILIC-MS-
MS AT ANV =Ty b O EBGFTE 5k
Th 5.

A7 ClE, BEHREINTWS HILIC 75 40
1725, Inertsil Amide X # V7 1) —PEEK 71 5 4,
Inertsil Amide &7 7 4, Unison UK-Amino 77 7 4,
ZIC-cHILIC PEEK # F 4, Atlantis HILIC ¥V # %
SLD5EE®RL, SRM7a< 2754 Lok
Wosr e X OMIIRE 2 BEt L7z, ZokE,
6 MO PUHE I O 5 BEfE1E ZIC-cHILIC PEEK 7 5
ARG B o 7278, ¥ — 27 5fE IS Inertsil Amide
AZ N7 —PEEK /1 5 LHF LBV EZRL

2. TI2Z)aYv FRPEERX T I RS TR
BERIR IR CTH D Z 05, B Lo fiE I KR

RTIVEIPEHEDY, SEREMLLTVLEWT
HHEEZOND. L7zh->T, PEEK ME%EZH T
LN LT 5 Inertsil Amide X # )V 7 1) —
PEEK # 9 A Tl, /9 2NZ@BT5EMISE
DB ZIFII W EDHENTEX S, Lal,
Inertsil Amide # J 4, Unison UK-Amino &1 A
B X O Atlantis HILIC ¥V A4 5 2@ 3HHEIZAH
FLANHEDVAT Y VAMETH LI DD, EYD
Y — 7 DMK 2 2 BGUIEW AT L A8
FTAIWAE L ENERTHL EEZDNS. F
72, ZIC-cHILIC PEEK # 5 A 13% 5 2 WNifiAHY PEEK
METH LA, ¥—27lEIZB L CTidInertsil Amide
A¥NT7Y)—PEEK # T A0 24 ~ 124D 1 FLEET
Hotz (Fig. 2). ZHEREEHICKAET 2 ERIED
WS HILIC € — FOM 2 HIZEPH TS &
AONDBIED, I H T LERKDNWEIZENR DD
LbEZOLNS.

73/ 7)) a3 FREY 6 FE DO ZANRT MVIENT
IZBWT, Y7V MS TIEIXTOEYH [M+
HI*®7a b MG TFHR=ZAE =27 & L THRIEE
hiz. Zo7a bt Atz 7I)h—%—(4 4+ ¢
L7z7a% 7 "+ Y AFx T, 7)) ay Mg
EORRIZIAEEZONLBEROTOY 7 M F
YT RTOEYTHRIB SN/, 2 ORZEEAIZ
e —HT55DTHo7229. T2, ABZET
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Table 7 Concentrations of aminoglycoside antimicrobials in human

plasma samples obtained from a male patient after

intramuscular administration

Drug Dose

(mg)

Time after dose Concentration of the drug
(hr)

(ug/ml)

Streptomycin 1,000

Kanamycin 1,000

W DN =R W N

43
30
22
16
41
36
25
14

% Inertsil Amide X # V71 — PEEK # 5 A% Hw
72 SRM #HlZICB VT, TXTOHEYO L + Vg
M D EWEE R L7225, FHEY o5 HEREIK
EHEERNZ 09 ~ 14 702 3 2 H - 7-.
LA»L, 4o SRM il T, gl sh
%2 &L, 6 HHOIEY) & IR A0 B M
B3 sz Bl TE7.

BIED MS 557 CTlE, WIRESH 2 EETH 5 &
AR ORI EH ShTwa™®. HPLC
ERBIOTAZza= N5 T 4 =R AV Y
Brcid, MmpEARto MR IdMAQl ~2ml fRET
HoH. LarL, 73779 ay FRPUE#ED HILIC-
MS-MS T, M4 DH 5 WIZILiE 25 100 ~ 500 ul
DOMHETHRE SN TWBB2 . —J7 KR T
B3 L7 ki, MEOMHEAS0u TH D
N7 I/ 7Y 3y FREEESIICBWT, it
kI D RBOMEAINERTE /2 LIRS,
D XD o MEM oA S 2L, hilEET
SN BHEHERICOELTwD, 733/ 72
¥ RRIUAEEO AR S OFi LB & LT, it
Fe2r & FEASH B X O - s s
W 5078160 g HILIC-MS-MS i & Ol 4812
BWT, Oertel 51 Oasis MCX 71— M) v V% H
WAk A< A Y OMBYH 5 0ET I AV Y
HFEA T OENPATFOT I/ 7)) 3y FRE
WomMBP 2w x5 7 —)v, K FEER
OIEHOBESml # HWTIT>Twb. —4,
Zhou H2FA ML T ML P v BIX 4 HEOPL

-
—
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WMEIZOWT, X ¥ 7 — VK, Big7 v E=
Y AR B K ONFERIAT 360 ul 2 B 723 - idm
Z,Kim 5PREA ML T <A vy, AF<A T,
TIWNTYyBIUOPRBEEIVFI N2 XY ) —
VR B ERK TS HE 210 ul 12 X B3 - i 2, Fhe
NELTnD, 72, RIFETIE, 6FHEOT
J7)ay FARIIEEZ 7 b=MY L, KBIW
WK 450 pl %2 T - i 2 1772, —
MV, FEAH I & - ok A e L 2 A
BEAHSIIE O B 3 e Wis R Tl 2179 2 &8
T&%5%. LaL, HILICMS-MS &M H$ 554
T, - A I E AR SR I AR B A
e WIEEEE TR ER TR 5 2 & D, REIIEE
WOLEAIZ L ZEREIE LWL WE 5.

HPLC-MS-MS 12 & %5087 Tld, Rk o gk
WA DEBIE>TI Ny 72 A% REZTH L
PHSENTWER, <Yy 7 AREICIE, MS®
A F AR S N DR E £ SMEMRE S LS
RIRDD H1IH, RHOAZLE S Hh 5 FHEIMET
TAHEDRH LY. RifgeCld, 73/ 7Vav K
ROV T 3HHFEHORELH T M) v 7
ARNREREF L2825, 98 ~ T2% D A F AL
Barohiz F72, SFEERoRIER 23 ~ 77%
DHEPATH o 7225, W - WIMBOBIPEEDO A% KT
WHRIRIZ, 72 ~105% DM TH 72, ThbHD
RS 01%FMH -7 =ML (1:3) WIS
XAW - W TIX, 737V ay FRVREED
HCRIZEEFCTH B0, < M) v 7 ARROFEC



X B RBEOMIMBEDIK T AR S N7z, HE, 6
MEOT I/ 7)) 3y FRUEESEL IS 09
~ 14 5 AFE T, IAE R SR O B 0 S8 AL
¥—27 (280 nm ¥ 812 260 nm) 2SR S, wfHRI|
WMEDEBRAHERL TS RERFT—¥). Ly
L, Fig. 212R L2 X943 SRM 7 a <
NI ARY Y =T RE—IRRERL, BEEBX
O BEIE NI S O AHBIAR B BE L T, W5
WD YA IR LINTH S 2 L 95 (Table
5, 6), REEF73I /7 3y FRPURE 6 MO
ST hEEEHF L TWLEZ EPNHLNE
oz,
AREOLOQIFA ML T IIA TV EYVERAY <
A3 UA39ug/ml, AF<vAL Ty, YRH Y,
TIURAG Y YA T78ug/ml, 7 IH Y UH 16 pg/ml
Tholz. GV 6 HEHOIEY ORFIRIZBIT
HIMiEEx, A ML T <A YU 40 ug/ml
(Cmaxft)2Y, VKAY< 4393326 ug/ml (Cmax
)%, Hr~<A43rH 431 pg/ml (Cmax fili)®, 7
IHYUNI5~30ug/ml?, TYXRHY U685 ~
1095 ug/ml ($£5-% 1 BERME) 2, 7Aoo Vs
15~ 20 ug/ml (Cpeak fii) ® & & 5. —J, Wik
WOMPEEZA ML T M4 ¥ 2A340 ~ 50 ug/
mlPLE3Y 73 AT UA35 ug/mlBl B &b,
L7zA > T, REEL, 67/ 7)) ay KR
PURFRICOWT, B Shi E col b
DHE Z WREIC T 2 DR ST TH D 2
ENWSDNE ol REFR TR L2200,
BREICBITA NIy FTEZF ) Y TDARRDL
T, BERFHEEBICB T 2 HENYEORE - B
WCHEHTHLEEZOLND.

#EE AWREZT)CHD, 7TI /703y FRIUA
HORRZ R 7272 & £ L7z Meiji Seika 7 7 V< #Rak
RALITO X D L T

FZSAER

Meiji Seika 7 7 VI HXEH I DA PL T b~ A ¥
YRZAZRASY Y, hF~<A Ty, TIHYy, ¥
RAVVBIOTNRY Y Y OFEROFMLZ ZIT TV 5.
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HYDROPHILIC INTERACTION CHROMATOGRAPHY COMBINED WITH
TANDEM-MASS SPECTROMETRY FOR QUANTITATIVE DETERMINATION OF
SIX AMINOGLYCOSIDE ANTIMICROBIALS IN HUMAN PLASMA

Shinya OMIYA"?, Takeshi KUMAZAWAY, Xiao-Pen LEEV,
Yukiko SHOJIY, Junichi SATOY, Toshiko SAWAGUCHI"?,
Ashio YOSHIMURA? and Keizo SATOY
U Department of Legal Medicine, Showa University School of Medicine
? Department of Medicine, Division of Nephrology, Showa University Fujigaoka Hospital
¥ National Institute of Public Health

Abstract —— A simple and rapid method was developed for the analysis of six aminoglycoside anti-
microbials (streptomycin, ribostamycin, kanamycin, amikacin, dibekacin, arbekacin) in human plasma
samples using hydrophilic interaction liquid chromatography (HILIC)-tandem mass spectrometry (MS-
MS). A small volume of plasma (50 ul) spiked with the 10 ul of standard solution containing the test
drugs and 10 ul of internal standard solution was diluted with 430 ul of purified water/0.1% formic acid
in acetonitrile (1:3, v/v). After centrifugation of the mixture, the supernatant extract was directly injected
into the HILIC-MS-MS, without any solvent evaporation or reconstitution steps. The analytes were sepa-
rated on an Inertsil Amide metal-free PEEK column (50 X 2.1 mm i.d. particle size 3 um) using a gradient
with 0.1% formic acid in purified water and 0.1% formic acid in acetonitrile at a flow of 0.6 ml/min. All
drugs showed base peaks due to [M+H]"* ions by HILIC-MS with positive ion electrospray ionization,
and the product ions were produced from each [M+H]"* ion by HILIC-MS-MS. Quantitation was
performed by selective reaction monitoring using each base peak of product ions of HILIC-MS-MS. Good
peak shapes of the six drugs were achieved within an analysis time of 14 min. All drugs spiked into the
plasma showed recoveries of 23-77% and extraction efficiencies of 72-105%. The regression equations
for the antimicrobials showed excellent linearity with the limits of quantitation of 3.9-16 ng/ml. The
intra- and inter-day relative standard deviations for all drugs were not greater than 19%. The accuracies
of quantitation were 80-114%. Streptomycin and kanamycin in human plasma after intramuscular
administration of the drugs could actually be determined. This method appears to be useful for deter-
mining aminoglycoside antimicrobials in human plasma in clinical and forensic investigations.

Key words: aminoglycoside antimicrobials, hydrophilic interaction liquid chromatography (HILIC),
tandem mass spectrometry, plasma
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