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SUMMARY
I. Title

The Development of sustained release pellet of diltiazem hydrochloride as
anti-hypertension and anti-angina pectonis agent

[I. The Purpose and Necessity of the Research

The object of this project is to develop once-daily sustained release dosage
form and formulation of diltiazem hydrochloride that has possibilities to go
into domestic market and one abroad.

The development of sustained release dosage form has benifits that it costs
cheaper than that of new drug and improves the convinience of patients and
effectiveness of treatment. Moreover pharmaceutical market trends move to
sustained release dosage form

Recently the developement of new effective anti-hypertension agent or
formulation is required because hypertension and angina pectoris are
representative adult disease and highly increasing of invasion frequency and it
is estimated that 10 to 15% of adults need to treat these diseases.

Diltiazem hydrochlonde developed by Tanabe in Japan has good efficacy
and big market share up to one billion dollars and market share of its
sustained release dosage form has been increased continuously.

At this time the development of diltiazem sustained release dosage form has
possibility of licencing to other pharmaceutical company and chances for
obtaining prevail technologies for designing and formulating the new sustained
release dosage form.

[II. Details and Scopes of the Research

1. the 1st term



1) Preparation of once-daily diltiazem 180mg sustained release pellet

1) Optimization of diltiazem sustained release pellet formulation by
investigating the absorption, distribution, metabolism and elimination of
diltiazem through the pharmacokinetic study

ii1) Relative bioavailibility test was carried out

2. the 2nd term

i) Modification of the once-daily diltiazem formulation
i) The formulation study of high content of diltiazem
iii) Optimization of manufacturing process

iv) In-vivo pharmacological study of three different content of diltiazem
doses (90 : twice daily, 180 and 240 : once-daily)

IV. Results of the Research

As results of the 1st term of this proj éct,

We designed the once-daily diltiazem sustained release dosage form that is
composed of inert core, diltiazem containing layer composing of diltiazem, PVP
as binding material and other excipient, membrane to regulate releasing rate
and drug matrix to compensate for imtial releasing lag of diltiazem and
developed the suitable composition of each material. And through in-vivo
relative bioavailibility test, we prepared the product that its bioavatlibihty was
higher than marketed product

At the 2nd term of this project,

We modified the formulation of the dosage form, especially membrane
formulation, at the basis of results of the Ist term to mixed materials with
two water soluble polymer, Eudragit L and S, and water insoluble and
permeable polymer , Eudragit RS. and then optimized each composition of the
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formulation at the consideration of environment of Gl tract. We set the
manufacturing process to continuous and optimized the condition of each
processes

Through a series of study above, we developed 180, 240mg once-daily
formulation and diltiazem 90mg twice~daily formulation.

V. Plans to Apply the Results of the Research

Now 90, 180 and 240mg doses of the dilthazem are approved for
manufacturing and being studied the phamacodynamics and pharmacokinetics
of each doses and will be compared the differences among these doses.
Commercialization of these doses are proceding the beginning of 1998 when

the study of phamacodynamics and pharmacokinetics complete. and the
results will be analyzed.

In case of 300mg dose of diltiazem, approval for manufacturing of this dose
is not easy because it is not introduced to Korea. Commercilaization of this

dose will be dicussed at the time this dose is approved in Korea.
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M1y M 2

YElo} & calcium channel blocker2 LEY HAF X7 o]&EHE %E o
th[1-4] o] &L Eo F =1 w777 &3 Y AW ol HEBER A&
AA olF AGFH TR EHoY 149 23 ZT& 13 ELAAZ EdiEe AE
7} A4E 2 ot[5-7]

AojgedAAe] 35 TAETEFESS FEHYY S 7lzso vz A
AY =2 8o WEHESF 3= AFo|th[8] o] AYY F ¢+ dE9 £ &
A ¢ Jd< film ZB7|<o] W5 T30, A pelletAl B NI LIE &
EZ24HE AE BExdYe AT/ Bol JdHIT Y.

old] ElanAldlME §&x2dE At 77142 AMESIAY, BEe UANT A%
AAAY AL 271 SRS HAS7] At SHAHAAE 74 A3
o diltelano]2t A FE NLRH, AN 23AGoM o] AFZ
dAHata Jch[9-11]

B dFdMe 24030 BEXEE 3t F7|idoly S AlAle AFE-Rl9l,
ga 9@ QAT HBAZE L pelletPHl2 g AYLE HASNn 84
polymer$} +EEA plymerE HAES THsAH Z4 AYHd st EH4 =
formulation®] g EA 3 GI tracte] B3 T2 Helste HE|olA o 244
0 ARAAAEAS HASE AY L formulatione 7AEE7] 93 AFE A3
3ttt 3 FF YA ASE AT HEjolHe] ngH3 A AAY A
8 2 formulationg A A8l o|& 24A|17 AM3ld] AP EE FAHAE LS
Koo vHZA AFEEFe 12A7F AAAHAAAE FA NEdta o]&2 Ao A
o k5 2 A zo]EL ZAHNY WYLy, oY YU J&
e EQZ 5 eAAlY 243 Adale H4r|e2 8saz @,
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AE Tanaberlo] &3 dElotAH o] L ojd] A FF/F AAZ 7L
Jqow ARE oju] AlF{EH Ax7]d v AFEE U AY. o] F 5
TanabeAl7} 70%& Herbesser®9 Marrion Merrel Dow7} 7R2% Cardizem®,
ElanAte] Diltelan® Rhone-Poulenc Rorer®l Dilarcor-XR® So] 7134 & ¢&R
A| A o] .

22U ol AAS Z$ S4A4% MUA AAE 4L AR oj5L TR
FRFAY EEEY HAE A3l F7I4TE AT AF5HQA &£ LHI
7] 3] Gel HY AYE AR T 2 AFRY HL9 o tdax EHFE
A3 gloy, B AFodA HEF AAY AFY 9 formulatione GUFHOE
Az 4 o, AN XS GAAY TA-FY 27] £EXAE drug matrix
2 ERY3BEA FSEIFUIL £589 AS R Gl tracte] A= FHF
SIEE AAE AANFLEE 7|EY FTAL IS AHL, FATEY AFEA
o] AU EE AAEF Ao, A2 MMD 2 Verex oA 74Es 1
g dejolA AAE Al NLsto FF ¥Y ANBE AT AFY US
31 AT 71=E2 HEIIHUL olF0 T A4 datag HFEIJBEA AHAGA
A 9] formulation R AH HA g ZlsES FEIFAY.

Zule] A48 29 ‘95d A 13709 AFol ARHD oy, YRELS &
ol J&sAY dRAAE Avhsn Y& AHolIN I e A% AF
Aol AFE AAoH, AF AFAAME Fu LElobA Ao 80% olde
FUEo & YE FPolnZ B A7 FA%E FAGA AT B P
2 2 71gol A% Ve AYEAE & P VAU Add

T3 dA AAge] WaeE uY AubAN A AWML wFo] ol
A 7tn ;ARG 9N ARz Hgo] oFojA: YE AHojmz B
ATE TG 2427 AWAAA AL 7150 BAAY A $4€ 5 4
ol 1 7)¢e HFED EW AT AT
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M O3% A THUSY e Y FD

A 18 nFgF AAZ A+
. AlgR g 9 71E formulation’d 7

7} AF e Bl

1X303A% Ao o8 MARY pellet AP seed material & AHE3HR oL,
ol ¥ F3} ¥ 7% material balance ¥ EAG AA AA =77 AA
A48 & A EAJ 9282 o] seed material® HElolHY HPoz A
dozA olgid FAES REdAY

712X AFPL FLIFY seedZ2 AMEHE nonpareilS HEolHe] Yoz
ARG 2 AAM3 WES review 3 (Table 1)3 2t}

(Table 1) 28 ZF9 A¥ ¥ 21 formulation.
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;* A W A0me 2 e agAz P8 HY
0. ZOHES FoIE AEB|F FEF ol By U ZYEY) 9 AP
Az FA
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AN £E2ETHAE 98] membrane2 9 T
7t FAYAZE 27 £F QLN
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. Formulation®] 2 9 A4

(1) $1,2¢e] §73H3;

SBE ot 24A1 MAAAY AFS AL FESEE FASAOF 1 o
FEHET A28y SFNG S Hor= old YF st dast
+A 9, B8 dFWEE (Table2)ol YRR

(Table 2) ¥1,4 ¥ pH 8313, ¥5984, 2 %9 TR

- ag@ pH 3 A (m') 25 A2
AT 5.2~6.8 0.05 ~ _short |
% | 1.2~35 0.1~0.2 0.25~3

Aol A%  46~60 about 0.04
A% 4.7~6.5
tj) A+ 7.5~8.0

A9} (Table2)dlM & & AKXl 4y BT FA9A #4238 AT v
2o FAWMEE AXA FHa olzF F73MUINE 1HF formulation®] A ]
24X 7 AurAd A Al 8] Farvleelgt & 4

(2) Formulation 2t # 74

(Table 2)ol UYEbd 91,379 B4 HRE BFet £388 AAsA 27
el EWES ZFALe] #ForR2 FAl ey YA AF HF7HA
pHE AHAolA pH 557tAold, 2 FFHAH L AoAR7I A &2 ¥ &%
o] oj28 2 "Ho] €53 AXNEBE 2% AF(pH=55 3~10A7HA])7HA] 9
2422 AAINA §X 32 pHF 55 olAe Hi FFHHE AR &% 3%
AN thAo] olBx THpH=6.0 °)%, 5~24AZHAA = BEHFEE F7HAA
okZ-o] o] L EL ¥o|31A membrane® formulation® FEEAc|HW HFAAQ
Eudragit RSE 71222 3o pH=55 o|dojA e &&E&S E°|iA pH=6.0 ]
Aol ] 428449 Eudragit L& &3 AHE38 Y. 28y o 3¢ pH7F 6.0°] 8

~24—



£ 238 FdA Eudragit L8 £32 A3 §&E°] A7 F71sHA Heol 12
A BAxe &S0 ¢RI of WEYH BFEFEEE A 810 HEER
ojzigt FWHAY BEFEY F7HE U7l H: &, 84 polymer® pH
sensitivity & R F7] 938 pH=7.0 ol 84U Eudragit SE§ EFAIE3 R
=3

o213 formulationd] AHZ 44 L& pHAAA HFA polymers ©HSQ
membrane®] hydration °]¥e] #FEAAH LEF F7IE +8£4 polymer®E WA
g 4+ 9o, 3 Ax9 pH (pH 6094 7.07%]) & F5HHo] We 423
Ne §558 A0 AsA7]1T €&FHA &3 dof de UnAl 4EEL 4%
o] TERA tiFd o2& AHAAM EF EESAIEEAN 4EY VFEX

ZAaEE Fojaa FUYH.

3) §&& 2R

Azd AAe X §EEL UANUNFYL AFH2LE §F0] o|FoA 3, €H
olge] AMFAAAY B 6~11ALAA Hd @FF=rt SEHL HIH
QeBg o] AZtY e fE£EE HUR MRSt 1A 209%0] 3}, 24131
30%0°]38} 4A]1Z el 45%0°]3F 6A]Zkol 60%0°]3F 12A]to} 75~90%, 24Xk 90%
oldel §EHE T FXHAE AU, ol FTE€Y HAHL I ¥l
Fotd ZA$ AdHos FFFEY AsTE 7MTHILEE UANE AAdAE
TEHOE AL Zhedtvtn #AGEY. £F O0mgel 12A17F AFAA ALY 7S
2A1 Zkoll 50%0°] &, 4A) 3ol 70% ol 3, 8AIZte] 90960138t 1242kl 90% ol o2
A s Aot

DN

Z uN ALAAAY AS 120704 SEES FANA 6~124B9A
Ho) WEHEE YA T o F 10~25%2] 3¢ AEAA YFFES
daEL YoM R ASHE FEFYL, 1243 ABHAAY B¢
2~6A NN HANYFEEE LUAI L BFEEL 6A2 o Fo] YojuyEs
o A&H & FEFYT

=25~



7}, A

dE]o}d hydrochloride(Sumitra Pharmaceuticals & Chemicals Co.), Nonpareil
(Freund, Japan), Polyvinylpirrolidone(PVP, Hong Sung Pharm. Co.), Sodium
Alginate(SA, SIGMA), Lauryl sulfate sodium salt(SLS, Hong Sung),
EtOH(Duksan Pharmaceuticals Co.), Diethylphthalte(DEP, Junsei chemicals
Co.), Dibutylphthalate(DBP, #), Triethyl citrate(TEC, Rohm Eudraflex),

Talc(Hong sung), FEudragit series(Rohm, Germany), Photassium
chloride(Shinyo Pure Chemicals Co.)

v F£8 771

Fluidized bed coater(Glatt GPCGI ), UV spectrophotometer(HP 8452A),

Dissolution tester(Hanson Research SR6), Homodenizer(Polytron PT6000),
HPLC(Waters 486, Waters 510 pump)

2. A2 WU

AAE Azpge IAGEAN A4S WEI A FEIE PR 4
sl DgFRT A& WY PEBS Uehiich

7}, AR FA

olu] MAY AZ FAIY FYsH 1A4EE(180mg AlA)d HELHIUYE 4
Z seed material 4! 29 FHE AME3HET

AZZTAL s AHB9E GlattrAre %% 297/ (GPCGI, rotor type)ol
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e REAZ AZE AHE 9ol F5A7IH 2dA 7E RYPA= FAHE
A LRoz dE)olAE IE AHAZX3I1L A membrane €4 & IFH 3o vl
Bto 2 drug matrixa < I®, AX3Y pelletE AXFE H ©]lF capsuled
filling3t2 2 A A|Ae AZXE @A T

U, k& B}y AX

Agare]l deolAn REEA AFAV THUE AFEAE T3S 810m
0]3l2] meshE FIAA|A HHE AX X F olF YEFFF AXE AT
seed material® A} 3} T}

71€} membrane ¥ drug matrix8 o] AFZWH L 1A d e} FU3d

3. in-vitro £ & A ¥

A A9 in-vitro H7}E $43t Hanson Research SR6 model8] &&A| A A
E o]8 USP XXl paddle methodZ® 2RI&EE+ 100rmpmeE 313, 2%+ 37k
05CE 3t 2423t St A Y30 sampling RN, §&A18Y2 pH &34
o] T2 % polymer® T F AILIFFez 2 0IN HCl €9 (pH=1.1), 0.05M
KCl& < (pH=55) @ phosphate buffer(pH=6.8) A}-&3}« pHel] W& £Z§9
M3e 7P T , EAL UV spectrophotometer(HP 8452A)E o]&, 3%
238nmeoll A v A ddE AHFAHALERE TEE SASIH.

—7-



A 38 dFU 8 2 A7 A3

1. AU &

7}, In-Vitro 4

membrane %9 formulation AAA AHNE TZ& pHoAN =& 5 Z§9
polymergE & Al& 22 R3] in-vitro £&& FAHA €% mediume pHY u}
gt &=E°] AolsAl YEHYEEZ AAYd L£EES HY3I] AFsy] AT
in-vitro T4 HE HAAS7] Y3 oldlle formulationlE AZXE AAE L5
€ 0.IN HCI€¥(pH=11) , 0.06M KCI-&9(pH=55), phosphate buffer(pH=6.8)
2 variable pH 8 9(0~2A12+ : pH=11, 2~3X13} : pH=55, 3~24AI3} : pH=68)
2 3l §EE2 WHIE nFSAY.

(Table 3) &9 pHH3lo] BE £58 W3 248 98 A=¥
sample 2] formulation.

| material | content (wt2s)

' nonpareil 32.45

| diltiazem 44.67
PVP 2.43
SLS 0.49
Eudragit RS 12.76
Eudragit L 0.70
Eudragit S 0.22
diethylphthalate 2.73
talc 3.55
total 100.00

'} pH W3l mE §&& =4

formulation & <¢tA oA AFdEE0o] GI tractd] pH 7o wWEg £FE
ol 23 & Y3 AE Y& pH £AEE 71X+ F €% Eudragit L3 S€ &%
o ol Qi £FFo] A AFde AL 9] HA¥ v} 2

~28 -



formulation®. 2 A A E A st 4ZE S&92 pH wel L5 =33}
o H| X 3EZ A Eudragit L3 S HZH EuE AP

(Table 4) Eudragit L3 S &8vldl ot AZxE AA<9 formulation.

no. content (wt%)

material - 1 2
nonpareil 21.44 21.44
diltiazem 60.00 60.00
PVP 1.54 1.54
SLS | 0.32 0.32
Eudragit RS 10.62 10.62
Fudragit L 0.66 0.45
Eudragit S 0.66 | 0.87
diethyiphthalate 2.38 2.38

talc 2.38 2.38
total 10000

o}, AL =7 W] wE membrane T2 A3

AA S nEHF3Z A} AAY V] o2 TLFY AANY A4S =€H
Aol ZAAsA HEE FAF €% patternS YEN 7] Y3AE membraned
FEFo| A At 222 AA9 #§F ¥dld @& membrane®¢ =
B3 AX33E Y3 dSH 22 formulatione. & A AE A 23S in-vitro £
EES SAFEEAN I IZYFE FAHSAH

(Table 5) MembraneZ¢ F7|d Wl AZH A A formulation.
~ content (Wt%)

material _ 1 2
l_nonpareil 2471 23.04 . 21.44
diltiazem 60.00 60.00 60.00
PVP 1.80 1.65 1.54
SLS 0.36 0.34 0.32
Fudragit RS 8.67 0.76 10.79
Eudragit L 0.15 0.20 0.24
Eudragit S 0.57 | 0.75 0.91
diethylphthalate | 2.13 2.38
talc 2.13
total | 100.00

29—



2t, 12A13F A A A A (EE ol O0Omg)e A X

SEolA Y 12A17F AWAAAE AEetr] H4f 2¥ZFY formulation A A <}
22 HZWHoE HEA polymerE ethylcelluloseE A} 23 R[ 3 12A17F A& A
ol 2 GI tract®] pHYl 24A3F A& AAERT FFS A voernz 3 FFHF
o] 84 polymer & £3F, IHIA AAE AZRF{A 7] AlH AEQA A
9 Herben 90mg tab. A F 3 v, £ 3o formulation® ZA3HY .

(Table 6) Membrane® ¢ ZA ¥ F79d oz} AZH A A formulation.

‘
material 1 f 2 ] 3 | 4

'nonpareirl 33.99 32.06
diltiazem 23.6 22.53
lactose 27.45 26.20
PVP 2.88 . 2.75
SLS 0.58 0.56 0.55
Ethylcellulose 8.33 11.18
Eudragit L = ~ -
Eudragit S 0.17 0.34 0.32
diethylphthalate. : 1.77 1.50 2.20
talc 1.90 . 1.77 1.90 2.20
100.00

o}, QA YE AR Az L £ ALY &Y

o) Ael ATEL £33 ZAE formulationoZ2 YFAHE sampleS AX 3}
o ©]& in-vitro £&E & S}
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2. AT4A%

7t =Y Az R AXIA

32 Q1S AAY A7 FUIE LY e AESR X1 E-F
Aol BEAEo] A EE E 9 seed material Al ¢fE2] H}HE Al L=
AFNge d83tFoy, ool 3ol 300mg VIRFY 73-% seed material
& AIR3ld = 2 EAZF HA Kol 1A X AP AA BHojyA gton
AZFA GA 1AEE Y FAHAL FLEstoh, 22y dElobilel kol
300mg ©°]Ae] € F$ AHY HEL2 BV o] W] AXFAH HA FHYE
d FAo] Xl 7] wjFo FF TF FUte R Aol 8FHE AA
AN F9F 712 A48 4 Atk

L}, In-Vitro 2414

Aol A AF 3§ formulationl.Z A ZT pelletlE 8249 pHO WE L5 &
o] ¥3lE &I A (Figure 1)olA H& uvigt Fo] 3A7A|9 &AM
= A Ao|7} gloy, AL NAE EEEAA 24T Ao]lE Hoja Y. E
$ pH=1.1914 ¢} 5501 e BF&o| A FU3, pH=6.87 variable pHlA
o] £&E8o] A9 FIIA Yz gled o E dFdAN HELF
formulation®] 54 polymerd]l pH=6.03 pH=7.0 °lAto|A] soluble¥ material
& T AMgEg o= pH=117#4 559AM e ol 84 polymergEed FHE
BEx) ool o] T BAoAME FLIH, £&5Y pH7l 68°] HYAE +8£4
polymer7t vl 3 AT FEP¥H AT membranee] hydration o F&A
polymer7} £ 3L YNV Z7MA] &= AR Aol FREojof 3y wjF%)
RoZ AT 9 GEQ FFHFAA LAZ7IR 9 @A L T 34X
02 HEQ Aoz FAHEEZZ pH 600|350 AAZ HTE AL 4N o] F
2 A 5 Yt

ol HAIMZE U4AZF MUAAAAY Aol I formulationo] 4A)1ZF o] A9
$Z949 pHol 4L AR ETH in-vitro £FF AYL pH 68914 2443t
5ot AARE Ao vl siny ol Alzte] we £2 A9 pHE ZA S Ao}
T FUstdonz B dFoAE in-vitro £ AHolN £& 49 pHE 68904
AN o, 7|8 pHE AN 258 YL FANY AES AA A

-31 -



. pH ¥3d & §&& =2

AAE AA FAF Qo] ZF ALY AV ABZ in-vitro AolA HF
=43 AAg stas 44 dAdAE d2A JEds F90 JeB22 Gl
tract®] pH A5d W& 282 F7IE 5% £ 979 formulationd| A pH
o] ¥iglo] AAHe &&Fo] & Foz2 HIGHA HA YoM 2 HAI o
AT Reg Ao ol& HAFE7] s A= & pH #32E 7HAs =
AL TF AP ed, o] F EFES &3l dg AxE AAE &£EHY
pHE ©€23ly Zzte] &£&EE vy (Figure2), (Figure 3) ¥ (Figure 4)l
932138 Fel=

o] AFoAx B F X0l pH 7.0 o]l solubledt Eudragit S& <] F7t
st 2 A4l pHl Wi ¥UREE "oxle AE B £ AdH. a3y
formulation AAIA AFeAe &S F4E F7HA7I7] A3 &5 U4
z271E 58 §edPerng pH 60 ol A solubledt Eudragit L& &% uj
AT 4 ¢1°] formulation 3 XS EFME A= A0 HA3}AU.

2}, AAe =7] ¥3}o ulE membrane FAY FH A3

Qulty oz AAY A7) AZSTE FHAHLS FISIAT ol& FLEE 49
Adoz A3 FAARL ZA2A Hi o] b FEE F749 membranes
FEISlY 2L £2ES ALY IYFE A A .

B g7 E nERss Adtd AAe AV AZess aQFE AR
7] 98 A2 2 %719 membranee] ZHE AANEE £599 pH 68944
2288 2439 (Figure 5)9 Jehiich 2”44 B 4 1X°| formulation
1, 2= 12X AEA £&0] A9 &aso 124 o] ¥ VFFEI 33
3 A% 27l Q= utd formulation 32 12417t o] FdE §F0] o= AXx
A&H 1 o] WEFEE AEAL 4 18 Ao #IH22 formulation 3°]
2 33t R o

u}. 12A1ZF A A A A (DE o 90mg)e A=

deloldel g Fe L S HwEr] A3 1243 A58 H0mg
AA ] formulationg 7H&3HA.
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membrane32] 7|¥ formulation®] AAL 1#FHFIH} FUAINA SY1 AL
material< ethylcellulose®} 84 Eudragitd] ETo2 1 FHAE=Z 3:Y3sd
pH 689X &8E&ES FA3A 7] ABAEFQU FHYES Herben Omgd vl L
&t (Figure 6)°o] YEMAATE TP B £ %] formulation 3°]A
Herben® 71 A £ € patterng X928 Eudragit L& AF8-3% 2% B}
Eudragit S A}&3 7 %7} Herbend €% profile?d} o2 {AF3g ).

vl JFAIEE AA L A R £F AEAH &

ol e AdTE F3lod HFAH3E formulationl.Z YAAHEE Y§ AANE A=
8l3L o]9] pH 6848 8EEZ FAHSH (Figure 7)34 (Figure 8)°l YR
=3
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(Figure 1) Dissolution profiles of sample pellet in different dissolution medium
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(Figure 2) Dissolution profiles of pellet-prepared with formulationl

in different dissolution medium.

~35—



100

9

§ 80

%

Gt

©

= 60

2

=

<

S 40

£

Q O pH=1.1

E a H=3.5

= pH=S.

E 0 4

© va A pH=68
08

0 2 4 6 8 10 12 14 16 18 20 22 24

time(hr.)

(Figure 3) Dissolution profiles of pellet prepared with formulation2

in different dissolution medium.
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(Figure 4) Dissolution profiles of pellet prepared with formulation3

in different dissolution medium.
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(Figure 5) Dissolution profiles of pellet coated with different amount of

membrane polymer in dissolution mediun pH=6.8.

~-38—



Cumulative released amount of diltiazem (%)

100

80

60

formulation 1
40

0  formulation 2
formulation 3

20 V  formulation 4

O  Herben 90mg

0 2 4 6 8 10 12

time(hr.)

(Figure 6) Dissolution profiles of pellet coated with different amount. of

membrane polymer in dissolution mediun pH=6.8.
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(Figure 7) Dissolution profiles of Kodizem 180 and 240mg in dissolution medium pH=6.3
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(Figure 8) Dissolution profiles of Kodizem and Herben 90mg in dissolution medium pH=6.8
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M 4% - dAqle=sE 285 H el 7
0T

A 14 d=E d708 58 £ 8A4%

o RN 3 3 3

|
1 d &

2} B
HAF,

18 AEAQ

124 A] 71
UeEt =
g MEsi= Aoz

x| &4 Q)

MY &

Ail. AZAEAA g5 L AW ZAA
Al el o} A (diltiazem HCH 2. dAAHEE £3d d2¢8
A8qEHE
4T84 E 2 A A

1 AAAF 2 AA HA K

2. A" @ AAY (A

ZaHESH S)o uEd 4

7+

vivo A HTA A+

A A HFE A GAT

PIE ) gnzn wd ;%
978 o)8d AL A
LE
5. & 7FA1 A4

6. %ol W+
gadT 1d A%
(ELHELEL DR
°F 812-168)

3xhd =

3. 4BAIE - A 0] EE

)
=

— 1
| 1. A" HA3F : in vitro/in

=
3

k:

=8 A&HE A

o A ol&&o] oF 1658 |
i, 24X e B ¥ 8FF
L)

2

3. d4& 33

1. GI tracte] pH ®Wi3}e] u &
|{EEWE A3

2 muy QWAL e TFeT AY 27 Z}

H} 2]
3. 4EAF7I 18 |F

~ _ 04
d% 24 89 2 7 g 7

1. 90, 240mg S7H4H % ¥y =
2. YL sample(90, 180,

240mg) Al X
s |
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A 24 Yrle] zolF

1 123 =

7b Aol J3lE % E3F FAAYR

L}, in-vitro € Al8AA 24X ASA F A AR
o A3E T AAEE ¥ A%

2. 2AM3 &

7). pH W8] W& §&¢ A3} 10% ool s}
g EXR2E SHIY

o YAAE Aol R

3. 3x3d
7F 7 A 2§ AR
U, AdAAE 23 AR

A 38 dFZEAS] A V9=

HAZANE AYATHAE P Fo A A3 7I<e¥8Y T +AFHA
ALge] didtdME dFE g g B A7 Fod EE JA data
o} APAHA L formulation 71EEL B FEL AHAFAA A &8 75l
gon 53 E Ao QAT MY A5 FALE ASAH AAV EAFH L
2 MR Qe 27] £ESAAE dESTAHAYAA BAAE F UAEF FILER
o] AP & 7tFAHALS S A3 FAGH.
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MZEE coating 58 T4AF o9 S3EHE & FE9 AW AAZA &&
7he3t™, GI tract®] pH ®¥3td @& LEEWE REY 4+ UL pellet
formulationS &R 3} enteric coating & AMZF AA o 88 715310

RPEXRY GaAH7IE HASE7 JAANAEREYD 1d ZAH A3l
ool B A vAE SHAAMY AFEFF4HES YA 7IAL o, IGF 3
LEFAYE T AHHIE IPE 4 FHo|
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Setzh Al - defoba) AuktAlA (Kodizem)
FEHY Y oy YA

A 7729 e e
dgATHYR:A 4 7
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el & Hot

B RIMNE “THY AT AEA DHEoAY ZE& MUYAAAA Hdd &
3 A" BAY HEHRA “BElobF AMWAA(Kodizem)d] & L ¥}
A BEA d77Y d€ATHA BIME AESdUT.

1997. 6. 21.
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L A =

Diltiazem A% A3 (Kodizem®, 90mg, 180mg, 240mg)e <58 2 <
g5ty 54 AT

I d70ge 53 % 2874

1. 23
D Diltiazem M AP AAH FE2Fe SAE AFEUE vja JEFH.

@ Diltiazem A& A|¥e GHETH EHE EYLEAN £33 £+ EAFE
o} oFHE A W AUVB/AE HEF.

2. 984

19723 M=o AF, Y Fo AHEEHI Qe diltiazeme AW ¥HE7)
7} vl 2y Foktye = 3-5A17D), 1Y 33] Fo3iof st @] Ao AUy A A
gholl i3t AF7F AEHL U A v £ A8 59 39 diltiazem AW
A A 2] Algo] £y AAe Algr FIEn o

A% OF 3% AF2dME FEUER AU FH F3YY A
go2 diltiazem A&4 AAY Mg ATE T8t diltiazem 90mg(Kodizem®)
g 19 23 BE& A3y AAZ, 180, 240mge pellet A A 8 (Kodizem®) & 1
13) B&AANZ RARXNRY Mz TE 378 539

oldl & VoM Kodizemd UAol&E AT ABRE A AGAZE A Y
o @& AW Fele S °F= 33 (pharmacodynamic) 3t 6 24 Kodizem
FAF AXLZY PQ-TF R QT-1A9 W3e Y dF WEE FEFHS
24 Kodizem® AW AANZAY EZE AEZA .
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M |70 8 2 3y

1. A4 8

1, 2 4F d83AA T& T3 IR XFEA dIEHE JFA 69
= 1 block®&. 2 sequential design®l 23 1F~2F0Ho 2 L Algoez 23
o, YIRS AT OmgH S 13 A+ Fo& A 9, 1-25F 180mg
HAE 1359 21, A 1-2FF 240mgA S 135 o @23 483A7H71A) 1
3] 5o AEE A3 o] F 7TAII 180mgH AL 1Y 13 49 3o

2. A¥E %X % 5%

O 43 Fo AIG7|E

Fokald vt FA R heparin locked (100unit/ml) LV. Catheter& A X33
fz2¥d 10mle H3tx F4FAF 308, 1, 2, 3, 4,6, 8 10, 12, 14 % 24, 34, 48
AZH74A] ZF Tmle] 4L AH T

@ HEF AP 73

797F 19 13] 180mgutE Fo dFoAMe= 7494, 0, 1, 2, 3, 4, 6, 8 10, 12,
14, 24N 7Y 74A] 2+ Tmle] 898 A3 do.

Q B9 AT

AR GAET g dFZ L FEF, B ¥FE -20TAA BHW
diltiazem¥ £ SAHA|7}X] WERBT,

82 diltiazem &5 Z3& 93 reverse phase HPLCH & o] &34t HA
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ZA7ts T o 20ng/mlelH, diltiazem®] 3F&L2 9oF 91%oli &A Y
o] C.V.& 5%°]3}e]t}.

® EKGH PQ-3t4, Q-Tz+d 2 b4

Az F4A (90mg, 240mg, 180mg) 7| A X2 33]¢9 Y PQ-7+4, Q-T
4 ® el E SHEYH FUF 2, 4,6, 8, 10, 12, 14 R 24X 0] FY FE

HZF HE FAAdE F8A, § HEFA JiA 8LdAd dFAH 23AYYH F
AsHA i) BN HAL i) BN FA B i) 2RHA R AANHAE A
Lid=

4. Diltiazem AW A2 45 © g€y E4H BA

@ Diltiazem AR A Y &y S £4

A Ho W& diltiazem? ¢F5%3 54 AUC, tmax, CmaxE Z £ 3 A3 13
2o] AYAY L MERA AY ARE AXT BN, APY AAZA =
o) 71&9 FuEEAME N EFFAA 2= YL 2B uwgsFa B
3t7) B &o ttgd e HSvEHE 27 FEF

1) MRT(Mean Residence Time): AUMC/AUC

ii) Cmax/AUC
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iii) Pleateau time(®+ peak occupancy time): 25% %+ T75 Cmax E=
HVD(half-value duration)

iv) Tapical: Cmaxe] 25%9] T=gA]7}
v) Al & FF4EY HE: Wagner-Nelson 4]
vi') Percent fluctuation: Cssmax-Cssmin

vii) 8% ¥ % Cssave
« L AERRo AlY Ay A&

@ Diltiazem ¥ Ayl FHeH HHEY

d3 diltiazeme FT W3}l @& EKGAZA9 w3 maiv ez A PQ-7HE
% QoT, QaT, QeT<l W¥3te] 4#/d2E WA Pearson's correlation A 2| 3
T3 weoAo] AASEE B, R diltiazeme] =9 Fo§ ¥WI}E Hof
F gEetdy gAavee #AE linear, log £ Emax 483 2do 93 &
chia=3

V. |72 3

DiltiazemA1 ¥ A B 45 /dg3s SHEAET 4 d+&E @A g F9)
B pilot study2 180mgg U3 FHqsld dEFE FHYS UA] FAH
F53 EAE HEIFACL HF A7 L 88 ¥ F85E dFoY.

I..
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| S S

19729 989 TanabedlA 7HE=EHo] HAF, ZEY Fo AEHI Y+
diltiazem< AW H-3717F vl Zol(tl/2= 3-5AI13), 149 33 FA3of &
g3do] o MUIHAAZ A e A7 ASHL YUY, A 7o R 8 F
9 7§ diltiazem AEHA A ALEo] SHHAAY ALGRTY F7H5an o

F0% 18 ¢ AT2AANE FureA Qe T F9A FAe o
o2 diltiazem A&A AMAL AL A7E 3o diltiazem I0mg(Kodizem®)
2 19 23 B8 Mwy AA=Z, 180, 240mge pellet?H A A 8 (Kodizem®) & 1Y
13] BEAAZ RAFX R Ax FE J/E 590

Kodizem< #A MuA dyo] FRE 73 HFAZ HYe] =7)7F 710-1000
m(90, 180mg) 850-1400m(240mg)R T ol <A H o2 AL/ REYAE
o] £ = o] AT

Kodizem2 in vitro€ & EAL 0mgAlg e A 19 23 54 HEIIEE
¥ 13 Zo] pH 6.83t0lA 3A17e 56%A = £F0] o]FoAH 1247t
84%2] §&o] ST E Ay EAL ZH3AY. o]d vj3] 180, 240mgs] 4 ¢
19 13 T4 W& FEF EF 5L plateau’| S FABIEE 37 Y98 29
29} ol 7iESY =9 MWHAAQA Dilteland WERGFEEZ FHo, AT
24-27%, 12X1Zkell 73-80%, 24A17H) 90-95%2] &% 7I53l=E APYL A
A st em, yHO]EE&E Fo17] H43tH Diltelan]” Al BESFAET A3
ZA3% AYold.

ojo] & A FoAE Kodizem2 AFo] W& AW T EAI} FHEH
(pharmacodynamic) % e Bl 24 KodizemFH93F AAT9 PQ-7+3 ¥ QT-7
2o Wzle ¥ 9F WE S HEH22AM Kodizeme] MFAAMZH B4
& HAEIA i}
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M2 dPfusd e ¥ Ay

Al 148 WS

1. F3A S

A 9 5 dAEA & T3 SdA 22U HIEHE o HA 69
2 1 block® 2 sequential designel &3 1F~2FHo2 42 A|doE R
g, JdAE AS WmgR AL 13 3 F4E ¢A HY, 1~-25F 180mg
ZAL 13 %59 v A 1~2FF 240mgHAS 13 Fo &2F 48AI A 1
3 Bo AFE AP o)]F 747 180mgHdE 1Y 13 Fo 4.

2. 48 2 3% &F

7t. 43 Fof AG7IZE

Eorzlx Abdl =R heparin locked (100unit/ml) LV. Catheter& AHX|TF
gz 10me 33 FFAF 308, 1, 2, 3, 4, 6, 8 10, 12, 14 2 24 34, 48
AN Z¥7bA 2 Tmle] B AE AHEH

. gERo AY 7|3

7497 19 13] 180mgRtE Fo AFdAME T4H, 0, 1, 2, 3, 4, 6, 8 10, 12,
14, 24N AR ZF Tmie} BYE ARFH T

th. el A
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A ¥ AL hepainized vaccutainer FE.O| i, WA2-4TC)NA 156837 WX F
3000rpm 15% <€A EE sl HF S ¥, £ BFE -20TAAA dHU
diltiazem®x & A A 712 YERFAF}

8 diltiazem T A4S 938 internal standard2+ verapamil$ AF-83}9,
A 1mlE 5mlY diethylether® F£% o]& tA] 0.IM HCI 0.1lmlE #7])& 0]
Zo W3 AFESTH. o]lF 3200xg=E YHEHF 778 S AAsL Hdut
9] Hcl3€ HPLC injectordl U3t diltiazem $:=& ST BH
diltiazem8 ¥ %9 &AL reverse phase HPLCH o2 A3y ZAHYL 4me
Cl18 =4 ¥ Waters column(locm)<S °©| &30, o]j&i 2= phosphate buffer
pH 40(TEA 5mM)3 acetonitrile€ 70:30(v/V)EHZEE AML37 diltiazem$
238nmol 4] UV detector® FHZ3t31 ¥ X+ peak hight ratiod] 23] HE 73 Zo)
A AFE g}, ol W o] 93t diltiazemd] HA FA7lE FE=ET 9F 2.0ng/ml
o]y, diltiazem?] 3 F&L ¢ 91%°li 54 W< C. V.= 5%o|ste]t.

7. EKG4 PQ-3+3, Q-T+3 R =t

HPA+= FFA (0mg, 240mg, 180mg) 7I1AAZ 33]9 d=x PQ-H3F, Q-T
73 Q wiulLg 23H FoE 2 4 6, 8 10, 12, 14 L 24X 7o) FY 3=
o] WislE =A3Y PQ-HF 2 Q-THA L EKG monitorE& AD/DA converter
g o] 8% EKGHAFH 4 Z2IHLZ o] &3l &AM, PQ-1E L2 V1 &
V29] precordial leadS 11, QT-7tFE L leadI A QoT(QRSS AlZFAoA T
waveA Z3), QaT(QRS9 AlZAA T wave apex), QeT(QRSY A&+ o A
T waved €3)2 ST

L} 2 - Bl S RYHH
Eoko] WE AELY FAL AlY FEAZIA A AgAHQ B ¢F)
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o, 18] %o Aol Fo UARE AW DA EAL Agstn, HEE
AN )= HolE 29 13 W&o ols ANY g 23 s
ALY AW/DE 18 SAAs S5 2B
- ebzt 24 284 YA, AEA, 2 A
3 712§

(I
4 ofN o
0,
o
3
L
Ry
ol
&
e

th, Al F£85A] £33 R

HZ B2 FoiAY FEA, F BEEY 7N 8YAC] 97 23YH §
AaA QYARA AA QUASY A @ 28HA L AAPALE AYsot

4. Diltiazem AW AL <& R 4FHHH EH &4

7}. Diltiazem A#A o) F5eA B4 BA

Ao wE diltiazem® FFZE FSHL 7|&2 it AP AEHH FF
A ARAA AHEEE T el AUC, tmax, Cmax & 24 §FA3d 13 Fd
NEZ23 2 HERY AY AF3E 7HA B43%H, MEE ARz SA0]
7129 gIAdEHENNE ALPAAN} ke EHE FES DFAFA X7
 Foll g 22 gty E F7F AETH

(1) MRT(Mean Residence Time): AUMC/AUC
(2) Cmax/AUC

(3) Pleateau time(¥®+ peak occupancy time): 26% T+ T75 Cmax, E<
HVD(half-value duration)

(4) Tapical: Cmax$9] 25%°] T=gA|3t
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(5) Al WE FEEY HE: Wagner-Nelson H}-
(6") Percent fluctuation: Cssmax-Cssmin

(7)) 378 Fx: Cssave
x . BER R o Al A A&

\}. DiltiazemA ¥ R8¢l kR ea SHEA

8% diltiazem® X W3l wWE EKGAZDY W3 mavg 24 PQ-3F
2 QoT, QaT, QeT4 ¥W3te] A4 E& HA Pearson’s correlation Ao 23
B FoAe] dAHE S, ¥F diltiazemd] F=9 F¥ WEHE Ho
= 4ty sy ete] BAE linear, log £ Emax %83 Zdo o3 &
Aot
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A 22 Pilot Study 43

DiltiazemA % AP o] FF8/FHAA EHEHE AT AFE @A Mg Fo
B pilot studyZ 180mge ¥Y3) F93o 42T Z2AHYL tjA FAsgx
UF EAHS FEIFAY otd9 Hols Holg] AFNA dL AFE A
S AT oA HXo] H1¥AFEE 1131 ng/mlE FSF < 8A| 7%
odf RE3INI o]F FELLAIJAHAAE AWPe EAFS Hole AL AR
A HF AT 2= 8¥ ¥ £85E dAHor}

A2t (hour) % (ng/ml)
22.12
7.1
59.9
59.1

-
n

§

08.
113.1
06.
98.6
874
48.5
15.0

4,

ok
-
-
-

-
DN

e
N

0D | b
> | =

Hfﬁ
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dA #Rd3 d7E I FATE AW UL HeHH A7 W
AESET Aot 3 FHYH d7o Bad 4k A€ A=Yy
2477 Yt EYE] Ha% 77| olv HEE FTHRIUL o]F °ol&F AR
ol EMo] 8T AZEHAE HE F Uth
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L QRFAY: APAAANRT FAAAY AA L Hrto] BF Foj=Q.
Aokl 47} stolEael, YRFHN WM, LAY uA} 1994

2. AQRA, ojFE, dASE, AA=F, AT, A3E, Y, AHH, ol ZA:
Captopril A|AY FFHddd #AF dF AHH o&E 2L 3F
Angiotensin-Converting Enzyme A X A, <37 20(3):452-462, 1990.

3. 392 I8 ZJATA : Investigator's Brochure on Kodizem® 1997. 4
14

4. Bialn M, Sussan S, Salach OA et al: Critea to access in vivo peformance

of sustained release products : application to diltiazem formulations. J. Pharm.
Sci  84: 1160-1163, 1995

5. Bianchetli G, Dufruc C, Sultana V et ali Pharmacokinetics and

bioavailability of a sustained-release diltiazem formulation (Mono-Tildiem LP
300mg) after repeated administration in healthy volunteers. Eur J Clin
Pharmacol 48: 259-264, 1995

6. Brorson L, Arvil A, Lofdahl P et al : Conventional and controlled release
diltiazem Eur J Clin Pharmacol 47: 75-79, 1994

7. Murata K, Yamahasa H, Kobayashi M et al : Pharmacokinetics of an
oral sustained-release diltiazem preparation. ] Pharm Sci 78: 960-963, 1989
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cosmparative study of the steady state pharmacokinetics of immediate-release
and controlled release diltiazem tablets. Eur ] Clin Pharmacol 46: 243-247,
1994
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