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Abstract — Silibinin(silybin) is the active component of silymarin from Silybum marianuwm and bas hepato-
protective effect. It is water-insoluble and has low bioavailability. To improve its bioavailability, self-micro-
emulsifying drug delivery system (SMEDDS) has been developed by Hanmi Pharmaceutical Company
(Silyman® 140 soft capsule). In this study, the pharmacokinetic profiles of Silyman® were examined and com-
pared it with a reference preparation, L. Caps140 of B Pharmaceutical Company. This study was approved by
Yonsei University Severance Hospital IRB(approval No. CR0004) and followed the bioequivalence test guide-
line of Korean FDA. Eighteen healthy adult volunteers were allocated based on 2 X 2 Latin square cross-over
design. They were given 2 capsules (each contains silymarin 140 mg (60 mg as silibinin)) of either drug at each
period and crossed over after a week of drug-free washout period. Blood concentration of silibinin was mea-
sured by HPLC. The C,,,, and AUC of the Silyman® were 1542.0 £ 402.7 ng/ml and 3323.3 + 824.7 ng-h/ml,
respeclively, and were significantly higher than those of reference preparation. The T, ,, was 0.8+ 0.3 h and
significantly shorter than reference preparation. The K, and T}, of both drugs were comparable. Percent differ-
ences in means against reference preparation were +88.3% for AUC, +222.6% for C,, and -61.1% for Ty,
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FEF49 A& : Silibinin stock solution (1 mg/ml, meth-
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methanol® B3l 2 %=} | ugmit =% .
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Model ASL 100 Auatosampler (Dionex, USA), Model STH
585 Column oven(Dionex, USA), Model UVDI1708 UV
Detector (Dionex, USA)

Cohunn : Kromasil KR100-5C18, 5m, 46mm IDx 230
mm L(Eka Chemicals)

Mobile phase : Methanol/0.01 M KH,PQ,(pH 3.0)=54/46
(VIV)

Flow rate : 0.5 ml/min

Detection : UV Detector, A=288 nm

Injection volume : 50 i

Column temperature : 40°C
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Aot & 7453, 4 HJE2A 2 F oA ofEE
A Ax] Al N AFTFZHE K-BEtest® A2 F
AR ver 3.30(0199F 5, 1998)2 of-43le] FAIAE
slod BAS] o] @zl TiEL AlFke] BAA}), HAREA
F7373 (alpha=0.05), BIA=AIE @A 78X}, Wzl At
Hi AZ3} %: ¥4 (Lamda)), 21384 (BAXE] 41381
A90% AHATA)) 5 T A¥AHAE AT+ BT
HA2 FABE

z
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Table 1. Individual serum concentration(ug/ml) of silibinin and pharmacokinetic parameters afier single oral administration of L ¢apsule

140 (120mg as silibinin) of B Pharmaceutical Company

Time after adminitration (h)

Subj.

AUC Cmax Tmax

0 0.5 1 1.5 2 3 4 6 8 10 12 (ngh/ml)  (mg/ml) (h)
KIH ND 99 317 360 407 387 16 65 51 31 23 15713 407 2.0
PH ND 29 76 274 247 431 234 106 66 40 36 16168 431 3.0
RIS ND 43 785 690 510 278 257 18 130 106 89 29345 785 1.0
LHM ND 267 436 304 248 490 151 65 44 ND 26 1650.0 490 3.0
LIW ND 8 127 152 147 303 196 147 86 42 34 14728 303 3.0
JISM ND 68 177 535 382 309 242 157 124 73 52 21085 535 1.5
NH ND 63 323 558 404 271 152 77 44 35 33 16170 558 1.5
KBW ND 122 153 170 220 476 268 103 70 40 37 17285 476 3.0
KCK ND 202 288 277 170 146 97 85 66 38 30 12105 288 1.0
KHK ND 54 .172 155 209 315 244 93 70 35 28 14523 315 3.0
CHW ND 34 352 472 488 250 126 55 39 32 28 15140 488 2.0
PYM ND 346 652 549 446 335 206 99 53 31 32 21500 652 1.0
LWJI ND 21 36 43 275 416 142 46 35 25 ND 10973 416 3.0
KCK ND 41 263 313 391 288 209 113 63 35 28 16533 391 2.0
LIC ND 337 465 428 376 223 196 77 49 35 27 1763.0 465 1.0
PKW ND 126 195 473 520 285 160 83 46 27 ND 16240 520 2.0
GSY ND 167 221 329 496 282 189 118 50 41 34 17480 496 2.0
LSH ND 510 588 421 449 437 320 240 87 65 54 28513 588 1.0
Mean 0 1670 3126 361.3 3547 3290 1947 1064 652 396 440 17646 4780 2.0
SD. 0 1504 2044 1609 1237 922 593 493 269 135 141 4816  123.8 0.8
N.D.; not detected
150 | 61.7%, = 29.97%¢°)3ic}. A o) 2B (BA) 22} 90% A1)
A M dzeke] e delta % AHATFZES 77
= o Ao g 68.7~107.9%, 186.5~258.7%, -78.6~-43.6% ©|¥c}, =
B 100 o Testdu ol gk AFere) Aol Aol L-E2 188.3% ©|uTt
g (Table IV).
Q
£ =0 3. oF=0lAMLS
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Time (h)

Fig. 1. Plasma concentration-time curves of silibinin after oral
administration of two silymarin preparations(120 mg as silibinin)
in normal volunteers.Reference drug; L capsule 140 of B
Pharmaceutical Company. Test drug; SMEDDS Silyman® 140
soft capsule of Hanmi Pharmaceutical Company
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= A3 ko] djR:efo)] w]Ste] FFeF=-Al7t FAF ©H
L 1883%, HIPTLEE +202.6%, ]J_ﬁ—g-l'-'-i ==
AlZFE -61.1% olsiet. =3, Fx AEAE 22k 33.5%,
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Az % THE BEEE Bl FERA 7] Hake
o] g AL AL glod wfeia ke gleiA
ZGEEA 43}7%] de] AMEE glet 28 o] okE

< Silybum marianum(Cardus marianus)®] FAAELZ

Eol] & 5] ool A o) EFe] B PHo] et o) F
Hestr] 3t ¥ Zﬂﬁéf— AeuiRAA 7L AT, AR
912 (Barzaghi =, 1990; &<, 2000; Gatti % Perucca,
1994; Lorenz 5, 1984; Morazzoni 5, 1992; Morazzoni
5. 1993; Savio %, 1998) HA7R] Fjel] AlH=1 9]
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Table II. Individual serum concentration(g/ml) of silibinin and pharmacokinetic parameters after single oral administration of SMEDDS

Syliman® 140 soft capsule(120 myg as silibinin) of Hanmi Pharmaceutical Company

] Time after adminitration (h) AUC Cmax Trmax
Sub) 0 05 1 1.5 2 3 4 6 8 10 12 (uelvml) (mg/ml) (b
KIH ND 1517 1135 564 348 146 77 50 51 37 30 24705 1330 1.0
PH ND 1137 1180 793 449 377 201 92 87 55 41 45653 1696 1.0
RIS ND 582 1779 1345 815 515 414 223 153 16 77 4630.5 2214 0.5
LHH ND 313 1611 946 744 585 259 79 71 63 54 25043 1695 0.5
LJW ND 1383 1047 751 415 252 193 95 66 55 47 2682.8 1296 1.0
JSM  ND 1920 1450 999 731 269 368 169 155 130 114 35320 1749 0.5
ITH  ND 1099 1055 1005 858 637 253 101 67 57 38 31190 1984 0.5
KBW ND 700 1235 967 717 310 184 73 73 39 35 32065 1633 1.0
KCK ND 1940 1164 702 567 265 182 82 61 44 35 20043 495 1.5
KHK ND 94 1330 844 776 306 149 36 34 29 27 24365 1517 0.5
CHW ND 522 1696 1432 827 548 400 225 133 93 70 30793 1180 1.0
PYM ND 2214 1423 923 714 436 378 le4 132 76 68 46613 1779 1.0
LWJ]  ND 1695 1087 547 283 139 105 61 54 36 29 34465 1611 1.0
KCK ND 140 1296 868 535 325 199 9] 92 50 40 29223 1383 0.5
LIC ND 1749 1402 875 482 323 207 98 78 62 43 45758 1920 0.5
PKW ND 1984 1332 775 396 260 163 47 43 33 26 37275 1099 05
GSY ND 617 1633 600 628 456 201 132 72 54 37 2979.8 1235 1.0
LSH ND 56 387 495 467 266 230 124 92 50 42 32753 1940 0.5
Mean 0 10923 12912 8573 597.3 3564 2313 1079 841 599 477 33233 15420 0.8
S.D. 0 7304 3171 2498 1815 1439 983 557 363 279 223 8247 4027 03

N.D.; not detected

Table III. Pharmacokinetic parameters after oral administration of two silymarin preparations (120 mg as silibinin) in normal volunteers

Reference drng? Test drug® P value
AUC (ngh/ml) 1764.6 = 481.6 33233 & 8247 <(.0001
Cmax (ng/ml) 478.0 = 123.8 1542.0 = 402.7 <0.0001
Tmax (h) 2.0 £ 0.8 08 £03 <0.05
Ke (/h) 0.21 £ 0.05 0.20 £ 0.04 NS
T, (h) 3.5+ 0.8 36 + 08 NS
Relative bioavailability (%) 100 288.3

a: L capsulel40 of B Pharmaceutical Company,

b: SMEDDS Silyman® 140 soft capsule of Hanmi Pharmaceutical Company
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7 52U =27]7F 100 nm o] slelot. =3t F, 91F
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= g A=A vaFpA e o]
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welloh #7ke dgde] vl g HugEsse
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Table IV. Summary of the statistics® of the pharmacokinetic parameters after oral administration of two silymarin preparations® (120mg as

silibinin) in normal volunteers

AUC Cmax Tmax
Percent difference in mean against reference drug 88.3% 222.6% -61.1%
Least significant difference 33.5% 61.7% 29.97%
Noncentrality 1.78 0.97 1.99
Confidence interval for difference in bioavailablity (%) 68.7%~107.9% 186.5%~258.7% -78.6%~-43.6%
Estimation about bicequivalence Not equivalent Not equivalent Not equivalent

a: Statistics were analyzed at the level of ¢=0.05 and B=0.2

b: Reference drug; L capsule 140 of B Pharmaceutical Company, Test dmg; SMEDDS Silyman® 140 soft capsule of Hanmi Pharmacentical

Company
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