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Azithromycin (AZM) i3kE 7 7 4 F—HICBWTHE
XNHHISERY 7051 FREARMEMETD
Y, erythromycin (EM) D5 7 b YIRD9afiLIIN- A F )V
HEAEALEEYHFED (Fig. 1) EMELE L TEBR
W3t LTRENTH Y, 77 0GHEOALRLT S
SARBEICHTAMBENFEE SN S TELTY
Z)Z)o

AZMOEERHEME LT, Br 5TV —AELITM-
1E88T), 3 NEXFVAECITM-2LEET), 6-NEX
FUAEGAITM-3LBE9) A%, JRB L UEFICHRH S
(Fig. 1), ZDMICHEY A F vk, 75V 7 —AD0-it
AFNVEBIVT 2 b ERIT VY IV OKBRILEE
DHERBWOFLEFHER IR TS,

A TIE, AZMOBHEREEZRET51CH72o T,
AR E R (Bioassayl®) B X UBHEBEE s 0w b
7574 — (HPLCH) I L A EEE (REABTIIREW L
DFBERE) 2 b PICAFRBFTORERICOWVT
BREt 21T -0 THET %,

I. EBRMBSSLVEE

1. fEEEH

AZMB L UR#Y O LB #ES (M-1, M-28 L UM-3) iE
KE7 7 AL VS EFIT2,

HPLCHI R ICAEIEEM B (1S) & LT VB LT
YERA YV (T AV -BE) RV,

KB OMRETHW Y ZF VI —F)V, BEHICH

W7 PUVBEIUAY ) —VEOFREE, 2
SR H R OTRE CER LARKEIVITNR b
2ERAL,

3. EERHAEGAH

MiEixd 55 LOMBEEEDHRG O L VWREAP LR
MLZEbDF kRO biE (BEEDHE
y-) AV, RIIBEABEPORRL - VLD
DERAVE, T/, BHIGERBOFREFICHELZLO
PEETAINVI—THALTAHWV,

4, BEBBIO< 57 14— (HPLCH)

1) HAEopuE

HEEIC—EEODIS. A ¥/ — VEBREME, EXA
MTCEREZE(ER) L%, b boiEInl F 13K
0.2ml% N X Fig. 2125 o> THjME L, HPLCHATIZHEL
72

2) IIAREMR

AERE CBEAIE D AZM (RFIE R (21X AZM & AR 3#)
BIU—FEDIS. A ¥ /- VEHrmz, EXRHRT
THRRBEE(ZR) Lz, RIZTI 7 MiFim ¥ 723K
0.2ml%ZfNZ, Fig. 2i26¢-> CTHIME L, HPLCHHTICfE
L7co Boh/zru<w b 754108 HAZM(F 2130
H) OIS, IZxTBHE— I EELERD, HBMBEC
ML7ay b LRER (—KEVFER) 2EH L 72,

3) HPLCHIESM

MiEL & RSOV TOHPLCHIE S X Table 1
IR L7,
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5. WAEWMFRTEED (Bioassayik)

1) REW

Micrococcus luteus ATCCO341 % MER & LTHEHL
PARS

2) WEREH

Antibiotic Medium No. 11 (AM11, Difco), Brain heart
infusion agar (BHIA, Difco) 33 & U'Diagnostic sensitivity
agar (DST, Difco) & i\ 7z,

3) REBBOHRM

Heart infusion agar (HIA, Difco) {2 THERE L 7= M. Iuteus
% Brain heart infusion broth (BHIB, Difco) (- #2ff L,
28C TASRFRIREE L - M % 650nmIZ B 1) 5 H @A
38%RIRICEH LI ILHFRLREARE LA(ZDL &
DHEIIFHT7 X 10°CFU/ml),

4) IREBEW

—ERDAIMTX EREICHFEL, VEDOXY /- VT
Bk, 0.1MY) Y ERIREE (DH7.5, 1% Tween 80&H)
THRLZ-O D2 S O IAKRER T I3 MmiEZR 5 TS

3'-N-desmethylazithromycin
M-2)

BR, Ny CAR L THRERPRY 2R L2,

5) MRESH L

MRSE & A L 7o e S ML 7Tm] & TEAE90mm D 7
FAFy sy —VIMEL, KFARLTELEERKR
AR EVER L, 4CTLRMABRERT L 720 MREMS0u
B AIAF 2= 28— F 4 A 2 (8mm, thick, T MK
BRAEH) R RE B MICHE D £, 4°C T2 T4
Bl 724k, 28°CT20MeM (F/21337C CLAREM) HEREL
72o R L7-FRIEAOBEZEZHE L, 7EK L IRERD
5 BA D AZMIRE % KD 72,

6. HPLCEESB & UBioassayiEd Mg
BERABF6%ICAZM 500mg % HEFO#H%E L 72
BEIZ18 S N7z i # HPLCEE B & U'Bioassayi: Tlll%E L,
T E i O & B A DA & ARE L 7o

7. EAEHBEGIIBITAREN

AZMERML-e FEB L VUCRAH T ZEIR, 4TH
SO —20C TIRIE L B O R 2 B E L X HPLCEE
I2& o THRETL 720

Descladinoseazithromycin
M-1)

6-N-desmethylazithromycin
M-3)

Fig. 1. Chemical structure of azithromycin and its metabolites.
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I. # g I AT X BpHIZ6.6TH B EEX LN AZl\fé‘ii%‘-
1. HPLC# #hor H;?nm:ai:n%somtasa‘%’m%&jénz:i
1) HPLC&fM 2o BHAOPHE6.6% L, M IS AN

HPLCAM#THE, AZMB L UF OfLHH M-1, M-28 &
O'M-3) D RFFE NS BB R REROpHO b 9 %K
Lz hR& AR SN (Fig 3)o AZMB L UFEEL3
DORHWIET TS BENHEDOpHA6.1H 56912 LAT
BIhEo TIRIFEMAPEL 2 B5EIZH Y, 1S 280
ING4DDILEMB L VEERTHRE—Z7 2RO R

Serum 1 ml

LS. (Oleandomycin phosphate)
Saturated sodium carbonate 1 ml
Diethyl ether 5 ml

Shaked for 5 min

| Centrifuged at 1,400xg for 5 min

Di

—

ethyl ether layer

0.5 M phosphate buffer (pH 3.0) 1 ml
Shaked for 5 min

Centrifuged at 1,400xg for 5 min

Aqueous layer

] Saturated sodium carbonate 2 ml
Diethyl ether 5 ml

Shaked for 5 min

| Centrifuged at 1,400xg for 5 min

Diethyl ether layer

Evaporated to dryness under N2 gas

Dissolved in mobile phase 0.5 ml

Y
Injection into HPLC

b & o 72T, BIEREM MY pH 6.30HE)
HMEHV, _

AZM, BB & ULS, DAV 5 EY 7 b EFig 4IO7R
L7o AZM, fLEIB L VLS. =78 & (B i) i3,
WS EINEE + 1.2V TR IRERARBIE LT @
e ch SRV EINBRE & + L2VICREE L, R

Urine 0.2 ml

] 1.S. (Oleandomycin phosphate)
Saturated sodium carbonate 0.5 ml
Diethyl ether 5 ml

Shaked for 5 min

Centrifuged at 1,400xg for 5 min
Y

thyl ether layer

0.5 M phosphate buffer (pH 3.0) 1 ml
Shaked for 5 min

Centrifuged at 1,400xg for 5 min

Di

o

Aqueous layer

" | saturated sodium carbonate 2 ml

Diethyl ether 5 ml+3 ml (twice extraction)
Shaked for 5 min

Centrifuged at 1,400xg for 5 min

Diethyl ether layer

Evaporated to dryness under N: gas

Dissolved in mobile phase 2 ml

r
Injection into HPLC

Fig. 2. Pretreatment method of azithromycin in serum and urine.

Table 1. HPLC condition

Instrument JASCO BIP-I pump
SHIMADZU SIL-2A autosampler
IRICA E-502 ampero metric detector
(equipped carbon working electrode and Ag/AgCl reference electrode)
SHIMADZU C-R4A integrator
Column ODP-50 5pm 4.6 mm i.d. x 250 mm (Asahipak)
Mobile phase serum; 40 mM phosphate buffer (pH 6.3)/acetonitrile/methanol (70:24:6)
urine; 40 mM phosphate buffer (pH 6.6)/acetonitrile/methanol (73:22:5)
Flow rate 0.8 ml/min
Column temperature room temperature
Detection applied potential
serum: +1.20 V, urine: +1.15V
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BERE TCIIpHO LRIZE ANy 2 7559 RBHED
B b PIINR—2A5 4 YRR X ER L CENMBE% +
115VICEEE L7

2) MEFAZIMOER

v MOFEICBEEIRE DAZME R/ L, BIak DHPLCHE

—e— Azithromycin

“ee--- LS.
204 ——0—— M2
——d-— M3
—eetyene M-1
_’é 15
£
T 101
(=]
=]
=
8
Q
& 5
0 T ]

T T T
6.1 6.3 6.5 6.7 6.9
pH of phosphate buffer in mobile phase

Fig.3. Correlation between retention times of azithromycin,
its metabolites and pH of mobile phase.

100 —{}— Azithromycin 50 ng

---@---1S. 100ng

Peak height (nA)

I 1
07 08 0.9 1 11 12 13

ZfEo THIMMKMEL, #0270~ MY T L %Fig 5IC
R LTz, MIEARBTICEAHEIIEDONT, AZM
BIULS. O5HEZBIFTH o 7z, BIUHIZTable 212
L7 &9 ISR T R R N AME T T AR AR
LA, WFNRORINEEIZBWT S BV EINER(71.4
~92.7%) DB SNz, T OMDOMRHBRTRIZ0.004,g/ml
TdHhotz,

3) RFFAZMB L URBHH (M-1, M-2, M-3) DERE

v NRICBEEIREDAZMB L &R B E AL,
A8 DHPLCIE (S HE - THIHBERAIE Lo o< + 7
L %Fig 6IIR L7z IREARBFICEAHBIIEDL
n$, AZM, @B L LS. OB RIFTH o 72,
ZOBEDAIMB L LR B ORTLERIEIC & 5 B
K% Table 3IZ/R L7 WIFNDIFMBEICBVTHLE
WEIXER (#70%) 315 S 7z, BRHBFRIZAZM; 0.1ug/
ml, M-1; 0.054g/ml, M-2; 0.24g/ml, M-3; 0.24g/ml T &
272,

2. Bioassayit

1) REH

BNOREY CAZMOERICRER L LTHVWLR
TWAM. luteus ATCCO341 %M L7,

2) MRERAEHOER

M. luteus ATCCI341 ZREB & THR—I)—F 4 A
7 & ) 3FEDKEH (AM11, BHIAB X UFDST) I2DWw
THREEES L UEEM 2R L 72, HIEAEIZAMIL

100 —O— M1 40ng Q'O"O
- O-— M3 80ng .
...... Mer M2 80 ng joj
80 — ,"O
o
60 I
S
40 | ',' O.‘O_O
: ol
S &<
20 ] ,"' '..;g..
dl é.;
0 I T T | T |

07 08 0.9 1 11 1.2 13

Applied potential (V)

Fig. 4. Voltammograms of azithromycin, its metabolites and internal standard.
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PRORE(EHETH), REREB L UCEEMRIIED
ENRT W2 (Fig. 7)o : :
3) BEEEONE : -
HEREOS, 1.0BXLU20% oW THBL:, B
IFARIIBEEREN0S%DE X FZIKREL, 1%, 2%
CHRBEEVL R AICONTHEMARIRINE 2o

720 BBIEAHDOEHRIRBIZOWVTII05% Tidag ==t

MER)PRARBHATH - 7285, 1%BLU2%TizME
IEHEEHTH o 72, LHL2% TEETHEREIE
TH20T, BEERIZ05% 72131 % 584 TH5 &
Zz 5z (Fig 8), L

4) FRILEORE A ‘
CFARILER IS O W TRET L2 R, 4°C TR TR
BET) S ICL VRSN BEARERE (HEHE
ol . o

5) RMEORE o «
FRIEFIRRICA T S E5 M EOXE %7, 108 L U15mlT
AT LR, TmIBE A b BRIE FIEEATK & < RRHE S
B THo, C
6) MRABRGBROPHS L BB WIZHEML 7
Tween 80D FE: .
0.1MY Y ERBEW DOpH%6.0, 758 L US.0IZFH% L,
AZIMDIREMR % B L 72, pH 758 X UF8.0CidFHIEM
BEPRKELEBTH o725, pH 6.0TIIFHLEFEA/NE
(ol (Fig 9o 72, EHEBEOTBIZH7:0.1M

@ ., ..®

]:4nA

0 10

. Retention time (min)

U o ERAB M (pH 7.5) (2 1% Tween 80 % 3/ L7zt
mmb&#ot%é%m%Lt%%,%MLtﬁ#mm
AR E L o7

7y HLjE, BB & UIEHOLE

b i % B v PR L7 R R 0.1M )~ BB
i (pH 7.5, 1% Tween 80&H) & A WTER L 7R
LI L7, M TR L 7R T IR OB A
Ho~, (EiMRE (0.006ug/ml)  TRIEATRETH o 72 (Fig
10), -

REHSB L U0.IMY v E B (pH 7.5, 1% Tween.
8044 TARL-REBV TREMREIER L 7: (Fig,
11) 0 REHE TR L72RER TIEEIERENI /DS (R
HEThH o7, ) VBBRER T2 L bMEL LR
R 5T k2L ) ROKENVIA S NEIEFEN SR L
Ro7zs ,

Table 2. Recoveries of azithromycin from spiked
human serum o

7 Retention time (min)

Concentration Recovery Cv
(ug/ml) - (%) (%)

0.05 92.7+3.1 3.3

0.1 80.3+2.7 3.4

0.25 73.9+2.2 3.0

0.5 73.9+1.7 2.3

1.0 71.4+1.6 2.2

(Mean+*SD, n=3)
© |
2 )

Retention time (min)

Fig. 5. HPLC chromatograms of extracts from (A) control fiuman s'ei*um, (B) human se'rti‘xfri.i spiked‘ with azithromycin
and (C) serum collected from a healthy volunteer 3 h after single 500 mg dose of azithromycin.

Peaks 1 = azithromycin, Peaks 2 = internal standard
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R R CUERL L 72 BIR T3 ) VBB % T
PER L7AREAR & D b RHIEAEDSKE (B TH - 72,
Z N HBioassay{EIC & A FNFNDOFE O#R IR F 1L
{&0.006.g/ml, R TO0.04pg/ml, JBHT0.024g/ml T
272,

3. HPLCH#E & BioassayiE & O prig

BEBRANBEFICAZM 500mg 2 F O 5 L - o M
## % HPLCi#: & BioassayiE THISE L7z MIEH: I &
HPEMEOMBIN % Fig. 12127R L7, #HEHRKIEr=
0998L RiFTdhH o7z, MUREMNMEEIZ1.038TH Y,
HPLCHE Dl SE{E & BioassayiE DRI EME & DR ICI313I2
L1OXIEAERD bz,

4. b MLEB L PRPTORELEN

t MIEB L PRICAZMERML, FRETHEEL
ot EORFHREM LRI L, Table 4127 L7z,
AZMIZIMER TIE—20C TREFELZHEL 2L b1
AMRETH D LARENT, 2B, FRTIEIPLL
EH2UBBMEETH o7z, T2, AZMERP THIRRE
LR, 24BHBORTFRIILTIS EETET L,
HERRETII24EBMETETH o7z, —20CTL 4+ ARIE
FLIEORERIIHIOS TH -7,

GV

Retention time (min)

®)

1. HPLC{%:

oI = =

AR D AZMDOHPLCSE & i 12D\ Tl Shepard® 5

Table 3. Recoveries of azithromycin and its metabolites
from spiked human urine

Concentration ~ Recovery  CV
Compound (ug/ml) (%) (%)
10 835%3.1 3.7

Azithromycin gg gég * tO 4;9
100 85.9%£2.0 24

Descladinose gg ggg f i 2 gg

azithromycin 125 739 _ _
M-1) 25.0 74.0+1.6 2.2
3'-N-desmethyl g ;Z'g f 3'? g 'é
az1tl(ﬁ>rg)ycm 15 753%25 3.3
- 30 76.5+0.7 0.9

2. .8+3. .

6-N-desmethyl 5.3 ;51(75.283 + ?21; ‘11.2
azﬁh(ﬁgl)ycm 12.5 65.4+1.7 2.6
- 25.0 63.4+1.6 2.5

120

Retention time (min)

(Mean*SD, n=2 or 3)

©

10 110 120

Retention time (min)

Fig. 6. HPLC chromatograms of extracts from (A) control human urine, (B) human urine spiked with azithromycin
and (C) urine collected from a healthy volunteer 0~2 h after single 500 mg dose of azithromycin.

Peaks 1 = M-1, Peaks 2 = M-3, Peaks 3 = M-2, Peaks 4 = azithromycin, Peaks 5 = internal standard
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OHPLC-ECDIEAHRE SN TV A5, BEHIZE VS8 AZM, M1, M-28 £ UM-3IZ2WTH VS E 7T bk
FROPHAL1.0TH ), BRALEREBOMMS L0 ek LokR, E#FNEERLIS~120V z.aa;wm;_
TAAYTES S L AFHDRES ZE L CHEEOR  FEL7. LALENS, N—ATA v DPENEIL BT
BERAT, RETIRRY v —RFERE % F 72848 fgmmﬁmomﬁuzb,mﬁituﬁm%O%W&
SARERAL, BEAOSHZREL, AZMB LUK 4L AZM, £AHHH B L ULS. EIFICOBET A R
B (M-1, M-28B L UOM-3) oI iE S & RFRERNEE TE7Z

AR HPLC-ECDIEIC & ) A fhB0RHF OB & B IR 1B
30 W 30 —
25
£ £
et Iy
% 20 §
g T 204
5] 3]
g g
S 15 N]
g i o
10 A-"' 15
T 1 T ]
0.01 ‘ 0.1 0.5 0.01 0.1 0.5
Concentration of azithromycin (ug/ml) Concentration of azithromycin (pg/ml)
Fig. 7. Comparison of standard curves of azithromycin Fig. 9. Effect of pH of diluent on standard curves
on various test medium. of azithromycin.
307 307 ® Human serum
& Serum (2-fold dilution) 4
A Serum (4-fold dilution)
0 0.1 M PB (1 % Tween 80, pH 7.5)
25 25 -
% 20 ‘g 20 -
S S
(5] 5]
15 154
&
10 T — 10 | : |
0.02 0.1 0.5 0.01 0.1 0.5
Concentration of azithromycin (ug/ml) Concentration of azithromycin (ug/ml)

Fig. 8. Effect of inoculum size on standard curves

2 . Fig. 10. Effect of human serum on standard curves
of azithromycin.

of azithromycin in 0.1 M phosphate buffer
(1 % Tween 80, pH 7.5).
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30

25+

20+

Zone diameter (mm)

154

10

0 0.1 M PB (1 % Tween 80, pH 7.5)

¢ Urine (4-fold dilution)
O Urine (2-fold dilution)

A Human urine

Fig. 1

0.8

HPLC (ng/ml)

0.01

Concentration of azithromycin (pg/ml)

1. Effect of human urine on standard curves

of azithromycin in 0.1 M phosphate buffer

(1 % Tween 80, pH 7.5).

y =1.038x - 0.003
r=0.998
n=90

0.5

0.2

Bioassay (pg/ml)

0.4

0.6

0.8

Fig.12. Correlation between azithromycin concentrations

in human serum determined by HPLC and bioassay

T ABRIZOHT O & % ABEALEWIEM 2 AT 5HE
PEWE 2T bR 7280, BB R ORTALEE £ 3T L 72,
MigDHE, TIH) KRS F) Y L) &ETT
-7V L, ) CEBE (0.5M, pH 3.0) 12 & o T
W L 72t%, BET VD) RUETT—FVIHHT 5
CERXE->THREMYK #13ZRET S EMNTE, [
RIS RAF BN A Bz, $72, RIZOWT S MLk & [
BROBILIL ST T BT 2 EINERZ B 5 Z AT X 72,

2. Bioassayi#

AZMD R=/N= T4 A 7 EIL & D MAEYEIERE
(Bioassay) % Table 52 L7z, A O M i o 4 BE R
FIZiZ POEBKZKSBTOMETRELZE L5
&, 0.010pg/mBE I THETELILAZEE LW,
FITHRERICIIAZIMIIB WS % R+ M luteus
ATCCO9341% WA Z L IZ X ) BIREREITHE & 7
272 WEEIER=IN=F 4 X7 ETHREL7-2
Girard 5Y D7 A — 7 = WILEIE & % O EREHTE
L7z,

MFERBOHEICEL TIX, RBPOMENLEHIE
WIZETHIEMASKR & % A AEED S rz, BB
BMFEDOEEVHARBBRER IR X )10 VU EERE
AR LAEICHE L 2,

REFOWE I, AB%0IMY) VEEEH R (pH 7.5,
1% Tween 80&H) CEHE10~500FR L CHIET 5
7%, FREBCREFRRILFALLEEL

FEHREHT, MiERE & FAMEEER & AT R
HBEX50% & LTE&MBR2FA2T,

PRIR %5 I #HENER (500mgE M 5) DM iE 22w T
HPLC% 3 & U'BioassayiE DO MRIEETER L2 E 2 5,
HIEBEOMEMEIZE < (r=0.998), MEDRIEMEIC1:1
DIFIEAFRD ST Z &2 5 MiFRIIESEA S I IFE
LzwbotEzohi, $7-HPLCOZOR F ¥ 4
FZAZMOE -7 DA BRB SR, RBOEY— 21X
ROLNRPo7:Z e bMFERIIIRBYIEE L2
WZ LRI N,

MiEB & CRFPAZMIZ —20C THEBBREFEL-HBE, 1
s ABESNICETHRME) ILETH L 2 EHHERS
N7z, BIRBRETIHRIZBWTHO TR ICREEDNK TS

method. RO LN HEE OHPLCHIE ¥ 72 13 BioassayiEi2 & 5
Table 4 Stability of azithromycin in human serum and urine under various condition
Storage Residual content (%)/Storage period
Sample ag -
condition 0 time 2h 4h 6h 24 h 1 month
Serum RT 100 97.1+2.6 96.7+3.8 101.3+7.5 97.6+4.2
-20°C 98.8+1.6
Urine RT 100 96.7+1.5 91.9%+0.9 91.3+0.4 87.1+0.2
4°C 100 99.7+1.4 99.0+3.4 105.6 £1.6 101.4+1.6
-20°C 89.7+2.8

(Mean*SD, n=3)
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Table 5 Microbiological assay for azithromycin (a summary of assay condition)

Test organism

Micrococcus luteus ATCC9341

Inoculum size

7 %107 CFU/ml

Method

Paper disc method

Test medium

Antibiotic medium No. 11

Minimum detectable concentration

Bile: 0.02 ug/ml

Serum: 0.006 ug/ml, Urine: 0.04 pg/ml

Standard solution

Serum: Serum or serum - 0.1M phosphate buffer (1% Tween 80, pH 7.5) (1:3)
Urine: 0.1M phosphate buffer (1% Tween 80, pH 7.5)
Bile: Bile - 0.1M phosphate buffer (1% Tween 80, pH 7.5) (1:1)

Incubation

28°C, 18~20h (37°C, 14~16 h)

SRECET HRMATRIEE LN EER ORI,

4)

X 79
$541[0 B ALFEREFRR A AL R, HE
3 VR A L Azithromycin, RE, 1994
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mother 31: 1939~1947, 1987
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ease, Montreal, July, 1990
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1954, 1987
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Method of measuring azithromycin concentration in body fluid
by bioassay and high-performance liquid chromatography

Yasufusa Sawada, Hideya Muto, Kazunori Enogaki and Kino Shimooka
New Product Development Center, Pfizer Pharmaceuticals Inc.
5-gochi, Taketoyo-cho, Chita-gun, Aichi 470-23, Japan

We established a microbiological assay method and modified shepard’'s high-performance liquid
chromatography (HPLC) method for the quantitative determination of azithromycin (AZM).

In the bioassay method, the AZM concentration was determined by using Micrococcus luteus ATCC9341
as.a test organism and antibiotic medium No. 11 as a test medium.

In the HPLC method, the concentrations of AZM and its metabolites in body fluids were determined by
HPLC combined with an electrochemical detector. AZM and its metabolites were well separated from
organic components, and good linear calibration curves were obtained.

The serum concentrations of AZM in healthy male volunteers after oral dose were determined by HPLC
and bioassay. The results showed a high correlation (correlation coeffect: 0.998).



