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Abstract

This paper describes separation of eight corticosteroids by the reversed-phase HPLC with
core-shell type columns, which have a core part and a superficial porous silica part, leading to
high performance (high theoretical plate number) and relatively low column pressure drops.
First typical C18 and C28 columns having 2.6 um particle size and a linear carbon chain
structure were employed with the mobile phase containing acetonitrile (ACN) or methanol
(MeOH) as an organic solvent. Among eight corticosteroids, cortisone and hydrocortisone,
those only differ in C=0 and C-OH at position 11, were co-eluted in use of ACN, on the other
hand, triamcinolone acetonide and fluosinolone acetonide, those only differ F residue at position
6, were co-eluted in use of MeOH. However, all eight corticosteroids were successfully
separated within 8 min by the mobile phase with tetrahydrofuran (THF). It was found that
THF is quite effective for the improvement of the selectivity in the separation of
corticosteroids, as already shown in the separation between berberine and palmatine, and
between codeine and dihydrocodeine. This can be explained by the solubility of THF
(octadecane can be soluble in THF), leading to the straight structure of the carbon chain of
C18. Next, other than the straight carbon chain type columns (C18, C28), perfluorophenyl or
biphenyl type columns were employed for the separation of eight corticosteroids. In use of
these planer type columns, successful separation of eight corticosteroids was obtained within 8
min in use of ACN. This means the phenyl moiety of the stationary phase is effective for the
small difference in the corticosteroid structure. Finally assay methods of fluosinolone acetonide
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formulations were developed and applied for the determination of the active ingredient in the
cream and the ointment. Fast assay was successful within 5 min.
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1: Triamcinolone; 2: Triamcinolone acetonide; 3: Cortisone; 4: Hydrocortisone;
5: Cortisone acetate; 6: Fluosinonide; 7: Fluosinolone acetonide; 8: Dexamethasone
acetate
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0.025% (3T I 2 A LTIV 720

22 EBRUHT L
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WEMMEEE L TCSPD-M20A, Y A5 A2y ba—S1& CBM-20A. 75 A4+ —7 V1ZCTO-20A
. Tl TH v —DGU20A3EMMH L7z B, 7ux M I720F=F —1d, HKE 254
nmM& &' 210 nm TV, AT A4 —7 VI3EAL 40C —@ilkE L L7ze i Al 1.0 mL/
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B, CSHA T AOMME RS L7:0120 7 A EHEOREIZNE 01 mmD b D% w7z
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Jiv PR AT ACSHA F 48 LT WEHY -2V ¥ —2 LA L 7zKinetex 5F, Kinetex
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3 Cl18. 5F (perfluorophenyl) # & U°Biphenyl# 5 2 @ EHEBAL



27 Y 2 VEEARHPLCIC X 2 2V F 3 25T 4 Fori T oRIiRpEt 309

—RUHEREN TV DL FT—FHENY 7 b2 HCTEE L, BEHIE, AL KE DR
JH, HBICA Y T LY 74V F—TABL, HHIHL 72,

2.3 SNEBIOEE:
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MATSH mLE L, K<IRYDBETHAML, A ERBHER E 35, IS, FL-ADRZHE N,
(HBHVIEEEK) # 25 mgZHHICEY, A% ) —VEMATIEMIZ 50 mLE$ 5, 2O 5
mLZIEFEICE D, 50% X & 7 — V&M TIEREIZ 100 mL&E$ 5, O 10 mLEZIEFEICE D,
INEEHEE 5 mLA IFREICINZ, 50% A % 2 — L&A T 50 mL& L, BRI E 32, B
R OBEHEVSE 20 uLIZD &, FRlOBERM Ttk 7z u<x v 79 7 4 — 12X DR A TV, N
FHEW IR T AFL-ADD ¥ — 7 R DO QK Q% KD, 3 (1) & W TFL-ADDO & % &
"3 2.

FL-AD®DE (mg) = FL-ADEEMEFORIE (mg) X @Q/Qs x 1/100 - 1)

<BEH] (73— MKE"0025%) Ok >

RKMDOFIRBEIHEN, 7V F ¥/ r 7 b= F (FL-AD) # 025 mglzxfins 58 (HhEH]
Wlg) ZE—7—ITHEBICED, AFH Y 20 mLTHEM L. Dik-HIgEviRE, 2 ZICHi
BEELE LTy i K=4 1 1R 10 mLEMMA. 10 H#L <RY R, 30 5EET 5.
ThE% 50 mLO A A7 5 A5 WT 5o X SRS HBAEE 10 mLEINZ. FAEO#E:
TEZATWV, TRBZELEDOAZ TSI ZATIIMA S, THICHEERE (n-7a 85Xy, XidA
VT RE NIRRT R DOMeOHER (3—+1000000)) 5 mLZ IEFEISIIZ 7272, 50 %X ¥ / — &I
Z50mLE L, #fte 35, BIC, FLADEER (H5HWIEEEK) # 25 mgr #HEICRED, £
7 —NVaRMAZTIEMIZ 50 mLE T 5, SO 5 mLEIEMEICZE D, 50% 25—V ailz CTIE
I 100 mLE %, 2O 10 mLEIEMEICE D, PEEER 5 mLa EAECI A, 50% % ¥/
— IV EMAZT 50 mL& L, BEHEEKE T 5, AAHAR R OBHEAW 20 uLicD &, FilO#(E
SfEcifkru~ 7574 =12 X DA TV, NEEYE IS5 5 FL-ADO ¥ — 7 [HfE D
B KUz kD, 3 (2) # HWTFL-ADO®R %411 5%,

FLADOH (mg) = FLADEEMER O (mg) X Q/Q X 1/100 — (2)
BAESMZ, BrligkE L LCUV 254 nm. 7/ J & 13Kinetex C18 (26 pm. 4.6 mm id.x100

mm) »5VEEEOUREAET LA T A, BT AIREIZ 40C — &, BEIHIZK/ACNIE K
(3:2), Wiz 1 mL/min &¥ 5%,
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31 NIXY (p-EFOFXFSREFBIITI) EEVMONBEIC L SCSH T LD

T RUBEWZ. PHALEY TRERB T A T VML OEIRIEN A F VI 1 DEVD D DR
HrhhobonFHTE %720, WHHPLCY F 2 OWREFMICAH TH 5, #%D 5 um
M- OFTAH (46 mmx150 mm# 5 &) %, MeOH 60% (# F Ai&EE40C., ¥ 1.0 mL/
min) THWA & 5 AEIX 75 kg/cm*TdH - 72D 2xF Ly &% LMo #ok - UHPLCH % T
ARl (22 um, 3 mmx50 mm#A 7 &) HREEGETHVS L, B ITLARIPHVICHEDLLT,
275 kg/cm*E BWEHAETR L7 —H. 27 Y VEA S 4 (26 um. 4.6 mm x 100 mm 7
4) TiE. # 200 kg/cm itk ERWEHTH o720 2. H T 2 DOFEEDPT TAFIR T D4
WTRIMEAETHIENOLHHTE S, o 2HEOaIT7 Y2 VBA S AWV D
SEECBWTIE, BT 2 0MREZ R T B EIE. 150008, FGREBGE ST 65 ume., HEDR
BLZETITo TV Wy (FIZITMEROEVERZE) X 20b 63, T I WIEErsH
S 72, GEkH T AL RSOSMED/2L T OGHE (BN TEK S,

CHNELUTON T 20MEE (H: BB E) ERBHOW®E («: BEHE) & oBRK : van
Deemter®X :H=A + B /u+ CuDAE (A=21dp (L:MiH30 <ANREL. dp : TKTAHID
BFE) ROCHEH (C=Csm - dp>’Dm+ Cs - df/Ds (Csm. Cs : 1%, Ds: EEMF ToOH
BB df  FEM R OES) oFbicksborEions,

A7V VEIOFETAH TR, fERD 5 ume IR L, AHTRdpA/NE WS L DIEn, KT
BEDZHS1bDOPRETELZENPRELSFLH LTS, $72, CHIE, RO 2 FlZIHH
L. 7. BZMHOEZIHMH 05 umTH ), WD THEIVNE L %2 b,

3.2 AHEBEOERMEMEDRE

SEMEICHW -2V F I 2784 FORN, INF IV EFEFRAY 75— 2R 6
HEICOWTIE. BAERLY ICRBEPIERE M TBY, L FOavF Y Y IEE— K%
FHL TV ML, 50 5B TII T _XTREEME LTCI8%7 7 4 (5~10 um, 15~300 mm),
BEIHE LT, KEACNORBEE HV 725 LRoTwd (1), 22 TET, mMICHEHHAR
DCSH T L THAHC28 5 LN CL8H T AIZOWT, FHERAEEE L TIHIISACNEMeOH

F1 HASERFG (JP17) s TwbavFaxsuf FEOHPLC 54

HPLC conditions (Assay)

Sample HPLC Mode 1S
Column Temp. Detection  Mobile phase
TRI Reversed-phase MeP C18 (5 um,4.01id. x 150 mm) 25°C 254nm ACN25 %
TRI-AD  Reversed-phase  Prednisolone C18 (10 um, 4.6 i.d. x 300 mm) 25°C 240 nm ACN25%
H-COR Normal-phase Prednisolone Silica gel (5 pm, 4.6 i.d. x 250 mm)  20°C  254nm CHCl;:MeOH:AA= 1000:20:1
COR-A Reversed-phase ~ BuP CI8 (10 um, 4.6 i.d. x 300 mm) 25°C  254nm ACN35%
FLO Reversed-phase Propyl benzoate CI8 (5 pm, 4.6i.d. x 250 mm) 40°C  254nm ACNS50%
FL-AD Reversed-phase  EtP C18 (5 pm, 4.6i.d. x 250 mm) 40°C 254 nm ACN30%

a) AA: Acetic acid (100)
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WMz, THEZHWT, 8FHD AT v A FAVE VHO B —F 5 HEOME %17 - 72,0

H4 KU 512C28% T A% V0 5#pl 2 /Rd, A AN S5 0% 130T
SHUNELAEZ A, LEE INLARBEOEAGIE, ACNIZ40%. MeOHIZ55%. THFIX
375% & e o720 SHFDMN, MeOHTIE., COR (3) L H-COR (4) 23 hTw5—7,
TRI-AD (2) &FL-AD (7) »#®E#E L. ACNTIZMeOHT 4 i S TWw72COR (3) LH-COR
(4) EMHLCTHEH L. TRIAD (2) £FL-AD (7) 354#ish/ (K4),

ZZ T, THFZHW TR 21772 (K5). ZO#EH, COR (3) LH-COR (4) 25E8 LT
WELOD, TS SIS HRETHEINL Z W ghole TNLDFRERE X,
COR (3) H-COR (4) D4 EsINEICEN7-MeOHE . TRI-AD (2) &FL-AD (7) D4
PICENR-THF 2 RE L T2 A2 A, K MeOH: THF=6 : 4 : 1 OB#H%E
HAnT, BHORWESZIZIZEMRECHENS LI L TEL, TNHDC28 /15 L TDGH
HERRINVEIZ, CI87 T A THAETH o720 CI8H T A TORM (K:MeOH: THF=5:4:1)
TO %R, ACN 40%TO4EEE & H 12X 6 12RT s

A:MeOH 55% B:ACN 40%
200 ! 300
s 4 1 3+4
250 1o
Bl 3 200 5
E - £ 1 7
3]00, o 150
5 2
E-1 © ] 8
H £ 100 ] 5
250 2 ] 6
< 507 o 1
] < 5
0] 07
— —— -50 ——
0.0 2.5 5.0 1.5 0.0 2.5 5.0 7.5
Retention time / min Retention time / min

4 C28% 7 & (Sunshell RP-AQUA) T® 55 HEpI
A : MeOH 55%, B : ACN 40%. Sample number (X 2 i,
Detection: UV 254 nm. Flow rate: 1.0 mL/min

A: THF 37.5% B: H,O0/MeOH/THF 6/4/1

11| |4
1,4 2007 |3

50
0]

L B B e e B B B B e
0.0 2.5 5.0 7.5 0.0 50 10.0 15.0
Retention time / min

— o
@ >
< S

Absorbance (mAU)
8

Absorbance (mAU)
L

Retention time / min

5 C287% 5 2 (Sunshell RP-AQUA) T4k
A @ THF 375%. B : H,0/MeOH/THF=6/4/1. Sample numberid
2 %M, Detection: UV 254 nm. Flow rate: 1.0 mL/min
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A: H,O/MeOH/THF 5/4/1 B: ACN 40%
1 800 1
300 4 i 344
1 700 3
I 600 4 1

200 __ 500
=) B 2
Es ] € 400 ]
£ 1501 £
Py ] @ 3
5 1 g 300
2 100 £ 20 -
o o
3 ] 3
< 50 < 100

1 0

07

—_— -0

0.0 2.5 5.0 7.5 0.0 2.5 5.0 1.5

Retention time / min Retention time / min

6 Cl87% 7 A TO4HEH]
A: H,0/MeOH/THF=5/4/1 and Sunshell C18, B: ACN 40% and Kinetex EVO C18
Sample numberiZ[X 2 M8, Detection: UV 254 nm. Flow rate: 1.0 mL/min

—7J7. TRI-AD (2) ¥FL-AD (7) Y3627 v ENHLDDENTH LD, ZOHBEE
THEX W& % X <@ L7zc THFOACNZ 72:MeOH & 87 2 55 8E@RIRMEIC OV TIE, ZDERE
Hichsrlbhd, $hbb, CISEEMEMDOF 2 ¥ 74~ (CHs) 1&. MeOHIZ I #
L&A, THFIZIZET A Z &5, HEHEACISTIREEMAMeOHTIZHEAA TV S DI
L. THEZ W2 EEEMSh, Vb E2s (R7)777, Z0@EWHCI8H 5 A THOEHE v
NZIZERENBRURY) VeV F OG5, 72 BEXT—2o EHEGOANR
AHAFA eV FaaFq oY CTHE S CRIESEICEH, LELHETH -
- DO~ EEZ BND,

DLl AR BIRYE 2 BT L7285 . MeOHE THF & ORAHEEC X . WO K & L
W72 STMOMEHEDY 10 0 AN TER SN, THEOAF AW RSz 72, HEEHO
HTATHAHCI8N T AL EC28H T A Tid. HHEEREDOEIDHEVEDONL» 72 (K4BE
[6B)

® CH;OH O e

7 REMHOMeOHTDAFEA LMD L OB THF COBBANC X 575 LA (Si: YU A7 N)
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33 FEMEATIHTLICLZERMRE

FAZHWAHPLCIC B W T, BEIMABAKE LTESHHENRTWABACNEZHWI & &L,
CSHoiMHE M & LT, CL8IZM A, FHEEHALTWEEEZONEX—=T VBT =)V
BF) AT LR T 2= VAT LZEBMLT, Lo avFazxsa s F HFE G EEERME
WZOWTHES L72o ACN 40% T O 48R % X 8 121§

] 4 T
800 . (7 Rs:1.6 A 800
700] 3 700
= 1 . 5 £
3 eofrE Rs:5.4 E eooE
E 500l 2 = 5007
g e
c 4007 7 c 400
8 . 5 S
5 300 8 5 3007
3 50 6 2 a0
< T M
1007 A 1007
o] 0]
1004 1007
0.0 25 50 15 0.0 25 50 15
Retention time / min Retention time / min

8 FHMZEAHT S5 T4 (A:Kinetex 5F. B: Kinetex Biphenyl) THACN 40% T ® 454
Sample numberiZ[¥ 2 24, Detection: UV 254 nm. Flow rate: 1.0 mL/min

C18% 7 & (IM6B) Tlx. C28 (M4B) TOH4#E L FAKIZCOR (3) LH-COR (4) 347 #fET
ETWVRWAS, 5FA T A TIRMHIZ5HERELG. ¥ — 27 OB 13000T, €7 2=V H J 4
TlE. COR (3) LH-COR (4) A% HERE22, Y — 2 OBIZHB KA 14000C, 72, TRE-AD (2)
EFL-AD (7) 254BEEE 2.3, ¥ — 27 BIFHE L 17000 TS, & T8 MAMHBE LR L TH 84
UWNTHEES Nz SNHD 2150, C1874 T A Tld, THEZ HW 2 b AUSH H 58T & 22 h
S572bDTH LA, FHMEEZETAIE 72 WVEOA T ALY, HHENBEACNIZBWTY
THEEND Z WG h o Tz,

34 TJ)UFIAXFO4 FEFIOESHER

WRIZIBHE LT, A784 FARVE VA #2 BWHIOERER
ﬁl‘l (%%&07 U N Aﬁl‘l) ODIHEEAL:O % *ﬁézj‘ L . Cream, % Ointment, %
oo ML VEALLZVEY BV TR S Repeﬁ]“f’n e —
F#F (73— b2 Y — A 0025% K07 ) 087 05 1
Jba— FUERE 0025%) ERRELT. b 3 98.8 963
NWHYED S 5 5 THHCI8N T A& FIRL., M ‘5‘ ij :3
HOTHEICA 3 . B 21T 720 TORE. Bk . 054 010
WEADPHLENTWE 7Y —=LFITIEAY Average 98.6 953
—VORBEMLIC LD, —h, 7Y rEFEL v 0.19 1.23

L7228 TR CTH 2 B TIEIAFY >- (7
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by KR IS X BMIMHIZ X . RIFICH SN D 2 D5 o T MEDIEL 6 MOE
IR R 2R T, 78R FEHOHMB) HAFTER VO, BMANEBRZED /) 7 —
YarF—=s 2L TV ARVLO0, WEMELD, KFTOMWEHRILETRDO LD,
WEETLEDIOD, FIFEEEINTVEHOLHW SNz, K7 ) —2HOEERTD Y
O~ 75 ABERT, 5ARETHEEEREIER SN, TROBEHTIIHRAR & LT/ITR
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