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Abstract — The bioequivalence of two cyclosporin A products was evaluated in 26 normal male volunteers
(age 25~33 yr, body weight 56~84 kg) following single oral administration. Test product was a hard capsule
containing the granule of cyclosporin A (Chong Kun Dang Corp., Korea) and reference product, Sandimmun®,
was a soft capsule containing surfactant, oil, alcohol and cyclosporin A (Sandoz, Swiss). Both products contain
100 mg of cyclosporin A. Four capsules of the test and the reference product were administered to the
volunteers, respectively, by randomized two period cross-over study (22 Latin square method). Average drug
concentrations at each sampling time and pharmacokinetic parameters were not significantly different between
two products (p>0.05); the area under the concentration-time curve to last sampling time (24 hr) (AUC;_z,)
(5034.8+1760.6 vs 4635.4+1158.9 ng - b/ml), maximum plasma concentration (Cpe) (1002.74353.1 vs 980.
4+171.7 ng/ml), and mean residence time (MRT) (6.16+0.81 vs 5.644+0.50 h). The differences of mean AUC
0—24y Coey Tinax and MRT' between the two products (7.93, 2.22, 16 and 8.39%, respectively) were less than 20%
given as a guideline. The power (1-B) and treatment difference (A) for AUC, 3, Cus and MRT were more than
0.8 and less than 0.2, respectively. Although To. of the two products was significantly different each other (p<
0.05), Tae might be an insignificant parameter because cyclosporin A generally requires long-term
administration. From these results, the two products are bioequivalent.
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Scheme 1. Schematic diagram for the preparation of solid
micelle dispersion (SMD) of cyclosporin A. Alof 1l 2|13
Table 1. The results of physical examinations of the volunteers
Subject Age Height Weight HT* RBC* GOT* GPT* Glucose CHOL* BUN* Cr* HBS  Chest
No. (yrs)  (cm) kg) (%) (gd) QU @U/A) (mg/dl) (mg/dl) (mgAdl) (mg/dl) Ag, X-ray
NR* ** 69.5+83 41-53 13-18 8-40 5-35 70-105 130-230 7.0-20.0 1.65¢]3}
1 31 167 68 46 15.2 25 22 94 203 10.8 1.2 - normal
2 30 161 60 45 15.7 20 28 100 176 10.6 1.2 - normal
3 28 161 83 49 16.7 25 35 89 172 152 1.1 - normal
4 31 172 75 48 16.1 22 24 96 146 15.4 14 -- normal
5 31 169 74 42 13.8 14 14 100 146 12.9 1.2 - normal
6 34 175 74 50 16.4 21 30 85 194 247 1.3 -+ normal
7 30 178 84 47 15.8 25 29 87 220 13.2 1.4 - normal
8 30 165 76.5 46 15.6 36 29 94 203 9.1 1.2 - normal
9 30 169 72 44 14.4 33 23 78 197 10.4 1.1 -+  normal
10 27 169 76 42 14.5 36 23 78 224 84 1.1 - normal
11 28 175.4 73 49 16.6 23 27 90 151 14.3 1.1 ,+ normal
12 30 173.2 77 53 175 19 24 87 188 135 0.6 - normal
13 32 170 64.2 51 16.9 19 18 101 169 9.0 1.0 - normal
14 26 17 62 45 15.1 25 26 79 189 10.3 1.0 - normal
15 26 165 58 46 15.3 27 17 96 128 10.0 1.2 -+ normal
16 29 180 74 46 15.1 27 23 115 165 12.0 1.3 - normal
17 27 173 55 48 159 22 15 81 132 10.2 0.7 - normal
18 27 173 79.4 52 17.6 29 37 82 180 13.8 1.0 - normal
19 27 171 58 48 16.2 18 16 82 182 11.8 1.0 - normal
20 33 174 66 47 16.1 29 29 88 146 10.7 1.2 +,- normal
21 25 169 56 44 15.0 23 14 92 223 18.4 0.9 -+ normal
22 33 172 74 43 14.6 19 12 88 147 10.2 1.3 +,- normal
23 28 175 68 50 172 20 10 94 156 12.5 1.2 +,-  normal
24 33 175 68 47 15.9 22 21 60 168 10.7 1.3 +, normal
25 28 170 73 41 15.8 16 25 90 173 11.2 1.4 - normal
26 31 165 59 40 144 16 11 68 111 11.5 1.3 +,- normal

*Abbreviations: HT (hmatoerit), RBC (red blood cell), GOT (glutamic oxalacetic transaminase), GPT (glutamic pyruvic transaminase),
CHOL (cholesterol), BUN (blood urea nitrogen), Cr (creatinine), NR (nommal range). **Represents the normal range of each blood

chemistry examination.
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EDTAL KantoA} (22)8] SFAek, 244 vehee
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7|72 y-scintillation counter(Packard Instrument Com-
pany), HPLC system(Hitachi: Hitachi I-6000 pump, Hitachi
L-4200 UV-Vis detector, Hitachi D-2500 chromato-Integra-
tor, Hitachi 655A-52 Column Oven) 52 A-&-35lgr}.
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2 AR At AFAS] QL 25~344 (T 29.44)
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A S 1815 4% <F 200 mle] 22 13 A
Fojala, oFEFo] 2 = Feo] 2 05,1, 1.5, 2, 2.5, 3,
4, 6, 8, 12, 244 7}o] EDTAA S FA712 & = =
2236 of 3mie) FHRE A5k

AR FQG Adalalsh A8 Askw, oF 104
o] F(FY LAZNRE F o|sle] oAm £7 $4=
Feigrh. AR Yol FEA 6 4E-& Fosta o F
of T AR LAY $AH S BE Foka, EFo
4 A7l F&A) Aglo] FUE AALE 3= gl

AAH oz AAT 3mle) FAL EDTA AH D2
ol 9z A £Ee} £ F =Folofol g ALgete] F
SyEAzch. Ado] BF B Tl FAAAA 80T
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Scheme 2, Analytical procedure of cyclosporin A in whole
blood using the radioimmunoassay method.

CLO-Trac® SP-Whole Blood(INCSTAR Corp.)3- ©]-8-5}
v}-&-5) 7h& Bl (Scheme 2)0. % AlLA| 3L THWOIES:, 1989;
Plebanis, 1989).

&) 100 g(whole blood)e] w|¥hg 400 112 7}s}e]
602 F-<F 23] Ak T 1600 gollA] SE7F ¥4 2#)
slgich. wiwkE & 504 F3led ycountingd ATl
YW J)= gke] Aok & "I Cyclo-Trac SP 100 ul¢} Anti-
Cyclo Trac SP Immuno-sep 1 mlE z}z} 7}l 2%3] A
B o8 A-220-25C)0llA 1A17F HhA] sl ). 2L S5
ol 4] 1600 g2 207t A4l 2] 5le] A AL e A
e 1 AR AT Hell ATZ AAFH. Aoz
Al H kol AL y-countingdte] FEA AL gl she]
oFEe] FEE A o)W AR WAlEE well
type -scintillation counter(Auto-gamma 5000 series, Packard
Instrument company, Meridin, CT)2 23] 3}¢]r}.

RIA kite]] 9l ZFE-H o Z=kdS A4 she A4k
v-countere]] WA=e] gle E 2799 RIA % =(logistic
curve fityg o]-8-5}e] E= cyclosporin A2] ¥ (ng/ml)S
A&kt
EEAE

Cyclosporin A ¥5Z F 100 mgS ALsHA #3}e] 100
ml 47 Faged Y Feoehdg rlsle] £ AA
100 mlE 7HE d-E ZFEHe g sheir).

Aok 20 HAS #sle] S AAGE HE-EL A
5 ol B T Ttk B Sl dske FE
A gsiA Fslel 100 ml £ FepaFe] Y dke 70
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mlE 7¥se] 20 E2t 2350l AR F w2-g 713}
100 ml2 "FE A& AP el gt AJ o= sgint.

xok 20 A& Aste] 22 AN F JL4-ES 100
ml-§-7F Fepiol Haha Ml A Fdede AN
3ol P AL F FolstE-g 71stke] 100 ml2 shedet
o] & 5mlE H3e] AZE 100 mlg3F Eefrzo]
3 el EE 71ete] 100 miE WHE AL df o] o
& 7 o 2 3}THUSP, 1995).

Zofe] AR HPLCH. 22 AAfsiglen] 1 2712 o}
<3 2k

71719 : Hitachi L-6000 pump, Hitachi 1-4200 UV-Vis

detector, Hitachi D-2500 chromato-integrator, Hi-
tachi 655A-52 Column Oven

#£#]3 : Lichrosorb RP-8 5 um (250X 4 mm)

Feld 25 70T

o)Al 1 obA| B B /B /m %8/l AH(550/400/50/0.5)]
=

+ F:1lmly
Ae7] A F-FFF2A) (210 nm)
TR 10 4

1744 9| cyclosporin A2} §Hake th2-2] A(1)d)] whet
Axkatg et

cyclosporin A2] k(%)=
100x EEES] FmgxFFF ook Ao Hoja BA
100 mg
A9 slolz A3 0
EEEDIECERE:

GELCIEN BAM

HVHFEE(Cory) B AT ECHA Ty 8
FUHEFE-AZ T4 02 e AF g9l

242 7p7HA) 9] H gk A7t T8t WA (AUC,..0)
L A E 2a)d o) sl
EA51A

F AAZL AEFH L 2 FH5IRAE vl wsl) o8 =¥
HARAATY 2 #9415 (1994, 2. 7)ol] whe} EA=
AAE Pk F 4 FAREA S 3 oL A2 (-
B), HAaAHEAHA) Tl A8 AA shdvH A, 1989).

SRR

EtekAlE

Aok} gjz2ke] cyclosporin A e 4 A HL Al
g+ 23} Table IIef] 1<) w2} Zko] cyclosporin A2] §13Fo]
Aok 99.54+£0.51%, AFEFL 100.9+1.97%2A F

Table L. Assay results of two cyclosporin A products

Number Assay (%)
Reference Drug Test Drug
1 98.72 99.78
2 102.15 99.88
3 102.10 98.95
Mean+S.D. 100.99+1.97 99.54+.0.51

*The contents of two products were not significantly different
(p>0.05).

Table ITI. Blood concentration of cyclosporin A (ng/ml) after
oral administration of cyclosporin A products (cyclosporin A
400 mg/subject) in volunteers

Blood concentration of cyclosporin A (ng/ml)

Time (br) Reference drug Test drug
0.5 575+ 809 79.3+ 79.3
1 376.413504 477.1+246.0
1.5 684.8+494.7 818.3+2943
2 822,71 458.9 905.61+210.9
2.5 790.44+390.3 817.0+151.2
3 683.0£315.3 677.8+160.7
4 590.3+£234.1 461.5+108.4
6 319.7+156.8 266.0+134.4
8 211.0+103.7 173.6+ 68.3
12 99.7+ 36.5 84.1+ 31.2

24 336+ 16.3 26.8+ 14.3

AAZL 4D U= Ael7t GH 222 (p>005), E5F
A Hee] peFn A& e ekoket.
HEEST 24
Zr A A 2] Az Bt GHoFEF s Table loll, HF
YEokE T A7k T2 Fig, 10 vhehfgle}. Cyclospo-
tin A8] FFAEE AT Atz FoEE A =3
AR Fe}. 22t 28 A A A4 F Az F
T BEHE e F94%= Aol7F fch(p=0.05).
o] EFFERHE A FELEEA HArHER
TowE A3k H94 AT Zel7} g (Table V).
M=EE 554 8t
ol4e] 2y AE Fste] Aok ke HEH)
A 554 9455 97k
FRRAGNATY 1A A 9415 (1994, 2. 7)el] 2jgk
AEA 554 HALr1eE,
AAZ Ak dzofde] AESH 554 #7HE 4
L AR YAl LA 9
& &gt e E-A7HEAstH A (AUC), Hz
HEFE(Co) B HATETEE EFAH(Taw)
TOE 3,
SA 2 dzofst AP ke W wEHE A A i
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= . Table IV. Pharmacokinetic parameters of two cyclosporin A
E products
(=] —&— Test
£ 4000 - —O— Reference AUCy Co Tinax
:’(, (ng - b/ml) (ng/ml) (h)
8 ] Reference Drug 5034.8£1760.6 1002.7+353.1 2.40+0.82
g ] Test Drug 46354111589 9804+171.7 2.02+0.44
k=) Paired t-Test t 1.2160 0.3278 2.0833
el
£ 1003 Results — p (2353 0.7458 0.0476
&
g p
S T 2AEA] v)E 1A% Far) glew,
3 UAZ 7 AA 2] A o]-&&2e] A=A E Fate] A
g M A5l Aosk g B,

o 4 8 12 16 20 24 2 AN T AAS) fEHEEA steieH S £

Time (h)

Fig. 1. Mean blood cyclosporin A concentration-time curves
after oral administration of two cyclosporin A products to 26
normal volunteers. Each point represents mean concentration
(£5.D.) of 26 normal volunteers.

2] 20% o] fe]e] o} 3,
A2 BAEA (analysis of varfance)el] 213 A2
AR 02 a(He)5HE)=0.05~0.12 83, 219

= 1t
A% A3 Table Vol el A}k o, o) & vlet
L8 0=0.0544 B4k AT A1 8] 2852 Fuoitol
FE2 %2 3H(F(1,24)=4.26)0 v} 2Fobr] wFAI§e] =3}
Aok AEghd 54 Hr1EAe Table VIgh 2}, v|w
E(AUC) 21, Cuo Taad®] FTEX ] Aol= Zh2h 7.93,
2.22, 16.00%24 2T +20% o el B AEshy £5
4 A7 A 28-S BEAZ v =28 AUC49) Cuw
= AEH 1-h>08, 342 HAEA A<0.29] HHE T FA
3 A5 A7 2hz) -5.46~-21.33 %2} -10.87~1532%2

e 1BEEH)208 2 AFx FEA)<
0.2%2 %o wigalalm &2kEe] S5l el 2

7
A

i)
& M

Y 5 vk Tme

A AT A A7t | QEH LR 553
Fofel ik #H4 AER

Table V. ANOVA table of the pharmacokinetic parameters obtained from two cyclosporin A products (2X 2 Latin square method)

Variation Source dF AUC Conm T MRT
MS F - MS F MS F MS F
Between Subjects 25 3,040,051  2.1907 94,156 1.7896 0.4269 1.0406 0.4791 1.1351
Between Group 1 8,241,408  2.9190* 167,472 1.8383* 0.0192 0.0433 1.2040 2.6819%
Subject/Group 24 2,823,328  2.0345 91,101 1.7315* 0.4439 1.0820* 0.4489 1.0635%*
Intra-subject Variation
Period 1,759,616  1.2680% 237,328 4.5109 1.2308 3.0000* 0.8276 1.9606*
Drug 2,074,240 1.4947* 6,452 0.1226* 1.9231 4.6875 3.4695 8.2191
Residual 24 1,387,733 52,613 0.4103 04221

Note: Fyoup (1,24)=4.26, Foupiurgrony (15,24)=1.94, Frs (1,24)=4.26, Fy,, (1,24)=4.26 at 01=0.05 *p>0.05.

Table VI Results of the bioequivalence test from two cyclosporin A products (2 X 2 Latin square method). Anova tested at ¢=0.05

AUC) Crrx Toax MRT

difference of test product from reference product 7.93% 2.22% 16% 8.93%

Minimum detectable diffcrence 18.95% 18.53% 21.58% 8.55%

Noncentrality 3.08 3.15 271 6.83

Minimum subject number 13 13 17 13

Confidence limits of BA difference 5.46%< -10.87%= 0.75%=< 2.35%<
=21.33% <15.32% <31.25% <14.43%

Bioequivalence ? Yes Yes Yes
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A=21.58%, B|AE y=271024d HA AIAAPE T
179 olAako 2 dlo] Ag-g AAFof 54 g AHE
8] #gte 4= gl 7o B eyt

L

B APEH T2 A%, &4 AP8A5F o9 179
Ao 2 sto] AjS AAslof 554 oAFE HE3]
g 4 ol& 7o ® Vel o] T AA 25 cyclospo-
rin A9] FdRe] AL & Ao] vldd ALz WA
ok 2.40+0.82 A|7}, A|§deF 2.02+£0.44 A17)), cyclosporin
A AAe] Fes A4 FE )RR wEe
(Drewe, 1992) 7} 7 ale] U4 wlZA|ZE, ¢ 2] pH X}
o] U A% Aol wel FrAtelr) A7 B i
Al B FF2 ARy FEEn] Az we) HAsL
o]7} vf-2- = A Jelhdri(Mehta, 1988). w2} cyclosporin
A = AAEAZ) o5 F25 ofEold.

T]-2-0] Lee(1995)2] B el npEm BAFo|x] hzeko
2 ARgEE AR E(ARe AR cyclosporin A 12 3HAA) o]
AA Fel] gloJA] cyclosporin A AL (EEANECLE
o £ A S Uehish. ® AR AGEE Fela by
& 2L 5 Yol 2499 24 A WFEEAD 3
AL AAEE 25 T2 HgkE u(Fig. 2) dxeke] Al¥
oef] u[gled AA|Ael7} w9 2 AL HAF 4 ik
Table IVel] EAI&E ZXH nl2Z3Fal AUC o, Con 2
Ton®] EFHA} 523F Al R ) 23])7 dzfe] -5 2
A vrehdr 1 AN EEEAE 22 AUC o7t 25.007
34.97%, Cuu?F 17515 35.21%, Tww?F 21.78% 34.17%7}
= glct.

d o

2000 7 b

Reference Test
1600 -

1200 4

Blood concentration of CsA (ng/ml}

0 6 12 18 24 0 6 12 18 24
Time (h) Time (h)

Fig. 2. Mean blood cyclosporin A concentrafion-time curves
after oral administration of two cyclosporin A products in 26
normal volunteers. Each line represents the blood profile of
each volunteer.
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