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Selectivity in the Separation of Diltiazem and its Related Substances by HPLC with
Core-shell Type Reversed-phase Columns Having a Planar Moiety and
Development of a Fast Analysis of Diltiazem Formulations
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Abstract

Recently UHPLC, where smaller particle (2~3 um) packing materials are employed, is
progressing rapidly. Higher performance (higher theoretical plate number, lower theoretical
plate height) and fast analysis can be obtained by the UHPLC, compared with the conventional
HPLC with the usual size packing materials (5 um). In this study, core-shell (CS) type packing
materials (particle size 2.6 pm, column length 10 cm) are used for the separation of diltiazem
(DIL), 8-chlorodilitiazem, and those related substances such as trans-form and deacetyl-form
(DIL-OH). Four CS type reversed-phase columns, including a phenyl column and a phenyl-
hexyl column both having a planar moiety, are investigated with the mobile phase containing
acetonitrile as an organic solvent. Among four CS type columns, a Cholestyer column gave
large Rs values for the separation between isomers such as cis-form (DIL) and its trans-form,
n-propyl paraben and isopropyl paraben. On the other hand, separation of DIL and DIL-OH
was successful by employing a phenyl column and a phenyl-hexyl column. For the separation
of 8-chlorodilitiazem and its related substances, the tendency was the same as in DIL. Finally,
assay and content uniformity testing of DIL formulations such as tablets and injections, purity
testing (related substances) of DIL drug substances and formulations were successfully
performed within 100 s, showing the usefulness of this type column as a tool of high through
put analysis.

Key words: Diltiazem, deacetyl-form, HPLC, core-shell type packing materials, biphenyl
column
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1. & U & (&

FEIBHIICBVTIE, SMEBOMELREEROM EZHIE Lz, GHoNS AV—TF
v MEDBBHE L > Twbh, THTHINTRLHPLCAOMH TlE. JLUH Y 4 7OFTAFIR 715
(5~7um) X0, BINSBHFHE (2um FEE) FTLTAK S 7 2 % 5 85 E W Bl
(Ultra-HPLC : UHPLC) A3 sV, FI SR Twa, La L. o TAK DMK iz
R ORI D OO, BT ADOEEPBMIIKEL 2D T2 T 2OFMITHEET
b

FI T Hiziza7 v v (Coreshell, CS) MFIELTAKIDTEH SR
T3, 2Dy 4 TOFRTAHKTIZ. REDDETE 2WIELILE
YUASVEIT (M) L LT FOREICELET ) A VER
WEsSEL (M1). Yo VBORESIIMA TH 2235 BT W
BT£E 26 um@DKinetex"Tid, ¥z VEIE 035 um T2 7JEIE 19 um
THrY AFHIY VB ESBT 2O TI ORI HNIT E B L &
%o Tl N7 AOEBBRFEERIH L TH 20, 2um BT O 2.6um
L% JLMEUHPLCHIRA T AR O 7 7 5 L AT, 26 um BEOCSH 1y comscam
FETAKION 7 XA FHBEMERVEHETHATE Y, 2070,

UHPLCHHI#iE T2 <. A OHPLCE & % i R e it 0L VA&, Mg+ dfbs
HZLETEDTEFHNBLEIENTE S,

F41Z 5 um FTEEHVEHEROHPLCEICH L, AFAOHPLCHEENMEHTE, o5k
REDR ONAHCSHATAR A 7 AIZEH L. REMSGHTOME LB L OB LS EENS
I ANDISEHIZOWT, L TR LTV S, EERSTIIREEEY, R T704 FiEH
SAEHE (NSAIDs)Y, BEIMEH Y VF 7 X 2870, avFazxrog PEY, kstkes 3~
B, F20 EEDHLVIZEEERSE LTI, NVRY Y (Funy, Fo L)W asg
YEPY F -V (YavFav o hrFa) T ey )Y NE (VR4 F )Y
HE\ZOWTHIT L 72,

AUFZETIE AN T T AF ¥ AN TU Y A —IZHHENEEMERIVFTELAZIDY FF, Z
O &y uuiFHEIR, T/ TNOOERMMTESBEITH AT EF VK BEAKRTHS b
Ak (R2) ZFGIT. CSHAETAHIY T &% AV 728 HPLC T O 4 BRI LI DV Tk
WEfTole BB, YNVFTEXLLEZOHBEWEIZOWTIBLIICI8A F 4L LT, 22 um @
&4 LPEUHPLCHECAAl (#5924 K E5cm)y 26 um OCSHATAHK (F7 L2KZ10 cm) %
Hv, A% 7 — V2 BEHOARERE LRI OWTHE L2 SHdHzicmEsh
72C18LIFN Dk % 7 [E S MIFRAL % FEOCSRLEAN 7 5 AL R FHMEAH T 57 2 =V RD A T A
2RV, WTLADEENAY )=V LI DKW T & M= MYV EBEHAERBE L 55 HgICown
T ZIT o720 F720 7 7 ABEEHIIRO BRI IS RIZ T B2 MEAT 5720, YVF7T
Yo (VAK) ORMETH L b7 AEBFITH L E LTI REICINSORRE
BE A, WHOHANOBHIZOWTOMHFH L, YVF7ELEE 60 mg KV NVF 7 LTS
10 mg %o, #ERER, = Gy —UElEr 7o 72
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pets peHa e X Y
<j§ <j> DIL H COCH
; . o b DIL-OH H H

o \I::(ZE%PY DIL trans H COCH.:

N CHL cl COCH,

H CHL-OH cl H
H3C/N\CH3 CHL-trans Cl COCH:
rU R CHL-trans-OH Cl COCH:

K2 YNFTELEZTOFHLAR O Y ORE

2. £ B H &
21 HHRsLUHE

P FOF Vv REPFHRBAT IV (AFNINFX Y, MeP), p-t FaF v ZHEFRIF NV (=F
WIXFG XY, EtP), p-k FEF Y EZPFn-70 N (n-7 2NN F XY, nPrP), p-k b
FUREEFBRA YV 7TOEL (L VTR ENIITNY, PrP), p-t FaF Yy REFHRTTFV (7
FUIRFG XY, BuP). A FRY2—24 () o~x—Hh—WEHLTYII NV (U), F7- #H
W, FRAEHEHICH W) YR (85%) BI O YEEZKEA Y T AL, TRTELT7 14V A
FOGHESER CGRR) MBI EBAL, ALz HPLCH7 2 F=FVJ L (ACN), X%/
— )V (MeOH) &, Bt 7 4 v AADEMSERA SHA L2 O 2 L. KIZELIxUVHiK RS
FE (ARIVRTH) ZHOTHERLZDOFH W, B pH 1d. A b5 — L ML
LT =T EHCTHEL,

BEHIHWZZ OV F T B L L ZOHBWEIUTOLEB) TH b, YIVF T ELERE (5K
f4:283S-2 24K) (DIL), 8—zuua Iy VFT7H¥a~<l 4 yBiE GHEA:2S,3S- 24k) (CHL)
LUOZFnZhol 7 £F vk (DIL-OH, CHL-OH) & b5 ¥ 24k (DIL-trans (2R,3S1k).
CHL-trans (2R,3S1K)). CHL-trans® 7 & F Wk (CHL-trans-OH) &, W3h b HN =26
S (HHMEIER) 2O0AF L2 0220 MV, IVF7ELEE3 Ty MIHME=
FEHEE (IMHLRER) 2O5ATL, IVFTELHEHTHEANNyH— Y 60 D410y
Py ARy HF—SEHH 10 o33y (Db, Wb FR =2 85E0) 3, iz v
726

IS8T XY D EEOMEFIZH W RARFARIZU T O L) ICHB L 20 BTN RDY 5
V100 mg & 0. MeOHIZHELZENZFN 100 mLE L, #8555 XV DEHE Lize TORIK
FhZEN5mLE L Y. 001 mol/LIEREAMZMMAZ T 50 mL& LTI RVIBAH (79 VvE
&) BMBLZ (%537 001 %IEHR) . VIVF T X LH R F OFLRD 5O BEH
WA RAHERIZ. HELFNEN 10 m g8 ). MeOHZMZ THEH L. 10 mLigH & ¥
o INHEZNZEN1mLE Y. 001 mol/LIEREAR ZMMZ T 10 mL& L. i HORE
WA E L7z (LG 0.01 %) o
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22 BERUOHT L

HPLC®: & X0 B 5T (3T#F) DProminence?s & —=x, (UHPLCXHS) ZMH L7z, K
ZIZLC-20AB (W LB 40 MPa, # 400 kg/cm”. *— A ¥ ¥ = 7 & —IFSIL-20AC% >,
L Fmer L TSPD-M20A, Y A5 A3 bu—F1% CBM-20A. # J &% —7 ~IZCTO-
20A%., F72. FA v+ —DGUR0A3EMH L7ze B, 7Uu<X b FL0DE=F—d, kE
254 nm K OF 210 nm TITV, H 9 A4 —7 V3R], 40C—EiEZE Lz D EHL 1.0
mL/min & L7, %3, UHPLCOM:fEZ HE S & 5720127 T A EHORE IZHNE 01 mm @
bOEHOSHMBEOEVIZET O 10 yLodOZHH L. AV v MEX 8nm (Bl 1.2 nm
BITTAE) & L7z MIMEBRORER (LARYR) RO 7)) v 78 4 A%, Rk E M
(640 ms) 75 80 ms & L7z,

CSHIFATAKID A F 4 & LTI, Kinetex" EVO C18 (26 um. 4.6 mm id.x 100 mm). i
i HT 545 5L LT, Kinetex” Biphenyl (26 um. 4.6 mm id. X100 mm). Kinetex"”
Phenyl-hexyl (2.6 um. 4.6 mm i.d.x100 mm) (Phl. GREFEIER GLH)) . KO
COSMOCORE® Cholester (2.6 um. 4.6 mm i.d.x100 mm, F# 54 F A7 (G#)) %M
L7zo SIS OREEMTA ZBRICK 3 IR, ¥— 27 OGN, Hamkk s S HL Ok
ERsiE, WREEEIEFT (#R) OProminenceE — IS IN TV L F— 7Y 7 M &

TEHE L7zo BEIMHIE. 005 mol/LY » MEHiEE W (pH 3.0) & 2\ idK & ACNORIE % H
W, fHENCA YT LY 7405 — (046 um) THABEL. WL 72

M
@@

3 WEHCHW A 52 (EEMHERD)
A 1 EVO C18, B : Biphenyl, C : Cholester, D : Phenyl-hexyl

23. JVIFTELEE (GFE) DEE;

ARy B — Y5E 60 (1 8E1C 60 rng DOINFT YL ED) 20U LR LD, 20
BEBEICEY., BRET S, BREIKEY, YVF 7 ELEBERY 30 mg ST 2 REHE
2D, 001 mol/LIEMERRIK 60 mLZ A TBEFHAEIC X VRAE S5, ISR
10 mL%Z IEREICIN A, 12 0.01 mol/L EEEFHW #INA T 100 mLE L. LRV BE, 275
YTANT—=TAHBL, ABERERE T 5. INTERMINVT 7 X LEEIE EHREAR) §
30 mg ZAEEICHED . 001 mol/LIEMH Z N2 THED L. PAER T 10 mL%& IEMEC N2 T
100 mL& L, R E 5, RBHERE EEFRRZNZN 10 uLO—ERIZDE, KOS
HCHE - — R - ARk u~ 574 —=<201>12 XV REEZTH. K42 DOE— 7 ik
PHERBSBECEIDWEL, WEEREOY — 7 0K T2 IV FT7TELOE -7 DO %
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Kb, WEHERIZL D EEERD D,

WEERI p-e Pu D RERFRA V70 ENVD X ) — Vi (1 —5000)

BrESt:

Mgy o AVTHEBOEER ERE © 254 nm)

715 A @ Kinetex Biphenyl (2.6 um. 4.6 mm i.d. X100 mm) Xi. FZSOMiEE2 955 5 A4
BT A T 40CHHE D — i

FE)AH © 0.05 mol/LY) » MMM (pH30) /7 r=bFYVEE (3 :2)

i 0 1.0 5wt 1.5 mL/min

24, JILFTELEEZ (GEHHF) OE2H—MHE

ANRyHF—FHH 10 (17 7MZ 10 mg DY NFTELEREZEE) 10 70 IV E
ED, T T NVEAY FL. FRFNE 001 mol/LEMRI 2 N2 THEM S, W E TR
ZN50 mLOXART T AINCHKET, 7 7 IVHNMEMH LA T A4E 1L, 0.01 mol/LIERRFE
ZHOTHIEIE BTV L, BRHIZFNEFRDOED AR T S AN B, BIZ 001 mol/L¥ENE
AN Z CTIEAEIC 50 mL& L. sARHAR L 350 BICERA D VT 7 ¥ A MR GZEERE )
# 10 mg KRR D . 0.01 mol/LIEREE 2 M 2 CIEREIC 50 mL& L. F#ERE 35,
BHER R ORI 22N 10 L& FREICE D, RES 23 Rl & M U4 CTH R - — kB -
Wik a< b9 74 —<201>12XDREEIT . HF - —#ealBigk - #8H0 —kilinkic
o TREREZAT I o

25, VLNFTELEERVEEIOMERE

IUNFTELEIER 30 mgEE D, 001 mol/LIEEEERE 2N THA L, 100 mLE L. #F
BE T 50 ARy H— 360 (1512 60 mg DIYNF 7 ELERIEZ &) T, $eHI 1A
% 200 mLO X 275 222 AN, 001 mol/LEEEREE 150 mLZ N2 TBEERWEIC L W iRE
L. $e#l 2520 S 5, HIZ 001 mol/LEEMERIE % N2 TIEMELC 200 mL& L, X <HRD
RE AVTTTANE—=THB|L, HWERERE T 5. ANy H— “FEHH 10 (1
T YTV 10 mg DY NVFTELERE A &) Tld. 24 GEYERBRO R e L7
AEHE E V5

ZNZNOREAI 10 uLic2 &, 23 SO TRk u~ b 757 4 —=<201>12% )
REEEAIT O, H2 O —27ifE ABRSEICE D IEL, HRESFRICE). A E—2 0
"®EFHT 5,

3. BRREUVER
31, ININREMDDE
CSHIFTAFDA F L E LT, 1ERkDPSHLINHS A 7DCI8A F L ITMA, FlitEZE AT 5
TR 2 ROl H D A F 2 & LT, Biphenyl# 7 &, Phenyl-hexyl? 9 4 U3 L A5 ua— )3k
% [ 584k L 7-Cholester# 5 2 % JH\w», /K ACN=3 : 2 (ACN 40 %) T/ SIXVREEWDI
HEZAT o 700 NI R VIREGWHAR O L TREIEIL T 2BUPO RFRE KD Eh o 72
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Cholester 7 5 & (55 45) TOHEEBIZ K 4 12R7T (4B, BuPORFER1ZBiphenyl? 7 4 T
36 4. Phenyl-hexyl” A Tl 41 45 CI8% T A TId 48 47)o 787 RV FITH L T,
Biphenyl # 9 2 & Phenyl-hexylt 7 & THREAVNE KL 8D 20D 7 7 A THREAIK E WHER
Elpolze Tlos WTNODOH T L TH 5531 TRIEZGHEDGS SN, CSEOA T L DKL
LT 10 cm 7 A TEGORFFFH ORI LT, 4D H T AL BIFIZFT, K2 HED
HESBI NI SN2 Thbb AT AEENIIOWTATED 5 L TEIZ LW EHIRE L,

700 4
500 -

300 -

100 4 A
0 A

0.0 2.5 5.0 1.5
Retention time (min)

Absorbance (mAU)

4 Cholester# 5 A TH/35 X VREW D45k

—Ji. BYARTH HnPrPEPrPOSEEICOWTIE, WTFND A T AIZBWTHmams (4
MEEERs 15 DlE) & o7zhN Cl84 F A THliE dORsix 1.8, Biphenyl” 5 & T 20. Phenyl-
hexyl# 5 4 C 19, Cholester7 5 4 Tix 25 &, Cholester? 7 AR DA TH 5720 /3TN
Y HZCholester # 7 A TOMEAEH R D KE . (BRFFHFR) . FEARDOGZHEICDOWT HEAIRE
AHEWHER L 25 2 L 03505720 %8B, Biphenyl? J & TldCholester 77 7 A 1% LA H A 1X
KELBRVWLOD, 25 HICHEMT AnPrPEIPrPORsA 20 &, RV ¥V FHEFFONT RV R
RO GHECEN TH 72D L Bbh/z,

32. JIFTHELEOHE

AFEFOCSHFTTAKI DA T 5% H\vwC, DIL. DIL-OH/K K O'DIL-transff, 3 FEFOREW
DFEICDOWT, 23 ICRBOLM (V) VERERER ACN=3 : 2) ZHW TR L7z, 78k
Bl 5 IR T . AREEHIRE X ACN 40 % & XTI XVEHOSHCORELR U TH L 05 ¥
WFTELETHBERARL, 20UDNTHESN, BB, NIXRXVEOXRVEVEKL DK
EERNVIFTEBEVEK AT HIUNVF T ¥ LHETIZ, BiphenylZ F 4 & Phenyl-hexyl? 5 4
TIIEHE DK & <, Cholester? 7 & EC187 5 A TIZ/NENWZ EWDH o720 T OLEREEZ,
EREDNI NI BIT HHEREMBE Lo TE) OB ROREIICEIEbDEEZER LN,

—Ji. BYARE, bbby Atk T Y AR E D4R Cholester T A TRs 22,
Phenyl-hexylh S AT 21.DZ N 22008 FATIE 16 Lol TNTEERONRNTXY DR
fAnPrP & iPrP & O 43#EZ AT L CCholester 7 5 AN b AR THo7-Z b & —F Lz, F/2 ¥
WF T XL EZOERM D ESRY TH H0HAEKE DOGEEIZOWTIE, Wi ORI %
% &, Cholester 7 5 & & b 3 Biphenyl # 5 & & Phenylhexyl# 5 ADKE WG E 7% 572,
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mAU A @, @
A 900 3 e B
_ 4007 EE
s 4 2700 7 ®
£ 3007 S
& 7 2500
8 2007 s )
5 3300
£ 1007 R
E 100 3
0 — - — 0
0.0 1.0 2.0 min 0.0 1.0 2.0 min
Retention time (min) Retention time (min)
mAUi ) c mAU | D @ D
5 4003 &) = 400 ®
E, ] O
g 300 2 % 300 7
52007 5 200 5
ES R
1003 100
0 - - T g T 0 T T
0.0 1.0 2.0 min 0.0 1.0 2.0 min

Retention time (min) Retention time (min)

M5 4MEHOCSH T ATOINF T X LHHOI5HE

717 AA 1 EVO C18, B : Biphenyl, C : Cholester, D : Phenyl-hexyl,
¥ — 2 (ODIL-OH, @DIL-trans, ®DIL

33. JIFTELS—/OOMEDNSEE

4 T OCSHM M TAHK DA 5 2 % v T, CHL. CHL-OH{F, CHL-transfk & O°CHL-
trans-OH. 4 FEHORAW O/ HEIIDOWT, 23 ICREO5M (U VB ER,ACN=3:2)
THET L7z SEEBI A6 1277 T e INFTELONRY I FTEY VEKO M1 7 1L HHsi
AZNTWD 720K L CRIEIRE { o 7245 DILTOMINE [ U <. Biphenyl 7
Z & L Phenyl-hexyl 7 A TOMRFE, FRICHIBTRE L, 305 Ro7

mAU A mAU
2 600 : <3( 500 -
E E 400
g 400 3 8 300 -
g £ 200
5200 57 2
2 3 2 100
< 0 0 .
0.0 1.0 2.0 3.0 min 0.0 1.0 2.0 3.0 min
Retention time (min) Retention time (min)
mAU
= mAU : c .
E 600
2 500 2
E = £
g 400 8 4007
ré 300 3 E
§ 200 2 2007
< 100 < 3
0 0
0.0 1.0 2.0 3.0 min 0.0 1.0 2.0 3.0 min
Retention time (min) Retention time (min)

X6 A4FEOCSH T LTHOIIVF T EAL8-7 0 afRIEHD 5

717 A A D EVO C18, B : Biphenyl, C : Cholester, D : Phenyl-hexyl,
¥ — 7 (DCHL-trans-OH, @CHL-OH, ®CHL-trans, @CHL
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—7J5. Cholester? 5 & & C187 5 A T BEX 2 50 INTER SN0 Y AKE b U 2K E
DEEZ W T D, RsidCholester# 9 AT 4.3, Phenylhexyl# 5 4T 39, ) 22o0% 5 4
TIFE BT 32 &%), DILTOMRER L L, RN VDB DD, Cholesters 7 A TR LA
BB SN, 720 OHIRE OB DWT . DILTOME & U <, Biphenyls 7 4 &
Phenyl-hexylh I AEN T W7o U EDNRSXUVEE TV NVF 7 ELHOGHORER LD,
nPrP&iPrP. Y AR E T U AR E Vo 2 REAROFIICIE, 2 VAT -V EKE EELL
72Cholester#’ F ADHRTHHZ &, 72, INFTELEE ZO0HKE OB, ThbbHN
VIFTEE VEKOT T VIO ADENIE, Biphenyl# J A & Phenylhexylh T A TX ik
MENSLZERGhoT,

34. VIFTELRREEENDEREICH

FEEDOH T L OBIREOBRFT ORI D, bF v AKE DFIZIECholester 71 T A 2MENLT
Wb Z WG h, EBROFEOGEEEN S T v ARIFERE T, B E LT
WXOHKRD AARAET 5o 2 TZOOHKE OFBNHEN TV 7-Biphenyl /77 A% &R, DL
T ESHH L U TR L EAOSHHIISH L7z,

¥, ERICBUTANEEYE (IS) OBEIZOVTHRI Lz, NIXVEOFLALFEE —2
DHRIZER TS0 L LTEPLIPrPZ &R L CTHBEZ 175 720 EtPTISE DILOSEEERsIE 2.2
EREFMETH 72D H T LAOHEFELER L. FBEERsDS 7.7 L 72 5 72iPrP%ISE L TEE
L7zo F72 HESTARECZ EPLBEMOMHELZ 1.5 mL/min& 352 &T 100 LN
TOER L OMEREBDTHE & 7 o 720 EEBETOEEREOZ < 75 A0 EMERBETO
a7 L EHDLETRTIIRT . 720 BHIAVR Y H—"6¢ 60 D40 v s OEREK
BEFELIL, AVRyF—EHH 10 01 oy FTEBL-EEE—MRBOKERE2FE 212,
JEEE, ARy = 5E 60, NIV — R 10 O 39y MO THENE L 72 M R
DORERERIITRT, YNVFT7X¥LEBEFEIEOTPI7TTORBIEIX 03 % T T, /2. #HI
BB HECLJPITIEEO YV F 7 ¥ L7 T VHIOBFMEIX 15 %W TTHY, wFhdIhn
SIEA L7z

A 1003 .
S 600} 80 1
E ] @
g 4007 ® @ 607 ®
s ]
£ 407 (#90.5%)
g 200 207 v
i |
0 — —— : 0 T : : :
0 60 120 sec 0 30 60 90 120 sec
Retention time (sec) Retention time (sec)

X7 Biphenyl#h T A2 & 2 Y NF 7 X 2 BH O HHT

A I NFTELEERIETORERRKO 703 NI 48, B YVFTELR
WoMERBCTHO 7o~ + 2524 ODIL, @DIL-OH, @4 V7O EN/NTN Y
(NESEWE)



SEMEa 7 v 2 VB A 5 4-HPLCETO VIV F 7 X L D40

F1 ARy I — 5860 OEEAEE (%)
=3 MOEL 1T | ViR L 2 IR L 3 )
A 101.7 98.7 98.1 99.5
B 99.3 98.4 98.5 98.7
C 101.8 101.7 101.4 101.7
D 98.3 98.1 98.0 98.1

2 ALy = I 10 FHYERROWE (%)

HEAl 1 2 3 4 5 6 7 8 9 10 )
o 99.0 99.1 95.9 98.9 100.7 100.9 98.4 98.8 100.3 99.2 99.1
AR T E A 1.42 HEM  3.41 JE HA
23 ARy — CEEE ST TESHI ORI SREE S (DIL-OHO %)

R ny hA | Yy B | By FC Es)

JiHE 0.22 0.08 0.08 0.13

HEA 0.28 0.09 0.07 0.15

TESF 0.35 0.35 0.32 0.34

4. % & &

347

AT NF X ATy =G EINLEMEE D VF 7T ELHZRY L, £os o0
FER, Fo0 INSDOERMB IO ESRITH LT LTV BRUEATHS b T v AK%E
TR, Fr7z IS S M7-CI8UISN Dk 4 7 [ Al 2 RO CSELEAH 7 7 4, HFIC, Tk %
HET572=VRONTL2EACT, 7T ADEHD MeOH & V) v ACN % £ B M1 45 b 75 15t
(40%) & LTHWMH 21T o720 ZOHR. BENTHW 24 HEOCSE S 7 4, Thbb,
C18% 5 2., Biphenyl# J &, Phenyl-hexyl? 5 & K. U'Cholester 7 5 4 Tlx, Y AMEKKE N+ T ~
AAR D FEEARSBEIZ 1XCholester 71 T A 5t b I, Z D RIZPhenyl-hexyls T &, EARHW 2
D ESHY)TH HOHMK & D482 DO W CTldBiphenyl” 4. Phenyl-hexyl? T 2 23458 # P
CENTWAZ R ghoTl.

—Ji NI RUVHEHTIERMARTH ZnPrPLiPrPOHEEL. WTNOH T AITBWT L LS
B (BEERs 15 MLE) L% o745 it & FBkIZCholester 7 7 A0S b AR TR KD Rs 25
PEONTZ. TbH/8T N HXCholester 1 5 A TOMEBEMEM D KE L (BRFEFATR), R
RO FHEIZ O W TORRNRES B VAR E 25 2 &2 D572, %3, Biphenyl /7 7 ATl
Cholester 7 7 ZF EMEAERIIRELS L RECHE R L7200, M3FEHDOH 7 2D Tl
nPrP &L iPrPORsH 20 & RV L VG2 RONT XV BEAROGHICHE R TH 5 2 & 23550
272

VLo & ), Biphenyl? 7 A% B IR L, BEHASMNE LTI HERIRMEICEN S 28
—Jiv BT AEEAE Y MeOH 1282, L 08w I AEHTHATE 2ACN (40%) D5t
TORFNGHANOHHIZOWTHGE L7z, TR, C1847 7 A L RTFHEEXAE TSI L T,
F 72 5 ARH D 5 T d B OHR & O EIEHTE S N 7zBiphenyl# 7 212X ). 5475 90
BUNTERSN, IVFTELESE, YVFTELEE 60 mg ROVNVF 7 E€L3HH 10 mg
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O, RH MR, R, AR RS ERTETH D 2 L0 T,
SEEME AT AHCSE S T 22 X A5 8HRIREoSEICOVWTIZ, IVvFaATFa S FEO—
BN R N T R F T L VAT NLENLARY U ESIVTF Y OSEEOSEY 20w
THHRTHLI LWL RoTBY., WHEOEWCISH 7 A TOHMENHEEL LG AICH
MERbH9,

51 B X @

1. Fekete, S, Schappler, J., Veuthey, J-L. and Guillarme, D. (2014) Current and future trends in UHPLC.
Trends Anal. Chem., 63: 2-13.

2. De Vos, J., Broeckhoven, K. and Enltink, S. (2016) Advance in Ultrahigh-Pressure Liquid
Chromatography Technology and System Design. Anal. Chem., 88: 262-278.

3. KINETEX brochure, Shimadzu GLC Ltd.

4. Kirkland, J. J., Truszkowski, F. A., Dilks, C. H. and Engel,G. S. (2000) Superficially porous silica
microspheres for fast high-performance liquid chromatography of macromolecules. J. Chromatogr. A,
890: 3-13.

5. Kirkland, J. J., Langlois, T. J. and DeStefano, J. J. (2007) Fused core particles for HPLC columns. Am.
Lab., 39: 18-21.

6. Nagae, N. and Tsukamoto, T. (2013) Characteristics of superficially porous (core shell) C18 particle.
Chromatography, 34: 41-47.

7. Gosetti, F. and Marengo, E. (2018) Benefits and Drawbacks of Fully Porous subZ2 nm and CoreShell
Particles. Comparative UHPLC Applications in Food, Environmental, Forensic, Biopharmaceuticals
and Natural Products Analysis. Current Chromatography, 5(1): 18-32.

8. Nishi, H and Nagamatsu, K. (2014) New trends in the LC separation analysis of pharmaceuticals -High
performance separation by ultra High-performance liquid chromatography (UHPLC) with core-shell
particle C18 columns. Anal. Sci., 30: 205- 211.

9. Nagamatsu, K., Nishimura, M. and Nishi, H. (2012) Separation of Parabens and Assay of Diltiazem HCI
in Formulations by UHPLC -Method transfer of LC practice from HPLC to UHPLC-. J. Yasuda
Women'’s Univ., 40: 403-411.

10. Nagamatsu, K. and Nishi, H. (2013) Fast Simultaneous Separation of Diltiazem and its Related
Compounds and Parabens by UHPLC with Core-shell Type Packing Materials. J. Yasuda Women'’s
Univ., 41: 477-486.

11, NHMEIS, AHE, MEHHESE, P08 %. W AT, (2016) "2 7 ¥ = VALEAHHPLC Y 7 A2 Kk % 3
VFARTFaA FEO—FHERCEREORIS-7 2 2 VIEEET 57 5 2080, #2307 o< k
777 4= YRT 7N 37 (sup.l), p.33, P-13.

12. Nishi, H. (2018) Separation of Water Soluble Vitamins by HPLC with Core-shell Type Columns
Utilizing Hydrophobic Interaction and/or Hydrophilic Interaction. J. Yasuda Women’s Univ., 46: 231-
242.

13. ®HEBPT. WEREWE, W4T, (2014) ‘27 ¥ = VEIFETAHK & W2 UHPLCHE:C & % A4 384000t
(ZD—) RURY 2 ENRNTT Y OGHEICBT 52 THRO BIREL E R K- HAEF X B3 E,
proceeding 2, p.277, 29amL-064.

14. BpASRETY. WTERRE. IMAT FREEE. W ﬁﬁ\mmw:7>lwﬂﬁﬁHmﬁﬁaAf®Nw
N Y eV T OB B BRI O SE" H AR S84 2 56545422018, proceeding, p.261, 2P-
64.

15. B, mEAT. W AT, (2014) ‘27 ¥ = VEIFETAHK & W/ UHPLCHEC & % 438 400 br
(%@ ) -IAFA vEVe FuaFA v OB S THEO 58RI O 2" H ARG L4 25563
445, proceeding, p.304, Y1142.

16. Nishi, H. (2015) On the Effect of Tetrahydrofuran (THF) as an Organic Modifier in the Separation of



17.

18.

19.

FHtEa 7 v 2 VAL A 5 A-HPLCETO Y VT 7 € A O5HT 349

Codeine and Dihydrocodeine by UHPLC. J. Yasuda Women’s Univ., 44:371-379.

Sumida, U., Kimura, M., Yorie, T., Soeshima, N., Kawabata, K., Inagaki, M. and Nishi, H. (2018)
Simultaneous separation of active ingredients contained in ginger (Shokyo), processed ginger (Kankyo)
and magnolia bark by reversed-phase HPLC with core-shell type columns. Application to Kampo
products and food analysis. Chromatography, 39: 153-160.

SRHFISE, SRR Wi, fEEE. W 87, (2017) “2 7 ¥ = VRIWAHHPLC S 7 A2 X B4
AT (ZOM) -t ¥ FONEFEORE-". 24 s u~ M5 74— VRI A, 38 (sup.l),
p.28, P-03.

FEHAEE, AT, MESE, 1 7. 2018) “FlHMte A3 4637 ¥ = VALEM A 5 2 - HPLC
B BV VT 7 X LAHOMBE—F B ITIEORS. H260 7 ax 7574 -3 YKRI T A 39
(sup.l), p.52, P-23.

(2019. 9. 26 =21)

av M) ¥a—%— Rl F¥E HBiZ GEER)






