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Table 1 Operating conditions of LC-MS for analysis of macrolide antibiotics

MS Conditions HPLC Conditions
Ionization ESI, Positive Column TSK-gel Super ODS (100 X 2 mm)
Fragmentor Time program Eluent Gradient
Nebulizer N (40 psi) Flow rate 0.2 ml/min
Drying gas N; (10 1/min, 350C) Oven temp. 40C
V-cap 4500 V Injection size 5ul
SIM ion m/z (M+H)", (M+2H)*"
Time/min Fragmentor voltage/V
5.0 60
11.5 100
15.5 150
Time/min A % B, %
0 85 15
20 50 50
25 50 50

A = 0.2% Acetic acid, B = Acetonitrile (containing 0.2% Acetic acid)

Table 2 Typical ions detected for macrolide antibiotics using LC/ESI-MS

Compound Mw Base peak ions Main other ions

721.5, 699.5, 540.3
843.5, 699.5, 540.3

350.2 (M + 2H)*"
492.3 (M + 2H)*"

Neospiramycin (NSPM) 698.8
Spiramycin (SPM) 843.1

Tilmicosin (TLM) 869.2 435.3 (M + 2H)2+ 869.5, 695.5
Oleandomycin (OM) 688.9 688.4 (M + H)" 670.4, 544.3
Mirosamicin (MRM) 727.9 728.4 (M + H)~ 554.3

Erythromycin (EM) 733.9 734.5 (M + H)" 716.4, 576.3
Tylosin (TS) 916.1 916.5 (M + H)" 742.3, 582.3
Kitasamycin (KT) 771.9 772.5 M+ H)" 702.5, 558.3
Josamycin (JM) 898.0 828.5 (M + H)" 860.4, 786.4
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WERAHL, FO51 % LC/MS EEICHEA L, &NC
Z®IRA & VB (selected ion monitotring, SIM) %
ML, Table 2ICRTE=F—AF LB LNz O=
M ARLYE =2 HEREERD, I M) v ARER (B
RN & D MEMRE RS L 7.

2-4 HEBREADORAR

WE 5 g ZBIL, 72 M= YL 30 ml K UEAKBRRR
FrUYLAI0gEMATLIABAEY F A4 XL 2E,
3500 rpm T 10 77008 L 72, RIC L&A & Mkl A
#, BREFZEL, 40% 7 =FY N 2ml & pA"FH
1ml #MA TRAEL2H%, BE 3500 rpm T 10 7 & L

THELz. nnFH OMERELZ40% TR MYV
MERBBHEL, TO5u % LC/MS ZEBICH L 7.

25 WEWYFHHABE

HERECBOWTAERLE LTRAHShTYS [HK
PEREM OBREIAEYREMSRAEL (WD) ' R,
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BB OP RGO E b AFCRAE ISR L, BERNR
— =T AT ER AW,

3 MRRUEE

31 HINIEEDRE

ZELIFAHMVICBOTHRY v - HIEBRE LT
0.2% AZ ) VBEAY ) =)V (6:4) RBREZHWA. L
L, BRALEL)ABRSLOBHATIE, BMEITOMBE
WD pH 3.8, 30 ml ICBMRFTIX 29 L%,

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

#wox b, B, P8 BEBEAI U< NS 70—/ BEMTEICE AP 054 FRIAEWEOEE 653

MSD1 TIC, MS File (MLS\60407_01.0) API-ES Positive
15000 8 ] 8
TIC 2 g ]
10000 A b
-
A A
0- T T T L R T T T T L D R S
75 10 12.5 15 17.5 20 225 - __min|
MSD1 350, EIC=349.9:350.9 (MLS\60407_01.D) APIES Positive
15000
10000 Neospiramycin
5000 m/z 350.2
e e
75 10 125 15 17.5 20 225 il
MSD1 422, EIC=422:423 (MLS\60407_01.D) APFES Positive
15000 7
10000 Spiramycin
5000 m/z 422.3 J\
0 T T T T T LA S A S S A R A | T
15 10 12.5 15 115 20 225 mi
MSD1 435, EIC=435:436 (MLS\60407_01.D) API-ES Positive . . . .
cis-Tilmicosin
15000 5 s e
w000 trans-Tilmicosin = o~
10000
o] Mz 4353 L
0 T T U T T T T M T T
7.5 10 12.5 17.5 20 - 225 -min|
MSD1 689, EIC=688.1:680.1 (MLS\60407_01.D) API-ES Positive
15000
10000 Oleandomycin
5000 m/z 688.4 J\r—A
e e e e 7 = ;
— 15 10 12.5 15 17.5 20 225 mil
MSD1 729, EIC=728.1:729.1 (MLS\60407_01.D) API-ES Positive
15000 . -
10000 - Mirosamicin
5000 m/z 728.4
0= T T U T T T T
I S 75 10 125 15 175 20 225 mi
MSD1 735, EIC=734.2:735.2 (MLS\60407_01.D) API-ES Positive
15000 ] Ervth .
romycin
10000 ryt 4
o] M2z 7345 A\
o — T 7 A | T T T T UL
15 10 12.5 15 178 20 225
MSD1 917, EIC=916.2:917.2 (MLS\60407_01.0) API-ES Positive
15000
10000 Tylosin
5000 - m/z 916.5 N
0= L L e ) I L S L R N R |
75 10 12.5 15 175 20 225
MSD1 773, EIC=772.2:773.2 (MLS\60407_01.D) API-ES Positive
15000
100004 Kitasamycin
5000 m/z 1725 /L
0 | S R L A A | T T T T T T T
15 10 12.5 175 20 225 mil
MSD1 829, EIC=828.2:829.2 (MLS\60407_01.D) API-ES Positive
15000 Josamycin
10000
5000 m/z 8285
0 T U U T T T T T 7
15 10 125 15 12.5 20 225 mi

Fig. 1 Typical LC/ESI-MS-SIM chromatograms of standard mixture (0.1 ug ml” D)
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Fig. 2 Typical LC/ESI-MS-SIM chromatograms of milk extract
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Table 3 Recoveries of macrolide antibiotics from milk
Added/ Recovery (mean = RSD, n = 5), %
Sample ) ]
Hgg NSPM SPM TLM oM MRM EM TS KT M
Raw milk 0.02 709%59 906=x52 979+82 769%54 74550 76.3*21 84.7+67 784108 99941
0.1 63.9£6.9 945+ 1.6 719+32 93436 959+34 94178 75.0x43 725+49 81.9+21
Pasteurised milk ~ 0.02 796+77 948=*7.0 10562+78 994+104 89751 865*27 73457 89148 87.8+t42
0.1 63.8+9.3 95.2x7.7 69175 89.8=*7.0 924+36 86.5%25 744+35 74192 80.0+2.8

B LD E O NRBRE R RS EEEROREN 2
LC/MS-SIM 7 0% + 75 A% Fig. 1 KU Fig. 2 ISR,
Fig. 21T § X912, KMWOREZZITHZ %L, 9
O MLs 254152 Z LD WRETH - 72,

3.2 HINEMNEER

BREMIZ 0.025 2°5 1.0 ug/ml (HEXEE LT 0.05~
2ng) OHPCTRFLERE (F=0995) ZRL7A. &
LEOER (130T T 2% W) 129D MLs % 0.02 K
0.1 pg/g DIBEIZHML, BINEZRDZZ. ZOMKE
% Table 3 127" F. LC/MS 3EKED 0B ICEN
DHEGHETH DN, 4 MY M) v 72 ADRB L%
FRFTWI e ENTWE, 22T, YhYv 7R
DBOL R VEBRBROFAUIEZ T TS,

AR 0.1 ug/g mINL7-& &, OM, MRM, EM, TS,
KT RS M DA F bk, < bV v 7 ADEEBID %L,
MEXTER RN X 5 BLEIL TR 75% DL L, AR R (R 2=
(RSD) & 10% DNE BIFRfETHo72. LA L, NSPM,
SPM B UF TIM i34 #+ bREN R S, R#ENT Eomiy
L 150% Hitk TH-o7z. MiABLIzL I, LC/MS D4
Fcid, LIZLITEBRRGORETHIRG DA F bW
fllRe A+ AMUREP RSN ABEYNH S, 22T, <MY
v 7 ADRBERHIET S5 ENT, ZERMAFERNEEY
B~ MYy s Akaii (BERmE) ®HvshTtns.
FEILBWTYH, HMEBEHE CHEMT 5 NSPM, SPM KU
TLM DA F LA M) v 7 AOHEBEZZITHZ Eh b,
M)y 7 ABREBREAHVCRNEL2ER TS LICL
7o AR & B BIYOBIERIZL 0.02 BTV 0.1 ug/g M
RItIC, BBLR70% Uk, RSD b 15% UINTHY
BREGHEL LTHRETE2HEIHEONLY. B, A
X AR, WThoEWD 0.01 pug/g (S/N=3)
Tholz. RIYT4 7Y A MNCIBITSHH D MLs Z:#4H
BRI ED L L 0.01~2ug/g" THY, BEHH
B LTHET NS BENE SR, A3 MLs % 0.1
ng/g BT 0.01 pg/g ML TR SN REH L LC/MS-
SIM 7 1< 77 A% Fig. 3 KU Fig. 4 {TRT.

AEFHCT, BEENTEEIRZEDL 3 Bk, B
WHLEG T 5470 7 itk (65T RIEBHE 3 Bk, 130T

BRI 4 A, T 10ROV TERBREZ EIEL
TRE, TRTCORB2LS 9D MLs 3B I h i dro
720 B, 0BT RTIIoNT, KEOKRBBERE L
720.01 ug/g IRETOMD MLs ZiBM L, 98D MLs A*
HIFIZIE T 2 2R EZ E/ L 2. wWTFhok
BT 9D MLs iX, BBL12 60% DL EASEILS
N, AR LORERIZIZIEZEEETHY, EirbI
KA CTOMEBIZIZIEAER SN o7

33 WEMENHEREICEL S MLs DIEHBR
PR, MLs DFRE GHZ W — IR I A 00 R Bk s
FARHShTE7. 22T, HBAW B. subtilis ATCC 6633,
M. luteus ATCC 9341 K T* B. mycoides ATCC 11778 IZ%5 3
LEWE MR Z /2. MLs O HBEAR % Table 4 1217,
MLs {X M. luteus ATCC 9341 (25 d S WHIETEEZ R L
72, LC/MS REEEP D BIFEIEN -G FETH S
A%, LC/MSIZX ) MLs 2R S 2356, SR »A
Ko TV ABIEIGHEZ 72 BED S RERE L 7 0 R
FrvrThHIEICXY, JVEFEHOEVFEERES S
LA TH 5. MLs OPLEHF I BB Z &0 5,
MAEWFENRBRELHVWE 20X F 2y 7 3FEHEE L
5.

3-4 LC/MS ik & WMEMFRIHERE & DR

9 fED MLs &AM L 288Hc2Ww T, Le/MS I
XY R L e MY ENRBECI YV ERLAEED
MBEEEZ R, BB ZE L, MEYFWRBRE T
KRBT O X SEMEE T, ZOFHEE L, »
THhOPAEWEIZOWTH, LC/MSICE Y ER LML
WAEMFNRRECLIVEE LB OMEEE, »>
09 LBIFTH-7. REFIEL TV s~ Ty RO
VA< A Y ORFRE Fig. 5 IR

B, BAEREROBRY S HPLC-UV 2N A H
SNTWEAH, HEEHEEICL 2 UVRINO 72 MLs ©
SHIIIMAENRBESFEH SN TWS, LrL, #
AW SR RBRIE IR R O X ) WEREICKIT 2D D,
MM EN-NEMWEARET A L EHETH S.
LC/MS 3B 5 AT CRIFICEZ S O 2 E 2
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Fig. 3 Typical LC/ESI-MS-SIM chromatograms of milk extract fortified at 0.1 ug g~ ! of each drug
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Fig. 4 Typical LC-ESI-MS-SIM chromatograms of milk extract fortified at 0.01 ug g~ of each drug
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Table 4 Antibacterial activities of macrolide antibiotics

Detection limit/ppm

Compound
B. subutilis ATCC 6633 M. luteus ATCC9341 B. mycoides ATCC 11778
NSPM 2.5 1.0 10.0
SPM 1.0 0.5 10.0
TLM 0.5 0.5 2.5
oM 0.5 , 0.25 5.0
MRM 25 0.5 2.5
EM 0.1 0.1 0.5
TS 1 0.5 0.5 2.5
KT 0.5 0.25 2.5
™M 1.0 0.25 2.5

Each drug was dissolved in 40% acetonitrile.

25 r 2.5
(A) [ ®) .
T 2} Tozr
E ° g
215 st
= >
- 7.1
@ 0.5 ¥ = 1.0029x - 0.0052 & 0.5 y=1.0551x - 0.0012
r*=0.9845 7 =0.9854
0 1 [] J 0 1 L J
0 1 2 3 0 1 2 3
LC/MS/ug ml1™ LC/MS/ug ml™

Fig. 5 Correlation between LC/MS and bioassay methods for (A) josamycin (y = 1.00x — 0.005;
7" =0.985; n = 12) and (B) erythromycin (y = 1.05x — 0.001; 7* = 0.985; n = 12) in milk

B ENTETHS LD, SHETETHNEIH 42,159 (2001). .
TN N 10) R. Draisci, L. Palleschi, E. Ferretti. L. Achene, A.
FRERLb0LEZLNS. Cacilia: J. Chromatogr. A, 926, 97 (2001).
11) M. Dubois, D. Fluchard, E. Sior, Ph. Dlahaut: J.
Chromatogr. B, 753, 189 (2001).
12) M. Horie, H. Takegami, K. Toya, H. Nakazawa:
Analytica Chemica Acta, 492, 187 (2003).

X #t
1) = BRIE: “BIomAEwE”, p. 307 (1987),

(R, . _ 13) EEAKIKFES BY WY IR 38 5 BT AR 3], No. 30 (1993).
2) iﬁ;gi -, RERZ . ARHAESH, 36, 329 1) B A B AL AT B - BTELES 107 B
5). (1994).

3) Kanfer. I, Skinner. M, F. Walker, R. B.: J. Chromatogr. A,
812, 255 (1998).

4) J. M. Gaugain, B. Anger, M. Laurentie: J. AOAC Int.,
82, 1046 (1999).

5) M. Horie, K. Saito, T. Yoshida, R. Ishii, H. Nakazawa :
J- Chromatogr. A, 812, 295 (1998).

6) HIVLIE—, WPEHE, AL=1E BHER, P&
iz B FHEEE, 40, 401 (1999).

7) B. Delepine, D. Hurtaud-Pessel, P. Sanders: J. AOAC
Int., 79, 397 (1996).

8) W. M. A. Niessen: J. Chromatogr. A, 812, 53 (1998).

9) B ¥, SHUEMET, BEEK. Safyd s,

15) D. A. Volmer, J. P. M. Hui: Rapid Commum. Mass
Spectrom., 12, 123 (1998).

16) Joint FAO/WHO Food Standards Programme
CODEX ALIMENTARIUS COMMISSION: “CODEX
ALIMENTARIUS VOLUME THREE Residues of veteri-
nary drugs in foods”, p. 67 (1996), (FOOD AND
AGRICULTURE ORGANIZATION OF THE UNIT-
ED NATIONS WORLD HEALTH ORGANIZATION,
Rome).

17) BEAGEA ST 8 497 5, 498 5 (2005).

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

B ox Yri, WL, i Bk a7 4 —/ARGTEICLZAMOR I u T4 FREEMEOER 659
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A simple and reliable method using liquid chromatography-electrospray ionization-mass spec-
trometry (LC/ESI-MS) has been developed as an analytical method of macrolide antibiotics,
such as erythromycin, oleandmycin, kitasamycin, josamycin, mirosamicin, neospiramycin, spi-
ramycin, tilmicosin and tylosin in milk. The drugs were extracted with acetonitrile, and the
extracts were cleaned up by partition with hexane. The extracts were analyzed using LC/MS.
The LC separation was performed on a TSK-gel Super ODS column (100 mm X 2 mm i.d.) with
a gradient system of 0.2% acetic acid-acetonitrile as the mobile phase. MS acquisitions parame-
ters were established in the positive ESI mode, and the related molecular ions were (M + 2H)2+
or (M +H). The recoveries of the drugs from milk fortified at a level 0.1 pg/g were 63.8~
95.9% with high precision. The limits of detection of the drugs in milk were 0.01 ug/g.

Keywords : macrolide anticbiotics; erythromycin; oleandmycin ; kitasamycin ; josamycin ;
mirosamicin ; neospiramycin ; spiramycin ; tilmicosin ; tylosin ; milk ; LC/MS.
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