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The aqueous solubility of cyclosporin (CYA) was remarkably increased by the 2, 6-di-methyl-e-
cyclodextrin (DM-a-CD) complex, forming a higher order complex. Analysis of the phase solu-
bility diagram at 37°C estimated the stoichiometric ratio of the main complex to be 1 : 3 (CYA:
DM-a-CD) with a stability constant of 18600M~!. Kneading mixtures of CYA with DM-e-CD
in various molar ratios (1:3 to 1:200) were prepared. The effects of DM-a-CD on the gas-
trointestinal absorption of CYA was then investigated in the rat. The mean absorption time and
the mean residence time of CYA was shortened with the increase in the molar ratio of DM-a-
CD to CYA. The maximal AUC was obtained after the administration of the 1: 30 kneading
mixture. A further increase in the molar ratio of DM-e-CD showed insignificant changes with
regard to the extent of bioavailability. The bioavailability of each mixture was almost the same

as or slightly higher than that of Sandimmun®.
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1. BE&LvalE

CYA, »7rm=#y v D (CYD, pymme
L), Sandimmun WHEE S X OEE%T
VY NEMH LD, a-CD, 8LV /v 2ot
CD (G-a-CD) HKEREEM L v S S hi-d
DxfEH Lic. DM-a-CD ixFIeMskess, %
BHIEERGEK 7 v~< 1 75 THEFER L. X
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2. BAREMNE

CYA o—EaRELERIRBRT AR, &
2 DREDH CD BWERMLTERL, 20°C
BLOB7°C DEMTCHRIBEBCET % & ©
(20°C, 6 HM; 37°C, 10HRED L 5 L.
COWE DO LHEBEHRE LT\ 2 v
777 40— (0.2um) THBL, AKX/ —

N CHERE, CYA U TRt st sE
Wtk7wr~1t 27357 4 — (HPLC) CHIGE L1-.

3. HWEHOHEN

TAL1:3751:200 % To CYA & DM-a-
CD %+ / v3ghic b, Ke@BBMmz, #4045
MRERE L7, _—x= b KROBEEFIZBE T3 HE
B, BFEL, 100 2 » v o OB ER L
TR % DU o ERB 1.

4. CYARE#GHHBEMOHS

CYA :DM-a-CD (1:3) i 2 EEH D
CYA (12mg) &M v 7 v (34mg) #H D,
T2 =L 10ml #inz CTRA%, WETT7 L
2=AREEL, BERD CYA EHSERE & L
7.

S MERXEEH

HEEEWE Miniflex ¥ REBF X 5 EHT %
BEMERL, Fiof&EcHlE L. XEE,
Cu-Keff; 711 2—, Ni 741 x—; BT,
30KV ; BEW, 10mA ; BSEH, 1s; EEEE,
2.4° (20)/min; v v ¥, 120,000 % %1% 240, 000
cps.

6. BHREER

BREM (CYA 1mg ®EE) #0082+ 5
vha7er (HEXD i L. BHRBILE
RXIEHRBRES 18 (HE-Ry , M E) 1
CTT» o, RIRBRERNEECT L & [k
BT, »Ferpnbo CYA BHEY HPLC
THIE L.

PESMF  BHK, HRFE 2% (pH 6.8) 100
ml; EEH, 100rpm; {BE, 37°C.

1. 9 MZ&3 in Vivo RINEE
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KO.5ml THREK & L, Bo#s L., B
FEffIR & D 8RE Ui akhs, CYA ofilsE
THHEAF (—20°C) L. ek, 5 v MK
MOBERNC = — 7 VT8 & Ffe L.
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R sy (CYD, 5pg/ml =% /7 — ) 1004,
50mM 181t~ 7 % > v A¥EH CHEB L 0. 1mM
W7+ A b5 v bV wa (OFE, 500kDa)
YRR 200pl B LU n-~F v bml iz, 1
BERTIR & 5 #, 5 2 RE.O4 8 (3,000rpm) L,
AELU - VA 40°C o KIB E TEFRLM T T
£ Ut A IEHSHo HPLC MEHR 100
Pl ZEs L, F o 80pl A B & LCIM&ED
HPLC i L7,

8. HPLC

BB ERT R LC-6A vV — X0 EE & H
W, FaollE ST CYA R ER L.

Wk © 7 5 4, Nucleosil 5C18 (¢$4.6mm
X 250mm) ; HEE, 7t =19y -7K (80:
20); #xHi%: UV (210nm); ik, 1lml/min;
I, 80°C.

NEAI St © » 5 ~, Wakosil 5SIL (¢4.6mm
X 250mm) ; ARG, =& / —A-n-~F v (15
:85); B3, UV (210nm); &, 1lml/min;
BE, 40°C.
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Fig. 1 oz 20°C it % £ CD Hinc
1% CYA oBREEYRT. o B, v ORR
% CD it CYA o f#E 1, Kanai 52
DEE LTS X o1z, e-CDARLEL, r-CD
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HEEEDBKMT ¢/ Bik¥Esy CD T va#L
THEAEGOHEATREIN, o, &Y
INE TR AT B a-CD O S ZER O K & v
BLy-CD I hdHLTWAHLDEELDRI.
¥, KAMD a-CD X h  ERAEOEWEAHE
PRT 5 ML T BRI D 7w
2> a-CD (G-a-CD) wm#ipo CYA BIREE
2e-CDERBETH- 1. Zhiext LT, DM-
a-CD %W it a-CD F X b 3 5L LB\ I
EaRLic.

—+, 37°C (Fig. 1. &) x5 CYA OF
Rz CD o fEkEClE i Ithin <, 20°C Dy
DA%U TV LTHED, REOLEFTI-T
o5 CYA ORMERLH CD & DBEAEBT
b KESHEBLTWLZ ELPLMNTIE T,
LinL, WIholEErck\Td CYA o &1L
1212 DM-a-CD & o # & by il &l S hic
o T, LigokagciiEc DM-e-CDE 0
EtkEx VWA I LT

49 37 °C

Fig. 1. Phase Solubility Diagrams of CYA/CD Systems in water at 20 and 37°C
0, eCD; A, BCD;[1], vCD; A, G-2-CD; ®, DM-e¢-CD
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Table 1. Stability Constants of CYA with
@-CDs Complexes Calculated by
Nonlinear Least-squares method
in Water at 20 and 37°C

Complex Temp. XKi1:1 Ki2 Ki:z3 Kijg
O (M) (M) (M) (M-1)

CYA/a~CD 20 51 2500 — @—

37 4 1000 3000 —
CYA/G-a-CD 20 60 2700 —

37 5 1100 3300 —
CYA/DM-o~CD 20 230 9300 —

37 26 1600 18600 —

Solubility of CYA in water at 20 and 37°C were
2.9%x1075 and 2.4x10-¢ molar, respectively.

DM-a-CD ##HTo CYA DEMEHNIT
Higuchi 52 o8z X5 Ap WA T34 &
5, KERIKED CyA iz DM-a-CD :&%ko
AR RE S e, #2T, 20°C & 37°C
DIRE 175 CYA & DM-a-CD & ok
BEBOREEE A Uekama 519 DHEHE
R AR o # R A SRR B R 1
DIEFTL, B L7 Table1l R E ST T
RDOIEEADOREEER L TF. 20°C <z
Fi2 CYA £ DM-oCD ¢t o=t 1 : 2, 37°C
T 1:3 OEAHRTBRITRE I i,

SOOI, bErRBESC L -T CYA
& CD & OB\ ABHRICHEENE U s BRI, &
EKIOTCYA@ﬂﬁﬁﬁﬂ%m?ét&a%
ZORIA, FHERETH .

Fig. 2 MREHc L v@M Lce21rk1: 30
REE L2 A O WBREIR A4 D 8ok X m 5
SR = VT WEEAY () Tz CYA
DM-o-CD 04 kD & — 7 MR & L= EHF
RE=VElgoTwd. —F, ek tite
NLDY =7 PEETHEL, Rich A <5 —
vERRLT.

Lo L, BEESEEE S () & ENoEE-< 5
— v L, XEEHCEEIREE 313 5 CYA
& DM-a-CD & oS4 RIZEER T X iehs -
7.

2. CYA oBEH#E)

Fig. 3. 1 CYA & DM-o-CD & & A s
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Fig. 2. Powder X-Ray Diffraction Patterns of
CYA/DM-e-CD Systems
(a), CYA; (b), DM-2CD; (c), 1:3
(CYA-a-CD) physical mixture ; (d),
1:3 (CYA : DM-a-CD) kneading mix-
ture

Ric D 5HERE LOBGHEARE €55 v 2
TRAZAR, BT eAnbo CYA DB
RS, BREMENKKCE S W THER L)
1:3 DEME, BREDE I LEERBIHRK
W EXARE IR, FoBERIEFEMCES
ot L, FOBHEES JOBHRE LIc
EERSERAR L D LB LB . & ORI,
CYA & DM-o-CD »'BE{fiRABIC 3\ C & [Ek 4
Boc X BEMBE E RERAHERERY LT3
CERRBEL. Ff, 1:3 Ui DM-o-CD
TR LIcHAR T, CD Bakri¥mtsic
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M o A

CYA (ng/ml)
9

Time (min)

Dissolution Profiles of CYA from Cap-
sules Containing CYA/DM-e&-CD Knead-
ing Mixtures with Various Molar Ratios
and CYA/Starch Solid Dispersion in
JP XII 2nd Fluid at 37°C, Measured by
the Rotation Basket Method

o, CYA; O, 1:3 (CYA : DM-¢-CD)
kneading mixture ; [, 1: 30 kneading
mixture ; A, 1:60 kneading mixture;
A, 1:100 kneading mixture; @, 1:
200 kneading mixture ; x, CYA/starch
solid dispersion

1200

1000

800 -

Blood CYA (ng/ml)

0 LS DAL LA |
0 6 12
Time (h)

ol

T H'——l
2

R THEHEERS JOBHRRMEL, BHED
CYA BREOETHEAD Lic. ZokE»b,
FEkE & SEH L CYA & DM-o-CD &
BHEGEZHR LTV, ZoBEsEoRF I
—EEEL Lo CD BBRETH H, BHE T CD
NERIhD L RH CYA & CD wfiti+ 5.
L L, BFE o CDFET Tt oMbl ©
¥5LDEEZLLRI

7t¥, G-a-CD THHE L& = A ibofaiiz
ELEA kD DM-a-CD L o#&HE X hiEM T
KWBEHERTH - T,

3. ¥Ni#s5#%0 CYA ORIR

Fig. 3 @ in vitro BHABROFEENDL, in
vivo T CYA OWIRH:FMIIL 130 Dk
DM-a-CD L& Licatha vb & L i L
fo. BEEAHE Sy PIBEOESLS L, CYA O
LRI BN RIETHAEF D CD-a-CD i
OB ELTAND LR, ThbDA 147
~A4 5 ¢V 7 4% Sndimmun 5 %O TR L
L. fHAGRERo T H CYA RBED

AL B SR | —l—
0 6 12 24

Time (h)

Fig. 4. Blood Concentration Time Curves of CYA after Oral Administration
of CYA/DM-e-CD Kneading Mixtures at the Dose Level of 10mg of

CYA/kg of Rat

O, Sandimmun ; @, 1:30 (CYA : DM-a-CD) kneading mixture ;
A, 1:60 kneading mixture ; A, 1:80 kneading mixture ;

[], 1:140 kneading mixture ; ll, 1: 200 kneading mixture

Each point represents the mean of those experiments (n=3~4).

The standard error bars are omitted for clarity.
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RERZELE Fig. 4 Wi, fAtEc s 5 —x
DEBNT B K &\ 2%, FAhHho CDEA
L -»>TCYA ORINEEHC—~EDEEINRSH
7o. Tibh, CYA & DM-a-CD oF 4t
1:140 2 ToHEME T2 CD EAlo®Minz L
o T CYA OREEERM (Tnx) »EHH
L, REMFERE (Cux) A EH L. flzid,
1:30 DFEEEEES TIL Tmax 2 4 B8 B
bh, Cmax 239 850ng/ml #R LDk L,
1:140 OFEE TIE Toax 259 1R, Cmex
(3#Y 1,100ng/ml &7 - 2. & OEENL in vitro
BHEBOBRL I —HTE0THY, HY
&b CD B A o Mime Ui st » TR
L, £0fE CYA oM LS RIGEEH L& L
et Bbhs. LhLich b, BHERRTE
BEWEHERYR L1200 OBAEE, T
PEEIREBERSRE. CoBERIE, BE o
CD i@ & » THABHAR DKL L, B AEEH
HEEDEIE Lctodic CYA OBRINMAE L Fe» 7o
dDEEZ bR

Table 2% Fig. 4 ofih@EES bty = — 2 v
METKRDA, CYA BB T 2 — & —% R
T BREHESHO CYA o i - B as i ih i
THE (AUC) 12 Sandimmun 04 & [FFLE

hy, HEIMCENERZR L. UL, CD BE&H
DRI LHMEERHCTOEEZEIRDD Ll -
7o G, BERIMED FE A T Crex OHARR
Tumex DML, TOEYOH 1 4 7 4
V74 (F) oRbkeo/kss. Lnl, K
HEETEIPHELLFoR FIEDShich -7
2, EREERIC X > T Couax ® Tmax BT T
L—EDF MR TE A LA L.

—7;, o5 LB A&k b0 CDEREESHE
CYA PR (MRT) 3 X OV RIS
il (MAT) 1t Fig. 5, 6 WRTI51c, Bom
MBI RS b, HAthkdo CDE A
Hmmdhid MRT % X0 MAT S4B L, Bl
SRITIER Lic. Thbokd3, CYA of
NI EREAZE L L Wb 0 L RET S &, e
ko CD FLA I & » T—E D F 2 BEH: L7k
BT, TOBNEEY =2 v b r—LTE52 %
RLTWA5.

LA Eo#EHs R 5, CYA % DM-a-CD ¢H|
BltT2zbicx b, CYA OKMEHO IS
7, CYA oBIRfHZ =2 vt v — L CTELHH
DRENBFIBAFE O FTREM: SR S ot

Table 2. Kinetic Parameters following Intravenous and Oral Administration of CYA~

DM-«-CD Kneading Mixtures with Various Molar Ratio to Rats

Nolar ratio  Dose of CYA n WRT AT AUC o-24 AUC  o-ins F
(CYA:DN- a —CD) (ng/kg) ) (h) (h-ng/m1) (heng/ml)

Sandimmun (IV) 2 3 1.9 =04 —  14219.3 = 152 15200 = 220 —
Sandimmun (PO) 10 3 1.4 =06 35 112687 = 342 13500 + 289 17.7
1:30 10 3 168 =47 89 116635 = 323 15600 = 2330 20. 6
1:60 10 4 153 28 7.4 102619 * 1252 13200 + 2230 17.0
1:80 10 4 1.0 04 31 11259.3 = 133 12800 £ 142 16. 8
1:140 10 3 123 £22 44 11202.0 = 520 13400 = 1320 17.6
1:200 10 3 1.0 =22 31  13279.4 = 897 15100 £ 4110 19.9

Each vaiue represents the mean + S D,
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1:30 1:60 1:80 40 1:200

CYA : DM-a-CD
Fig. 5. Correlation between Molar Ratio of
CYA to DM-e-CD and Mean Residence
Time (MRT) of CYA after Oral Ad-
ministration of CYA/DM-e-CD Knead-
ing Mixtures with Various Molar Ra-
tios to Rats

10—
1 © R=0.766
8 0
2
E | o
4 \
] o o)
2_
1:30 1:60 1:80 1:140 1:200

CYA : DM-a-CD
Fig. 6. Correlation between Molar Ratio of

CYA to DM-«-CD and Mean Absor-
tion Time (MAT) of CYA
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