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The Formulation and Bioavailability of Oral Sustained
Release Sulindac Delivery System
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Abstract—In order to design a 24 hr sustained release preparation of sulindac for oral administration,
fast release pellet (FR), slow release pellet (SR) and two combined formulation (1:1 and 1:2) were pre-
pared. The pharmacokinetic effect of such preparations has been evaluated using rabbits as a suitable
in vivo model, and tested in man. Dose determination was carried out using curve fitting according to
RSTRIP Il program. In bioavailability test using rabbit, AUCs of sulindac in a few designed formulations
were similar to each other. Cp.x of RF and SR were 1.8 times and 1.2 times higher, respectively, com-
pared to that of combined formulation (FR:SR=1:1). While plasma concentration of FR and SR de-
creased rapidly. that of combined formulation (FR:SR=1:1) lasted at the level close t0 Cuu for 24 hrs.
Plasma concentration of sulfide form from the combined pellet(FR:SR=1:1) lasted for 24 hrs, and its
AUC value was 1.4-fold, 2.7-fold. and 1.2-fold greater than FR pellet, SR pellet and combined pellet (FR:
SR=1:2). Thus, the combined pellet of 1:1 ratio was found to be the most effective for oral sustained
release formulation. Bioavailability test in human showed that AUC of sulfide from TSRP (1:1) was ap-
proximately 1.5 times greater than total AUC of Immbaron® administered twice in a day. While Trax of
sulfide from Immbaron® was 433137 hr (Ist administration) and 3.33£0.82 hr (2nd administration),
respectively, that of sulfide from TSRP increased to 7.17+2.86 hr. Plasma concentration of sulfide from
TSRP was sustained at more than 1.0 pg - hr/mi until 24 hrs after one dose administration. In addition,
TSRP may decrease local adverse reaction in the stomach, since plasma concentration of sulfide from
the combined pellet was low within 2hrs in the stomach. In conclusion, it is suggested that TSRP for-
mulation may be effective for oral 24 hr sustained release formulation of sulindac dosing 300~350 mg
once a day.
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Fig 1— Structure of sulindac and its metabolites.
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Table 1 — Formulation of slow release enteric coated

Table II— Crossover design for a biocavailibility of su-

pellets lindac
Quantity(mg) per Group Subject Period 1 Period 2
Process Ingredient Capsule Group 1 1 A B
pellet I pellet II 2 A B
Granule Sulindac 150 150 3 A B
D-Mannitol 17,5 10 Group 2 4 B A
HPC-L 2 1 5 B A
Avicel® PH 101 10 10 6 B A
SLS 0.5 0.5 A: commercial tablet (Immbaron *: sulindac 200 mg,
Spheronization Talc 1 0.5 1TabXx)
D-Mannitol 70 30 B: Test sustained release pellets (TSRP: sulindac 400
Pharmacoat 645 4 15 mg. 2Capx 1)
EC 100cps 3 3
Slow release Mggolose 60SH 3 3 2+ 71UTh o] tubeE A% YTFEEAA 5emZ
coating cps - - = . S
Propylene glycol 1 A5 A AUstn 94" FAPIE B3 BS vle
Enteric coating  HPMCP 55 20 20 o2 FHAo] tubedlA WA AR TE FGirt B
Myvacet® 2 2

Tokyo. Japan), 9482171 (Wifug 20008, Eng-
land), pH 3% 71(DP135, DMS, Korea), Vortex
mixer(Thermolyne), Hydrosol holder(Milipore.,
USA), HPLC Millex HV, FA filter(0.45 um,
Waters)
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Fig. 2 — Calibration curves of sulindac, sulindac sulfide

and sulindac sulfone in human plasma.

Key: —©— sulindac, —®— sulfone, —0— sul-

fide
Plasma 1.0 m¢
Internal standard: indomethacin 10 x2/100ut
Addtion of 0.2 N H;S0.(0.50¢) and acetonitrile(5mt)
Vortexing for 30 sec
Centrifuging at 2500 rpm for 5min
Organic solvent
layer 5mé
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Addtion 200 i of mobile phase
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20 it injection into HPLC
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Fig. 3— Dissolution profiles for various pellet pre-
parations and Immbaron in pH 7.2 phosphate
buffer solution for 10 hours, after pH 1.2 stimu-
lated gastric fluid for 2 hours at 37+0.5°C, 50
rpm by basket method.

Key: —A—Immbaron®, —A—spheronized pel-
let, —{+—slow release coated pellet V, —B—
slow release enteric coated pellet I,
—O—spheronized pellet: slow release enteric
coated pellet I(1:1),

—@—spheronized pellet: slow release enteric
coated pellet 1(1:2)
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Fig. 4 —Dissolution profiles for various pellet pre-

parations and Immbaron in pH 7.2 phosphate
buffer solution for 10 hours, after pH 1.2 stimu-
lated gastric fluid for 2 hours at 37+0.5°C, 50
rpm by basket method. .
Key: —A— Immbaron® —A— spheronized pel-
let, —{I—slow release coated pellet IX. —M—
slow release enteric coated pellet II, —O—
spheronized pellet : slow release release enteric
coated pellet TI{1:2)

40

Plasma concentration (ug/st)

Time (hr)

Fig. 5 — Plasma concentration-time profiles for sulindac

after oral administation of various pellet pre-
parations to rabbits. (mean*SE, n=5),
Key: —O— spheronized pellet, —@—slow
release enteric coated pellet I, —{1— spheron-
ized pellet : slow release enteric coated pellet I
(1:1), —M— spheronized pellet : slow release
enteric coated pellet 1(1:2)
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Fig. 6 — Plasma concentration-time profiles for sulindac
sulfide after oral administation of various pel-
let preparations to rabbits. (mean+SE, n=5).
Key: —O— spheronized pellet, —@— slow
release enteric coated pellet I, —{J— spheron-
ized pellet : slow release enteric coated pellet I
(1:1), —®— spheronized pellet : slow release
enteric coated pellet 1(1:2)
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Fig. 7— Plasma concentration-time profiles for sulindac
sulfone after oral administation of various pel-
let preparations to rabbits.(mean+SE, n=5).
Key: —O— spheronized pellet. —@— slow
release enteric coated pellet I, —{— spheron-
ized pellet : slow release enteric coated pellet I
(1:1), —M— spheronized pellet : slow release
enteric coated pellet 1(1:2)
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Table IIl — Pharmacokinetic parameters of sulindac in rabbits

Spheronization Sustained enteric Complex pellet Complex pellet
Parameter pellet (1:0) pellet (0:1) (1D 11(1:2)
AUCun 1wy womp 378.08£78.84 316.70+105.06 307.20+£106.79 373.98+40.96
AUMCqyy, mi2 o 4464.77+1048.64 5029.62+1902.59 5140.65+3260.04 736.95+1471.80
Conax (Hg/mMD) C 331604 23131021 C1953%544 7 TTI3T6EI8
T (hr) 6.40+1.67 10.8+7.69 11.2+7.69 19.33+8.08
ValD 6.6210.14 11.49+4.56 9.18+2.42 10.89+0.49
MRT (hr) 11.70+0.85 15.71+2.72 15.38+5.73 19.31+28.11
VRT 67.59+34.96 89.23+69.15 52.59£19.64 74.27+33.15
CL (I/hr) 0.57+0.14 0.74+0.28 0.68+0.16 0.57+0.83

Table IV— Pharmacokinetic parameters of sulindac sulfide in rabbits

Spheronization Sustained enteric Complex pellet Complex pellet
Parameter pellet (1:0) pellet (0:1) I(1:1) 11(1:2)
AUC 00 - namp 40.99+10.80 21.16+5.28 57.66+18.18 49.19+9.08
AUMCM brimp 560.69+146.15 375.13+£123.28 1111.97+439.78 994.67+67.01
Cruax (Mg/mD) 3.02+0.74 1.34+£0.42 2.92+0.64 1.6910.29
T (hr) 8.8+1.79 11.60+6.99 12.40:+7.27 24.12+0.89
Ve (D 75.24+24 91 174.99+25.33 68.68+18.82 89.27+18.44
MRT (hr) 13.84+2.43 17.39+£2.70 18.89+4.14 20.57+£3.42
VRT 78.06+£54.16 87.92+59.13 86.57431.57 76.06+44.72
CL (D 5.36+1.26 10.26+1.88 3.69+0.90 4.31+0.53s

Table V— Pharmacokinetic parameters of sulindac sulfone in rabbits

Spheronization Sustained enteric Complex pellet Complex pellet
Parameter pellet (1:0) pellet (0:1) 1(1:1) 1(1:2)
AUCsnieg v 1488.73+-96.96 1235.83+209.13 1388.74+375.19 1030.29+£99.45
AUMC sy - neimp 29828.09+3254.03 25553.96+7507.38 3139.46+6854.29 25447 52+4330.67
Comax(ig/mi) 50.86+3.46 47.41+3.58 51.29+15.63 41.51+8.72
Tumax(hr) 16.4+6.99 10.8£1.79 18.80+7.16 32.00+13.86
V(D 3.43+0.25 3.43+0.25 411+1.32 5.04+0.95
MRT(hr) 20.08+2.61 20.28+3.03 23.22+5.63 24.96+6.59
VRT 105.29+64.06 99.34+41.55 122.87+35.17 86.00+76.88
CL (i/hr) 0.17+0.029 0.174+0.03 0.17+0.03 0.20+0.022

1 B3xure) 85%9 70% AEo)den) Subyg At
2 21.16+5.28 pg - hr/mIS=Z 1:1 B&=uke) 40%
ol FEoE /1 B &S 4 & At BEA oAl
ARl o] AUCE &4 "3 vfo] 1488.731+96.96
ng - hr/mli 7}.;4 =0 1:1 _\_g_z};.]uh,]. }\1 HM—] ;qm—
wog 7o 1:2 ﬁ%‘ﬂ” o] 7h vttt A
A} Cpus SWA pellet Mol 33.17+6.04 ug/
miZ 7} 323 AHA dEajuke Lk pellet94
70% A=l 23.23+10.21 pg/ml oIReH, 1:1 B
qufo] 19.53+5.44 ug/mlZ 60%, 1:2 B3]
13.16+1.8 pg/miE 40% A=Y oz ztzh 7+4as)
Ak Hoej=9] C .2 FUA pellet A8 1011 &
Aol z+ 7 3.02+0.74 £ 2.924+0.64 pg/ml 4o
™ 1:2 B Ay asAge]l 2+ 7h 1.69+

0 29 2 1.341+0.42 png/mi=E Al £ o]
FE O 0] 247 & 5 ATt
AEZ A9 Cs 40~50 pg/mi Abol 9] gto 2
o4 sle AolE BojA e BUT) T A8
AY &4 dEAYn A gsage] #4 Z
6.4+1.67% 10.8+769hr Jom 1:1 5L
11.2£7.69 hr, 1:2 23342 19.33+8.08 hr |z
7 B TF Co/t Z2dgon, Adiolzg
t— 5—7— At A gEapge] 7+ 2+ 8.80+1.79
2 11.60+£6.99 hr o1, 1:1 Bgjuto] 12.4+7.27
hr2 W&o] Adgg & + ANt 23, 1:2 B3
e 241240.89 hr Tpy, ERAZO L% o)
74]—’—‘7@}/‘]7]-1-2} e 2 48 Y e g
Ao AgHAh, M9 coating pellet
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Fig. 8 — Correlation curve between 80% dissolution
time in pH 7.2 phosphate buffer and Cua. of
sulfide after oral administration to rabbits.
(mean+SE, n=5).

Key: —@— sustained enteric coated pellet I,
—{}— complex pellet I(1:1), —M— complex pel-
let I (1:2)
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Fig. 9— Plasma concentration-time profiles for sulindac
after oral administration of Immbaron® and
test sustained release pellets (TSRP). respec-
tively to men. (mean+SD, n=6).
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Fig. 10— Plasma concentration-time profiles for sulindac
sulfide after oral administration of Immbaron®
and test sustained release pellets (TSRP),
respectively to men.(mean+SD, n=6).

Key: —0O—Immbaron®, —@— sustained
release coated pellet. complex

Plasma concentration (ug/st)




68 ol AF - Uk

3 - 385

Al Juke & HEARE M en 3209 Azt
Al TSRP 400 mge 13]ol 7753k, th& 314
Alrr dlZAIE 200 mg¥ 12 A7 A o 2 23]0)) v
o] ZATFolstrt. A AR HEF S
HPLCEA SR A& gy ddgdselxs I 4
&9 W3lE Fig. 9~11e] Uelfz, o
dataZ %€ 22& moment A2 ZF hatv

N
EEE

Plasma concentration (ug/mt)

O"O 4 8 12 16 20 24 28 32
Time (hr)

Fig. 11 —Plasma concentration-time profiles for sulindac
sulfone after oral administration of Immbaron
and test sustained release pellets(TSRP).
respectively to men.(mean+SD. n=6).
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sustained

Table VI— Pharmacokinetic parameters of sulindac in man

EHAUC, AUMC., Crax. Trax. Vss. MRT % CL)32
F&ticHTable VI~VID).

Zubyd AAe) Ao 23 Foslmg 12 A7 D
2 7} z} gepdlels ety on AMERAAIE 32 Al
7742 @314 data plotting 3tod Bratvjele 78}
o=y

gk oJulE®g 12}9} 23t Z+ 7} 200 mg® Fod
31 u Z4E dude] AUCE 15.68%+2.70 ug -
hr/miz 32.72+5.52 pg - hr/miZ 23} 5 A]7} 28)
Ax 27190 TSRPAAE Auke®e) 2ufel 400
mge 1xbol] Fod o) 42.75+6.98 pg - hr/miZ <
2.7 die] & AUC g& 7hsen, dnlEe] A7z 1
Fo| 2 o] TSRP AlAE 23 Fo& AUC gtel 57t
g Ao Z Ag AUt

Tous YuHE®] A 124 £F 2334069 hr,
23} Bd% 1.67+0.45 hrol =23t on, TSRPE
5.00+£1.01 hroll A T, Edsle] W&o] AFES
golstgnt. w3 4 AAE 200 mg¥ 13 49
A Cras 4.31£1.18 ng/mi 01908 400 mgs &
Alo)l cjdt TSRPAAS] Cpps 8.12+1.48 pg/ml
o)At

Fast release Immbaron®

Sustained release coated
pellet 1:1 mixture

Parameter

first dose second dose first dose
AUCan(ng - hr/m]) 15.68+2.70 32.72+5.52 42.75+6.98
AUMC:(1g - hr’/ml) 66.92+15.30 553.33+86.78 451.99+105.86
Crax(g/ml) 4.31%1.18 4.6+0.78 8.12+1.48
Tumax (hr) 2.33+0.98 13.76+16.22 5.00x1.10
Ve (D 56.02+86.78 105.76+16.22 79.99+14.85
MRT (hr) 4.28+0.96 16.94+0.53 9.42+1.65
VRT 9.34+1.83 26.30+4.05 51.96+11.81
CL (I/hr) 13.04+1.84 6.25+0.92 8.52+1.12

Table VII— Pharmacokinetic parameters of sulindac sulfide in man

Fast release Immbaron®

Sustained release coated
pellet 1:1 mixture

Pharmeter

first dose second dose first dose
AUCsan (g - hr/ml) 12.26+3.00 36.62+8.08 63.461+-18.96
AUMCsa,(pg - hr’/mi) 72.30+16.32 695.86+-161.68 792.611+2220.79
Cumax (Mg/ml) 2.06+0.47 3.27%+0.39 590+1.28
Toax (hr) 4.33+1.37 15.33+0.82 7.17+£2.86
Vs (D 99.22+27.11 106.99+19.56 83.75+£20.41
MRT (hr) 5.841+0.55 18.89+0.72 12.49+1.00
VRT 7.641+2.07 27.91+4.03 45.93+9.15
CL (i/hr) 16.91+£3.89 5.70x£1.19 6.69+1.49
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Table VIII— Pharmacokinetic parameter of sulindac sulfone in man

Fast release Immbaron®

Sustained release
coated pellet 1:1 mixture

Pharameter
first dose second dose

AUCu, (g - hr/m]) 10.32+3.00 27.79+9.88 34.461+5.89
AUMCs,{(ug - hr¥/ml) 62.124+15.06 544.17+194.93 510.101-88.62
Crmax (Bg/ml]) 1.52+0.51 1.80+0.61 2.26+0.19
Trmax (hr) 4.42+2.65 17.00+2.45 10.00+1.81
Vs (D 126.52+35.81 150.29+33.77 175.82+29.72
MRT (hr) 6.17+0.57 19.45+0.80 14.80+1.34
VRT 9.71+1.53 33.71£4.05 70.15£20.08
CL (I/hr) 20.72+£5.19 7.76+1.77 11.88+1.74

YulE®el 13} Fofa] duo|=e] AUCE 12.26+
3.00 pg - hr/mio|Ax 22} FA] 36.62+8.08 pug
“hr/miZ 39 A= F71EI9lon, o] AR
A3E QA A e S/ AeRE 2% £
itk TSRPAIE-& AUC/} 63.46+18.96 pg - hr/
miZ Foj#e] 2u] F7tol vs) 52809 & AUC &
£ 7IAY B, Toas 13 F93 vl 0) 433+
1.37 hr3} 23 $4%F 3.33+0.82 hrE thAHA A S
27} 22} o Fof #abH S 4 + UM, TSRP
o A%E Tt T.17+2.86 hr2 QYL AT
Z At

Com= QYRS &} A% 1218} 23} T ol Z+2} 2.06+
0.47 pg/miT 3.29+0.39 pg/miZ 158 o} Z7}s
A3, TSRPY) Cpu= 5.90+1.28 ug/miz Yol )
28 Fod ol w3 2,88 F7FEISAE) AEL AUCE ¢
ukE o] Z}z} 10.32+3.00 pg - hr/mlz} 27.79+9.88
g - hr/mIelZ 2, SRP 4] 34.46+5.89 ug - hr/
miZ Auto| = AN F7te] vl W FUE8 B
. Fig. 92 10914 dag3) duo|zo] 55T E
R By 2 AR 9] 8555 r) A me §
Fob= 28], TSRPE FE3woz Yoo F4e
AFEDZ 3 Aj7E o] 3ol HFFET} FH 3] 7150
Addy dufelet zb 72+ 6 A7k 5 AIZF kel
Coas BT Add 25 TSRPY 7$ 8 A7t o)
£ F73] gAao] 16 AZHRE 24 AR A 0.5
ug - hr/mi °J3te] @2 EF 5T E Hold ole WE
== prodrug®] AAthe] Aol A 2ka} L Fnk-go
o3 dAHZ 243 AolsE Hog Alsdnt Ay
ol=9] FEEE 1 FoiA| Uulg®e 3¢ 0l
Sk F A43) Zasied vis] TSRP Ay 131 4
T2 7440 24 AIZAl A&H 02 1 pg - hr/mi o]
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14 13] T4 ko] MubAdAIAQ TSRP #Al=
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YAIZHE JjdEonz o Z G E X EA
A&EH AL 7T Aoz Algd.

3 ol f FolA FEUES AAlste] Hu o
EEFTE AGEoEN 7844 SEE s
T BALE AN U Ao AEY EF
AutE®o N 12} FoAA KT} 23} T A @ of
AHES 5557 S7HE 232 Bu), A9hAd A4
(TSRP)E 24 A7t o] % ¥tE 234 HH Aylo]=
9] FEEI B T8 AL dEHe dFFsx
A R Z=AHE A% BAF AL ERE 7O = AE
Ao g Az},

Bo{ BAIY - 2% APNYozREH gupz®
(19 200 mgx 233 MUAAA(TSRP, 19 400
mgXx13]) EFAM C.,E Addge] 7P¢ £,
AUCE 84 diAlAel Aol diabaiz} 714 =4
el Wl E3F TRSPE 59319 wole gulE
of w3l daete] A AUC7E 1.24), dufol= o
Abate] 73 1.49) F7ksiich 13i2=2 TRSPY £
& 300~350 mglE ol Aol FalHolz A
®t}. Fig. 12~14914 TSRP £3& 1Y 300 mg
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Fig 12— Plasma Concentration-time profiles for sulindac
after curve fitting of data obtained from oral ad-
ministration of Immbaron(200mgx2 per day)
and TSRP(400mgXx1 per day). respectively to

men. Key: -~ predicted data at the dose of
300 mg, --—-- predicted data at the dose of 350
mg
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Fig 13— Plasma Concentration-time profiles for su-
lindac sulfide after curve fitting of data ob-
tained from oral administration of Immbaron
(200mgx2 per day) and TSRP(400mgx1 per
day). respectively to men.

Key: predicted data at the dose of 300
mg, ———— predicted data at the dose of 350 mg
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Fig 14— Plasma Concentration-time profiles for su-
lindac sulfone after curve fitting of data ob-
tained from oral administration of Immbaron
(200 mgx2 per day) and TSRP(400 mgXx 1 per

day). respectively to men. Key: - predict-
ed data at the dose of 300 mg, -—- predicted
data at the dose of 350 mg
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Fig 15—Plasma Concentration-time profiles for su-
lindac and its metabolites after curve fitting of
data obtained from oral administration of
Immbaron(200 mgx2 per day) and TSRP(400
mg X1 per day), respectively to men.

Key: — predicted data at the dose of 300
predicted data at the dose of 350 mg
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Table IX — Pharmacokinetic Parameters of Immbaron and TSRP after Curve Fitting

& Sustained release AUCs1
Immbaron coated pellet 1:1 mixture Ratio*
Parameter AUCam AUCe AUCom AUCw (Imm/TSRP)
(ug - hr/ml) (tg - hr/ml) (1g - hr/ml) (pg - hr/mb)
Sulindac
Fitting Curve 37.844 37.971 45.294 53.090 1.20
Trapezoidal Integral 42.308 43.946 45.396 87.319 1.07
Tamax (hr) 1.79 hr 4.38hr
Cmax (tg/ml) 4.05 ug/mil 4.71 ug/ml 1.16
Sulindac Sulfide
Fitting Curve 42.968 48.104 62.141 66.057 1.44
Trapezoidal Intergral 45.424 51.825 64.667 68.760 1.42
Tamax (hr) 42,968 48.104 62.141 66.057 1.44
Crax {g/hl) 45.424 51.825 64.667 68.760 1.42
Sulindac Sulfone
Firring Curve 30.040 42.476 29.693 106.78 0.99
Trapezoidal Integral 31.630 44.115 31.418 123.00 0.96
Tmax (hr) 300 hr 638 hr
Cmax (Mg/ml) 1.51 pg/ml) 1.63 pg/m! 1.08
Sulindac & its Metabolites
Fitting Curve 118.25 124.59 142.64 187.37 1.21
Trapezoidal Integral 119.44 132.39 140.47 208.46 1.18
Thax (hr) 2.48 hr 5.78 hr
Cuax (Hg/ml) 7.90 ug/m! 9.89 pg/m! 1.25

*400/350=11.14, 400/300=1.33

i &
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AL 24NNA A&Ho 2 C,, St AR 5E
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= 93 A9l pelletS 1112 Z§3F X{dto)
24AZR] ALH 02 FAHUN, AUCE &34 &
SaA9 14, b gE AR 2749 2 1:2 B3
A 1.280 FristdA L BEFol 713 284
AAE & 5 YAt

3. A9 AAo)§EFH dupe]=¢] AUCE TSRP
Aol dulZ 9 1, 23 Fo 3 F AUC B} ¢ 1,
58] Z718l9 e, Towes UBFE o] 13 2 23} FodA]
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