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Table 1. Timeling" of Antimicrobial Therapy

Year Year Year Year Antibiotics
1910 Salvarsan 1962 Cloxaclllin 1980 Piperaciliin 1888 Teicoplanin

1912 Neosalvarsan 1962 Fusidic acid 1981 Amoxcilin/ciavulanic acld 1989 Cefpodoxime
1935 Prontosll 1963 Fusafungine 1981 Celperazons 1989 Enrofioxacin
1936 Sulfaniiamide 1963 Lymecyciine 1981 Cetotiam 1988 Lomefloxacin
1938 Suifapyriding 1964 Gentamicin 1981 Latamaxat 1889 Moxifioxacin
1939 Sufacetamide 1966 Doxacycling 1981 Netimicin 1990 Arbekacin

1940 Sulfamethizole 1967 Carbenicillin 1082 Apalcilin 1890 Cefozidime

1842 Benzylpenicillin 1967 Rifampicin 1982 Ceftriaxone 1880 Clarithromycin
1942 Gramicidin § 1968 Clingamycin 1982 Micronomicin 1931 Cefdinir

1942 Sulfadimiding 1970 Cefalexin 1983 Cefmenoxime 1992 Cefetamet

1843 Sulfamerazing 1971 Cefazolin 1983 Ceflarzidime 1882 Cefpirome

1944 Streptomycin 1971 Pivampiciin 1983 Ceftiroxime 1992 Cefprozi

1947 Sulfadiazine 1971 Tinldazoie 1883 Norfloxacin 1892 Ceftibuten

1948 Chlostetracyciine 1972 Amexicilin 1984 Cefonicid 1992 Foroxacin

1849 Chioramphenicol 1972 Cefradine 1984 Cefotatan 1892 Loracarbef

1849 Neomycin 1972 Minocycling 1984 Temocilin 1982 Piperacilin/tazobactam
1950 Oxytetracycling 1972 Pristinamycin 1985 Cetpiramide 1982 Ruflakacin

1850 Peniciliin G procaine 1973 Fosfomycin 1985 Imipenem/cilastatin 1883 Brodimoprim
1952 Eryihromycin 1974 Talampiciiin 1985 Ofioxacin 1893 Dirithromycin
1854 Benzathine peniciiin 1975 Tobramyein 1926 Mupiracin 1993 Levofloxacin
1955 Spamycin 1976 Bacampiclilin 1986 Azfreonam 1893 Nadifloxacin
1955 Tefracycling 1975 Ticarcilin 1986 Cefoperazone/sulbactam 1993 Panipenem/betamipron
1955 Thiamphenicol 1876 Amikacin 1986 Ticarcilin/clavuianic acid 1833 Sparfioxacin

1855 Vancomycin 1977 Aziociin 1887 Ampicliin/suibactam 1994 Cefepime

1956 Phenoxymethylpeniciiin 1977 Cefadroxil 1887 Cefixime 1939 Quinupristin/daffopristin
1958 Collstin 1977 Cefamandale 1887 Roxithromycin 2000 Linezolid

1958 Demeclocycing 1977 Cafoxitin 1987 Sultamicilin 2001 Telithromycin
1959 Virginiarmycin 1977 Cefurokime 1987 Clprofiovacin 2003 Daptomycin

1960 Methicillin 1977 Msziocillin 1987 Rifaximin 2005 Tigecycilne

1960 Metronidazole 1977 Pivmeciiinam 1088 Azithromycin 2005 Cloripenem

1961 Ampicilin 1979 Cefacior 1988 Flomaxet 2008 Telavancin

1961 Spectinomycin 1980 Cefmetazole 1988 Isepamycin

1861 Sulfamethoxazole 1980 Cefotaxime 1988 Midecamycin

1961 Trimethoprm 1980 Cefsulodin 1988

“Data from [nittp://en wikpedia.org/wiki/Timeline_of_antibiotics]
“Tha year shown Incicates when a glven drug was released onto the pharmacedtical market. This IS nota tmeling of the cevalopment of the antiiatics themseves.

Fig 4. Timeline of antimicrobial therapy
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1. A1 2 717]

1-1. E=F, Ao

e

S

Azithromycin 2 Minocycline hydrochloride®] #41% HS 93]
USP #Z+#F% 159 WH ZTF2 AREsAt. Azithromycin 2
Minocycline hydrochloride= United state pharmacopeial convention
(Maryland, USA) A S R T IR Kol 2. 0]
4,4'-Bis(diethylamino)benzophenone< Sigma aldrich oA T3+
o} Azithromycin Al 3ES. 2 AL8-H Aol A5 daA|cke] oA g2
4 (Seoul, Korea), dt=slo]zjA|eke] A==z wl > 2 (Seoul, Korea),
S ZA ke o}x=A A (Gyeonggi, Korea)S AREESI1, A9
$- dFA kel ofxgtx AFAYH (Seoul, Korea), 3t=r3}o]z}A] <k

=
Azxgml s AZAH (Seoul, Korea), o= oFEo] of2~wlAl 74 Z A

o R

S
4 (Gyeonggi, Korea)s AF&3}Tth Minocycline hydrochloride A]3%
Fom AMEH e A5, 3FFY 47 e AxHIZ Y SK A
Z v W& (Gyeonggi, Korea)S AME38F3 L, Ao A9 15F
o] mx=Fd X7 A3l (Seoul, Korea)E A3+

7Ef BE AR B EE 488 AMESH

ol T R AR, EFF AAd AHEE & B Ao tes
AH-&-F AT

- Acetonitrile (DUKSAN, Korea)

- Water (DUKSAN, Korea)

— Methanol (DUKSAN, Korea)

- Potassium phosphate dibasic (Sigma aldrich, USA)



- ammonium oxalate (Sigma aldrich, USA)
N N-Dimethylformamide (Sigma aldrich, USA)
- EDTA dihydrogen disodium salt (Sigma aldrich, USA)

tetra-butylammonium hydroxide (Sigma aldrich, USA)

- Potassium phosphate monobasic (Samchun, Korea)

1-2. 448 71+

- Centrifuge tube (2mL, Eppendorf AG, Hamburg, Germany)

- Conical tube (156mL, 50mL SPL Life Sciences Co. Ltd)

- Adjust pipette (0.5~10pL, 20~200uL, 100~1000uL, Eppendorf
AG, Hamburg, Germany)

- Pipette tips (0.5~10puL, 20~200uL, 100~1000uL, Eppendorf
AG, Hamburg, Germany)

- Centrifuge (Eppendorf AG, Hamburg, Germany)

- Vortex Mixer (Vortex Genie 2)

- Ultrasonicator (Sonics & Material, Inc., USA)

- Speedvac (Micro-CENVAC NB-501CIR, N-BIOTEK)

- Volumetric flask (50, 100, 1000 mL, Schott Duran, Germany)

—_

-3. B47]7]

- Waters PDA 996 (Waters, USA)
Waters UV detector 486 (Waters, USA)
- Alliance 2695 HPLC (Waters, USA)

- Columns

- Phenomenex Luna C18 (4.6 mm * 150 mm, 5 ym)



Phenomenex Luna C18 (4.6 mm * 250 mm, 5 ym)
Phenomenex Gemini C18 (4.6 mm * 250 mm, 5 um)
Fortis C18 (4.6 mm * 150 mm, 5 pm)

Waters Shodex C18 PVA (4.6 mm * 250 mm , 4 pym)



2. A3 HH
2-1. HPLC/UV &Xx7A 73

B Ao = Azithromycin % Minocycline hydrochloride #4]-&
93 EA7|7]2 HPLCE Waters® Alliance 2695 HPLCE, UV
detector= Waters®] 996 PDA % 486 UV detectorg A}F-&3F3th &
A g AH-S Azithromycin % Minocycline hydrochloride®] Z &% 2
AAEelAnaL, kel AP Huwds W ol5s API HEF
A dell A Bop o A e #Astr] S EAH HAsE
z1 g s} A ok

HPLCOlA H#Hsts 1y Mg 24, 2449 2=, ofjsidel A
7}3F= buffer strength, 28] 1 o]%F r
o] vl& AlES =< &, A& Aot

Azithromycin® 4% 7]£9 °Fd ZHdoldd ODS PVAZH <]
B¢ el U "olA oL, ofdd sstrdl Aol k]t
de AHo=mAd, HAALHN dTEes s C18 A
Phenomenex Luna CI18 (46 mm * 150 mm, 5 ym), Phenomenex
Luna C18 (4.6 mm * 250 mm, 5 uym), Phenomenex Gemini C18 (4.6
mm * 250 mm, 5 ym), Fortis C18 (4.6 mm * 150 mm, 5 ym) &=
Agsiatt. Z2d 2k VI Y xHolW 40CTE £33 3
0CHH 50CE HAAst At o] &/dol H7tsl= buffer= 7]
F9] okd Z7o] W phosphate bufferE MElstHar, 7]£¢ kA
Z0E pH 119 A¢ #Ax7d F8& Tva #dEo] oF
el pHE 45%H 11744 A9r i, HAe =1s F7] 98t

0 W= #tth buffer strengthd 2% 10 mM 8 50
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344 nmE AlgsE A9 2 A

A 22191 280 nm=E LA

o]9dd 280 nme} Ao BEA %
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2-2. A& A A7 protocol A

Azithromycin %9 4% FddA= 2 50 mg (97HAS A
A3 A Do} 27} Acetonitrile : Water(3 @ 2, v/v)S Yol FHo] i
¥ 2 mL AS AEdsA 92 vl Acetonitrile : Water(3 : 2,

K3
v/V)E Yol 50 mLE2 o ZFdoR ARt 7|EEoqlt} o

HN
1-

=
=%, AY =271 g=2A AE Lol Aolrt Jdom, UF I
I ot w2bA Azithromycin 5%

W AAE e B 24 AXAF)7] st BAZAL AMeY

MAE olFAare] Z7o| A= 30mM phospate buffer : MeOH (2 :
n2 50 mg (97h& AEsiAl €oF MeOH : Water(8
2, vV/V)& Yol = MeOHOl =9l YHEEFNS 2 mLy GEsHA
Y2 g MeOH : Water(® : 2, v/v)S Yol 50 mLZ 3o H

2 ANE Axste Ao sk
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Y FFHe] 49 44-Bis(diethylamino)benzophenone 1.5 g& 4
Lo MeOHoll = Alxstqom Apdeto] Buetqian, 43 & wjnt
o A2 Alzste] AMESTh ME AR 34 045 yme] HWEd
A E & oyate] offS HeHo 7 dtya 10 upLE FYste]l A4S
Aot wEbd WREERe] ld A= WHEFHo] FIt

1L, Al ZFA A Az AE G 7E AR AT

Minocycline hydrochloride®] 749 Z&=FAA+= ¢F 50 mg (97
ANe AdstA Zof =& 9o o AZsA 100 mL=E ko] 72Hz}
A A FFEdor AZxstes WAOE T|EH el A5

o] A vl olAN, T A HYA e AS AT
4 At Minocycline hydrochloride *]#}-& <1319 749 FEA] 7)o
s

wel o 10 mg (97D2 ARl Dol WP LEoln = 10 mLA S

sglom, %o 49 Ane) FEge] ul Wolx:L, McOHS| 4%
%< Epiminocyclineo] 5ol o2 Ao qut =7 et 34
\J

gol BAE F& sloz dehkoh J1E okde AF gue 4%

13 a2k



I el AA FSUMSHA &kar, VE el Ayel nuds Al
gz M7l A AdE BoFT wEbA Minocycline
hydrochloride %% %9 A& 49 < 50 mg (97hA S L3

o} o]EAS Ho] = A sk35}
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Azithromycin®] 73-%- A4 FF=7b W w7] wiel, ¥EEt

AAEZFY] FE5E 1000 ppmo 2 Tt 719 5

& 10 pL= WAtk EFES AFEEke]l 100% w91 100

& 7IEOR 80%, 90%, 100%, 110%, 120%° A& A& ¥
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15 522 33
Repeatability= 44372 d#AAES onjsls Ho= 3 Alx
63] WhE FAste] A ETHAHRSD%)<1 & HEE St

Resolution< & Aol A2 QIFgd & &4 o= A
Ao #elEo Ade=rtE vHElle Ao ® HPLCY 2
2ulE ) Ao J3a == M 7S 93 7F B8] % (resolution)
155 HXE il ol& 63] whastel Fdy ZFAAE AL
ol EUE 95 % AlF S AHEE AT

Market drug monitoring< Al¥#FS X719 g 71E384] 100
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A4S WA A Bkt Waters Shodex C18 PVA

7]
(46 mm * 250 mm , 4 ym)S AFE3ste] 7|E O =S AgE R
XS Aol b3t Alzto]l Fde] wWol Axlom, Ayl AA|7E 3| 4sk
of tFAol ol "o|A 5 yme FXAE F8kA XSl 4 pm=
sttt =2 pHE AY 5 & ZHo|X 9 Maximum flow
rate 0.8 mL/min, recommended flow rate®] 7% 04 ~ 0.6 mL/min,

FastH o] 1800 psizA dudoz o W de = F Atk
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Fig 6. 7]& k™ol A9 Azithromycin % Internal standard®]

HPLC-UV AZvEIW A) XFF 2714, B) A9 =74, O) AHY =4
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uebr  AdS ODS  AdHAdAME ThedA AHRgton,

Phenomenex Luna C18 (4.6 mm * 150 mm, 5 ym) Aol 23

93 2P B th(Table 1).

Table 1. Azithromycin A% 23}

Column Chromatogram Area
!
Il
Phenomenex Luna C18 l/’ 1409456
1and _/.-’
(4.6 mm * 250 mm, 5 um) 7 f’fﬂj
e
3 i
Phenomenex Gemini ODS : I." "'-\_’/_/-“ 1408714
(4.6 mm * 250 mm, 5 um) = I__,_f—ﬂ“f" g
- ——
i R o T (i
}
‘I
Phenomenex Luna C18 ||L 1408035
(4.6 mm * 150 mm, 5 ym) - M
5 e
| N —

olx 4 HZA 3} =7 ® Phosphate buffer®
o ODS ZHo| A= pH 75 F+o FAdAA

E HAET & AAJH(Table 2).

Table 2. Azithromycin °©]&4F pH & A3}

b

A zxg pHE =4

| 7]

7HE Fe da A

N

pH Chromatogram Area
=
4.5 E el X
4;_ AN
‘\' -
19 Sk
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HEFEE AHEYSE o, 10 mM ~ 50 mMS Alggem, 30
mMol A £& vameky w34 7]S Bo]FYH(Table 3).

Table 3. Azithromycin ©|&%42] buffer strength % %3}

Buffer strength (mM) Chromatogram Area

10 = [\l 1325864

20 | 1394423

30 - |\ 1408714

40 e A 1394176

50 e [\ 1383688

719 oFd Z7oA] 2AAY  Acetonitrile®} MeOHZFe] =po]H S
dotr 7] Yol AFL IPeArt 1 Ay WEZ3} olFAto BT
MeOHS AFE3S Ao 939 EYo] ¢ F2 AS & & AT

(Table 4).
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Table 4. Azithromycin 4] o] U #7780 A3+

Organic mobile
Sample solvent Peak shape
phase
Acetonitrile Acetonitrile A
e
MeOH MeOH
MM N "

44 2=5

30 ~50 °Ce] WHejolx A A3t 50 °CollA 7+
=2 I A7IE HoFAtH(Table 5).

Table 5. Azithromycin 49 2% A3}

Column
temperature Peak shape Area
°C)
|
] |
30 ] I 1325593
-
. ﬁ
o [l
40 " o 1355978
]
I
; |
50 i o 1411652
WJJL/
) & =] —
: B L



S0 2 f7]8mf ¢t Phosphate buffere] v]&& ZA3dle] mE&
Z A3 2, Phosphate buffer : MeOH (20 : 80, v/v)¢] ©]
A = Ak (Fig 7).

=K \L
S — NE—
=) [ = sl [ am m (13 Bm ]
o

= [ = am W

Fig 7. Phosphate buffer : MeOH (20 : 80, v/v)ZZA A
Azithromycin 7% HPLC-UV A =ZwlE 18]y

Mo s EEE A% dE A¥d 4% H92 U] A

o A% WS AFdden, i5FE, 4 21U 215 nmet Al =
7121 210 nmollA] & #o]E Holx &grom MeOHY cut offS 1L

T T T T i T - -7- = .--l- =T ‘1.
200 400 GO0 BOD 1000 1200 1400 1600 180
Mnutes

Fig 8. 190 ~800 nmol A2l 7= Ao

23 s g kel gy



ShAIRE A AR FES AWM nH IS Aol I S 9
S

3t Response surface methodologyS #3835}l om, 23] ZAyjo
gdeke nA= WE A 7FA (o] 542 pH, buffer strength, 23 &
El

=)E AAste] Al 7HA WasE S HAs AdE 2SR
fex]
AR

ol=Ake]l pHY A 99 ZA3E EUE 60, 75 9.0 #grow,

Buffer strength®] 7% 10, 30, 50 mME& AA3H 1, A8 229 74

$ 30, 40, 50°CE A A3t 1 A3 pH 7.5, Buffer strength 30

=

mM,, 23 &% 50°CollA HAe AxE HAFAth(Fig 9, Fig 10).

Design-Expert?Software
Factor Coding: Actual
Peak area ratio

X1 = A: Buffer strength
X2 =B: pH

Actual Factor
C: Column temp. = 49.84

T S e e IS NS
B
POS GO S AN ONANNSEC

-— SIS SN “‘\‘\, AN
- PRsiAtAR Y
= aw

60071000

Peak area ratio

Design-Expert?Software
Factor Coding: Actual
Peak area ratio

X1 = A: Buffer strength
X2 = C: Column temp.

Actual Factor
BipH=7.47

Peak area ratio

A: Buffer strength

C: Column temp.

30001000

24 2 A 2dstw
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Design-Expert?Software
Factor Coding: Actual
Peak area ratio

X1=B: pH
X2 = C: Column temp.

Actual Factor
A: Buffer strength = 32.09

7 Z/V 4!!’
Ijr;’{l.!f,‘i;:'l;ﬂ‘r'

Peak area ratio

A
Vet ey

777

s Azithromycin

m.,_,--'-%.u_hm;\.._m-m"l ll"\,-.mm-m«—wq-J L»h—a‘—w.hﬂ.-—n'-u‘-r
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L 1 ke 1 ak ™ 3 1k w20 o - am am iz
ranm
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Fig 10. M&A &388 2349 Azithromycin 2 WH3%
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1-2. Minocycline hydrochloride

12). =& WEFEE A7k 9sle] #4580 u$-
7]

Bkttt whebd wEE AIbs kg

AT AA kel 2AolAE 208 A7 BA ol H (Fig 13), 71
of Tt gol bz Aoz HAHth uebd vRE AS 49

dER R

Aol FdoE xEd 2 AES o 02 mol/l vE9 YEF
SArEo]E9r NN-tHEEZEo =, 0.1 mol/L g c]ellg Eg}
OPAEAbolFARCHEFEY AUl 1 5 ol - FEUYEFI| =
SAEANO R pHE 652 93 Hojgla, 274§ Aol 45 pH
622 w3 Hojgth wmEkA x7e Bd A HAHstE B4
S vhdshy] gl AdES dYskaich

Ade A"l AsS AAsr] 9% Epiminocycline ¥}
Epiminocycline®] £%=& AM&stlon, F 549 #g =744 1

@ A40e A

26
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Fig 12. 5%, A&, A 24449 Minocycline hydrochloride
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Fig 13. % 1.0 mL/min® +% 1.5 mL/minolA el HFE A7+ =}ol

lo

Minocycline hydrochlorideg =& ¢ & oFd Z A9 o]FA+
2 @d&g sto] E4& Fdet J2FES HAoH, HE
AlZrol Aojx &Aoo @kl AU Fd =19 o
F7lel= el Ui FokA Al Hof ZIAC Fe & FATH

Minocycline hydrochloride®} Minocycline hydrochloride <1 3Lof| 4]
10l Aol= mA o]F 4] pHAU. ol pH7F At ofw
g FFS A=A &7l Aste] pH =4S Al=sBoktt. 2 Aol A
< Holx %o pH 65004 F ¢ H& EHEE HAFAY
(Table 6).

il

TE A7

ftlo
e

Table 6. Minocycline hydrochloride ©]&4 pH & A3

pH Chromatogram
|
1
6.2 ‘ RIS R
minocycline
6.5

Epiminocycline
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HaolA 71%HE MEE ARe BF7 SAdE 54 249
Wah wagon, @4 okdel xAe HEFERORA 5780
2 ngu FohstelE o] AEsol MTE ARk x4l Brbsd
th mebd] Qo] RS Fold Avel WelE Helsy] Astel WA
FrE SHUE g FEE wFolugth H¥I FEelA:

o AolE molq ghgkon, vREE Akl 239 Aol7h AN

tH(Table 7).

Table 7. ©]57 W Ammonium oxalate &%= %43}

Ammonium oxalate

Chromatogram
(mM)
Minacycline ||
200 N ; ,
Epiminccycline
e —— = o i —
I
- I"I
- I"-1ir!|:::3.-'clir!E!',
. | l
10 ||
! [
| N i | SO T
Ty G e mE o HE mm Gm GSe mm LR M MR R mE EE RE M EmE mE BN S mm s mE mw
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il

(=]
g 2% Frhste = do] AEyo] WEE Azke] Ao B
Ao TEE FoA Ao WztE s
Az odAt)oll g Eg ol Eqto] A0 UEFS F%
T 2 AelE HolA ¥ton, o

4l
of w9 AFe]7} B ¥ Atk (Table 8).

Table 8. ©o]%4 Y EDTA dihydrogen disodium salt 5% Z %3}

EDTA dihydrogen

disodium salt Chromatogram
(mM)
Minocycling |

100 - L |
T Epiminacycline /) .~
1

Minocycling ||
10 ;

Epiminacycling ._

30 ! ;H "‘E 1_'.]'| 'c:ﬂr U



=}
N
o,
o
fu
Z
Z
O
=,
i}
kel
1'.'[
_ﬁ
{—ﬂ
o
ol
ofk
o
o
o
f
)
do
ol
£

o] ofAnT FEE R gth NN-UWEEEoln=r 7ags
= H39) A7) paaden, Bdgel AR NN-tvE

n =7k AA o] 15%0 M= eFdolAel Axtel thE BG5S
1 tH(Table 9).

Table 9. o] W N ,N-Dimethylformamide ¥]& & % 3}

N,N-Dimethylformamide

ARl TE 1S %) Chromatogram

Minocycline

25

Epiminccycline

H




ZH MEe 7ol o A& Ao gl tH(Table 10).

Table 10. ©]5% W F7}¢ Organic solvent & &3}

Z7}4 Organic

) o Chromatogram
solvent ¥ H|&
Minocycline
Acetonitrile -
15%
| Epiminocycline |
Minocycline ||
Acetonitrile
10%
Epiminccycline
Minceoycline
MeOH
10%

Epiminacycline .

M
o
ret
N
iz
2
=
)
gl
o
>
2
i)
ot
N
[o

f

ol

2

Response surface methodology =

= WA W Al PR SAEelEde] sk, ol "Rl
oA Efbol Aol EFEH Y] 5, ]

% Ege A48 2Ne 22l e

R

Gy SAUeEQe] wxo A% fo A¥yE Ediz 0.02, 0.06,
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0.1 MS #skon dgdt]olile Egfoly EAalo] 40U EFA ] 52
745 0.01, 0.03, 0.05 M= *é%ié} A, Ay 229 A 2
°CE AR 1 A3 gy SAUE % 007 M, gt
Pl E| EgfolA| EAbo] Aol UHEFH Y] F%= 0056 M, A7l 2% 40°C
oA HA ] ANE HoFHFig 15, Fig 16).

MR olsde 2ANME 7|& WS AA By 2 W
9] WellA mitF AlRbo]l AFAXTE wek 7] Al Al ol u
oAl FE7t 7HA &

2 AYF # QE =do] Y

BN A

mloxe
i
re
&
lo,
o,
o
=
=
o)
le)
<
0,
=
1)

hydrochloride®| A & % 3}¢ o2 Td& A=EFdoen, PDA
2 9As Ay B Ad 71F9] 344 nme 337} 280 nmeoll A2 =
olfe]l AA A7, E=FH A A= =0 280 nm=E L
A7 A2 AASAtHFig 14). Ao A 299k oko] o ujn
AtolEde]l Ao wicAto]lSHy} ZstAl EeHo] AHEE
k=t oA EAIZE HA &Skt

350.004 O

E 300.00

250004

200 4.00 6.00 8.00 10.00 12.00
Minutes

Fig 14. 280 nm%} 344 nmoll A 2] vx=Alo]Ed Ao ZFEx}o)
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Design-Expert?Software
Factor Coding: Actual

Peak area
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Minocycline

- Epiminocycline /\ N
l: e, ’ \\_,_\___

Fig 16. A4 &d¥ ZHA 2 Minocycline hydrochloride % A]&~®A

s A4
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1-3. B4 z7A 33 25

LC 2 UV B4xAe HHsele] AEHow gy g 24

2712 sty sttH(Table 11, Table 12, Table 13, Table 14).

Table 11. A 3}¥ Azithromycin #4 %7

- Column : Phenomenex Luna C18 (150 x 4.6 mm, 5 um)
- Mobile phase :
30 mM Phosphate buffer solution (pH 7.5)/Methanol = 20/80 (v/v)
- Flow rate : 1.0 mL/min
- Wavelength : 215 nm
- Column temp. : 50 C

- Injection vol. : 10 uL

36 , _,H "‘l 1_'.]'| '@1[ T



Table 12.

H A3 ¥ Azithromycin 5% 2 A A9 Chromatogram

Chromatogram

M

M
B

48

}\] =2

IS Azithromycin
- 'l |
i
- i \
il |II |I \
1
- g 8 1 l fi ]
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Table 13. & 3% Minocycline hydrochloride ¥4 %7

- Column : Phenomenex Luna C18 (150 x 4.6 mm, 5 pm)
- Mobile phase :

0.07 mol/L Ammonium oxalate : N,N-Dimethylformamide : 0.05
mol/L Ethylenediaminetetraaceticacid dihydrogen disodium salt(11 :
5 : 4) adjust in pH 6.5 with tetra-butylammonium hydroxide

Ammonium oxalate solution : Ammonium oxalate dissolved in
Water : ACN (65 : 1)

Ethylenediaminetetraaceticacid dihydrogen disodium salt solution:

Ethylenediaminetetraaceticacid dihydrogen disodium salt dissolved
in Water : ACN (65 : 1)

- Flow rate : 1.0 mL/min
- Wavelength : 280 nm
- Column temp. : 40 C

- Injection vol. : 10 pL
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Table 14. HZA3]¥ Minocycline hydrochloride X“F&%

Chromatogram

)

A A €]

Chromatogram

Minocycline —

by

N

e
IR,

W
]

oL = b als - ==
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a.wa ]

o
=
R,

s
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=
=a ]
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s
aca F3= e o x e 1z.00
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2. &AW dadolA

2-1. Azithromycin

Sy 24 i Bejdelds A Ay A4, A9,
A, s, A, 2EE, AR S BEUH P Y & 78

Azithromycin®l W3ste] =2l 80, 90, 100, 110, 120% &%= <
oA 3 WY  FAste] HIFAS A A, B OAE
Azithromycinoll tfste] R>0999¢] 453t AdAdE YHERUSITH
(Table 15, Table 16, Fig 17).

Table 15. Azithromycin® 7] &% (5% @9 : pg/mL)
809% 90% 100% 110% 120%
Azithromycin 800 900 1000 1100 1200

Table 16. Azithromycin®] 24 2]

Slope Intercept r Range (%)
. . 0.0123 + 0.1911 =+ 0.9991 =
Azithromycin 0.0001 0011 0.0001 80 - 120
1st 2nd 3rd
Efl / éxi / a /

Fig 17. Azithromycin®| 7 &X4
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1+ %9 80, 100, 120%A1 %5 &+ 3 3], 3 L3+

AR 7
A ske] Aok be] FoiEERA RSD%) <18 HHER 313

A3} 0129 ~ 0989% = ToekEs FAwe] wWagolsd v
Zbol=ekel | 9 7]F¢l 1.00%°)stE A &3S 3+ tHTable

Table 17. Azithromycin® A EA

Precision
Validation (RSD, Relative standard deviation : %)
Intra Inter
0.376 0.727
Azithromycin 0.148 0.888
0.129 0.273
382 Azithromycin®] H%=7} 942 80%7} F»] = 3 AR
EEN e 7hshe] ol 100, 110, 1209%7F ¥70 sh] 22 3 5wt
del BAga wE SEe vusel e AU A5 922
1~99.438% 5 k13t th(Table 18).

Table 18. Azithromycin 9489 3 +&

Recovery (%) RSD (%)
10095 99.221 0.188
11095 98.438 0.084
120% 99.237 0.172
AN F3E g RUEE S Azithromycine] E0lsE 982 AAS

___:rxq _'k.‘_'\-'l _ -I_-]i

41 i



o, FAae gidste] ZYEE sk 2
= &2l tH(Table 19).

Table 19. A]¥3% Azithromycin A A Al 3H3% sk RUEHH

Content (%) RSD (%)
4= 95.581 0.255
A A 95.170 0.334
A B 95.882 0.299
4 C 95.794 0.104
AlE A 95.317 0.031
Al B 95.680 0.157
A9 C 95.095 0.206

BERAAS 3 AEE 6 3 dHE BASES o Aozl A
YEZWUA (RSD) 2 selstgich. 4@ 0193%2 O FES #
ARge] wgldolde] ik Zhol=2kl, o 7]=<l 1.00%°]st= 2 e
& ghelsk i tH(Table 20)

Table 20. Azithromycin HFE-A]

Repeatability (RSD : %)

Azithromycin 0.193
FY=E AAsty] Q& FAE WHEEFEEQA 44 -1 (9
ol )l 29| =3  Azithromycin 9] E# =5 A oH(Fig
18).
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o]
2} iy
Ho R 63] RHEgl Zji?JrOﬂ EHTSL e #Y=E A= 29 J7e
3

s | Azithromycin

Fig 18. 7} % +4 el WHF =9 2 Azithromycin

Rs= 1.18%(tga — trn)/(Wira+Wisb)

Wiz, Wi @ Z82Ee] 913 320]9] 1/2 91X e A 9] Ha %

¢ ARvtEIY Ao 44 -v]a(t o Eoln] )l =2 wH
A7 oF 5591# 0] Azithromycin® W& A 7HS oF 6595 #

of T3 7 3 Eolo 1/2 YA elM e 44-n] A (H ol o] k) ul
Hi=o] Z2 oF () ]15F o Azithromycin-‘ﬂ Z2o ().]19%F o]t}

485, EF=H A= 9F 0.001°] AT

9% A=zt =

Bt £ (2571 x FFAHA) / VRIS

o5 HEFo® 9 A3 o]&dto] 95% ¥ IS ALtEA o

4,4'-8] 2= (] ol & o} 1 )Wl 2 7)) 1= 9] Azithromycinsq 93 B % 95%
N2 TFE 3481 T 3487 oR REmi 3482 AAa, o] okE

=4
¢}

Z
&

BAye] el Hel 3k ol mekel, o s1Fe 15 o] oR

e Ak

Azithromycin 4 2 A9 34&& ALstA o™ Azithromycin
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A2 AR FE7F FFe 80%7F HEE 3 A A S
7bate] ghel 100, 110, 120%7F = Al 8kef 2zt 3 3] whEsho] 48}
1 EE w=s Wuste]l IEEs e A A A2
95.164 ~ 104.498%% <135t3ich. Fﬂ & 95134~9757%% =13k
tH(Table 21, Table 22).

Table 21. Azithromycin &2 345

Recovery (%) RSD (%)
100% 104.498 0.079
4 A 110% 95.443 0.558
120% 95.323 0.144
100% 95.163 0.026
A B 110% 95.440 0.439
120% 97.933 0.027
100% 97.004 0.094
4 C 110% 96.331 0.060
120% 99.198 0.055

Table 22. Azithromycin Al 89| 3]4&

Recovery (%) RSD (%)
100% 96.891 0.137
AE A 110% 97.565 0.070
120% 95.219 0.052
100% 95.508 0.494
Al B 110% 95.394 0.221
120% 95.134 0.062
100% 95.505 0.428
Alg C 110% 95.619 0.270
120% 96.231 0.672
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2-2. Minocycline hydrochloride

Minocycline hydrochloride®l] thale] xEF=<4e] 80, 90, 100, 110,
120% 5% ®elelA 3 HA EAste] fd&dFds Ads 43, 2 A9
M-S Minocycline hydrochlorided] taled R>0.999¢] %53k 2 A
S e tH(Table 23, Table 24, Fig 19).

Table 23. Minocycline hydrochloride? 7| 5% (5% @9 : pg/mL)
80% 90%% 100% 110% 120%
Minocycline
) 800 900 1000 1100 1200
hydrochloride

Table 24. Minocycline hydrochloride®] & A 2]

Slope Intercept r Range (%)

Mi li -
mnocycline  460540.3733 + —-445477.0667 + 0.9998 + 20 - 120

hydrochloride 33.4586 20018.1863 0.0001
1st 2nd 3rd
20000000 20000000 20000000 |
19000000 y = 160574x- 436893 19000000 v = 160507x - 468356 y = 160539x-431183
— 18000000 R?=0.9997 = 13000000 R*=0.9999 — 18000000 R* =0.9897
a 0 o
£ 17000000 & 17000000 B
18000000 ip 16C00000 i 16000000
© 15000000 § 15000000 [
§ 14000000 g 14000000 E 14000000
= 13000000 g 1300000 i
12000000 12000000 12000000
Siobotin 11000000
10000000 B —— 10000000 ——
70 80 90 100 110 120 130 70 8¢ 50 100 110 120 130 70 80 90 100 110 120 130
Concentration(%) Concentration(3) Concentration(%)

Fig 19. Minocycline hydrochloride®] 7 &4
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L
T
s

UL 7% w9 80, 100, 120%4 25 3% 3 3], 3%
wAste] Atz kel AW EEAA RSD%) <1 ZEZ 3.
@ A 0061 ~ 0731%= [O|FET BAHe W Ho Ao o
Zel=gkel; o] 71EQ 1.00%0)3t 2 A3 2ol st tH(Table 25).

R

¢

>

Table 25. Minocycline hydrochloride® A4

Precision (RSD : %)

Validation

Intra Inter
0.118 0.360
Minocycline
) 0.194 0.731
hydrochloride
0.075 0.061

£F wwsh vastel stk 4

) a
3 A 99.889~100.522%F &<lakdth(Table 26).
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Table 26. Minocycline hydrochloride?] 3|4+&

Recovery (%) RSD (%)
100% 100.522 0.435
110% 100.124 0.548
120% 99.889 0.576
Al#3E st R Y EH Y2 Minocycline hydrochlorideo] E¢1+= €
25 AAste] 33 wrEste] EAetar, A tdste] ZUEHH
stk AHA ¥ 96.836 ~ 109.669% 5 <13t tH(Table 27).
Table 27. A]¥3 Minocycline hydrochloride A A Al &3 d=F U EH
Content (%) RSD (%)
9= 102.935 0.369
HeE A 109.471 0.397
<& B 109.527 0.587
e C 109.669 0.105
A A 102.353 0.315
A1 B 102.699 0.306
Az C 96.836 0.287
MRS B ARE 6 35 W3 BASAS u ojzl wAgte) 4
YEEAA ®RSD) = Sty AW 0189%% oJbEE ¥
Aol W ol Aol dlg shol=ekel, o s1Ee) 100%0lsh® A%
& g8t tH(Table 28).
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Table 28. Minocycline hydrochloride®] ®+HE-4]

Repeatability (RSD : %)

Minocycline hydrochloride 0.189

Minocycline hydrochloride & % 19 =7} F5H9 80%7}
A

Hw® 3 71K WEH 1714

Table 29. Minocycline hydrochloride &9 344

Recovery (%) RSD (%)
100% 102.936 0.369
He A 110% 103.583 0.183
120% 100.688 0.153
100% 102.161 0.304
A& B 110% 102510 0.272
120% 100.841 0.186
100% 102.074 0.456
e C 110% 102.616 0.458
120% 99.030 0.278

48 A =2TH ©l



Table 30. Minocycline hydrochloride 1119 3|+$&

Recovery (%) RSD (%)
100% 102.394 0.355
A 110% 100.164 0.460
120% 100.63 0.434
100% 103.063 0.314
Ax 110% 100.253 0.342
120% 101.102 0.551
100% 99.743 0.334
A 110% 98.341 0.327
120% 97.280 0.612
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V. 28

1. HPLC®} UVE 7|¥to &2  Azithromycin %  Minocycline
hydrochloride &% 2 AAe] 4% 9 2 AFHS 4 3)

aFlaL, olol wia Wy el s A

2. Azithromycin®] 745 ©|&4< pHE #HAaAA ZAE 2 Al=d=
of Faldt o] gslE o AH A& o] dFAdY HASE
o]FA HAtt HFEE AIFS AdFA B FEo] F7HES

FE L 4 AAY MTE AR} AR FE

=
=
24 A4 AP B &) AMRS @A AAA R BEAEE

A 5
7FAN AT} ®E3F Response surface methodology S #83F &8 %2 &
Al 271 HAstE Fote] dAdelA AEstrlel AdstEE HHEkA
A MRS gddete Agetn AEd FFo] JheERith

3. Minocycline hydrochloride®] 4% ©°]l&%4 9 (Ammonium
oxalate?} EDTA)S] % Azs= Azl 2 Axgle] g $sst
Ao HEFE AS SR Al2E gES TAAA FHEES
S7HA AT 3 2FE 2 2 AAY HEE 3
2 Response surface methodologyS % -&
Astg Foto] w=2a F g FFo] 7kt

4. b 2 ATE 7 Aol A ZEstE o okE AW
= st 18 Aol HAow, ofokE A FAE AW
% Tetracycline ¥ MacrolideZ] A dW ¥+3 A F8¥vko] ol
W& ARE F50dA B8S Hdistste AW 1A 7hsdol gt

[Rla=aiel s RS PR

N
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Abstract

LC/UV-based analytical method
optimization of azithromycin and
minocycline hydrochloride in KP/KPC

Jo Sang Woo
Department of Pharmacy, Pharmaceutical Anaysis
The Graduate School

Seoul National Univerity

The global markets for antibiotics were forecast to reach the
market size of $42.1 billion in 2011, showing 3.5% of growth rate
on the markets. In regard to the specific continent, Asia—pacific
took possesion of $13 billion (30.9%) out of the whole markets,
which was the largest one compared with Europe ($11.2 billion,
266%) and North america ($10 billion, 23.7%). But although
antibiotics were important, quality control procedures of them
notified by KFDA didn’t consider the efficiency of the analysis,
accompanied by the varied procedures on each drug with a same
compound. So, to improve the procedures, KFDA have been trying
to integrate ‘the standards of the antibiotics’ into KP and KPC,
starting with the adoptation of 85 antibiotics to the 9th KP,
followed by adding the standards of high frequency drugs on the
KP and KPC.

Especially in case of tetracycline and macrolide antibiotics which

3 1 £ 7] ]
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have been used as a main component in various drugs, each drug
containing the same component exhibit the diverse analyzing
method of microbial assay or liquid chromatography on KP and
KPC, that decrease the efficiency of quality control. Thus, an
unified method on all the antibiotics containing same compounds
was essential.

In this study, I tried to suggest the representative analyzing
method of azithromycin and minocycline hydrochloride which were
used in high frequency out of 20 kinds of macrolide and 6 of
tetracycline  antibiotics in KP and KPC using liqud
chromatography. LC  column was  Octadecylsilica  column
(phenomenex Luna C18, 150 x 46 mm, 5 ym) which was universal
on many companies or laboratories. Optimization was proceeded by
response surface analysis, and validation of determined method was
performed based on the FDA validation guideline. With this
representative method, quantification of antibiotics with same
component could be easily standardized to a single system, and
make convenience on quality control of antibiotics. In conclusion,
this research can be a starting point of quality control
standardization for antibiotics, tetracyclines and macrolides in
specific. Furthermore, it showed the possibility of optimizing the
quantification method for modifying other inefficient quality control

on high frequency drugs.

Keywords: Azithromycin, Minocycline hydrochloride,
HPLC(High-Performance Liquid Chromatography), uv
detector(Ultraviolet  detector), Response surface methodology,

Method validation
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