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Enhanced Nasal Absorption of Ketoconazole by
Inclusion with Cyclodextrin
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Inclusion complexes of ketoconazole(KT) with @, B~ cyclodextrin(CD) and dimethyl-B-cyclodextrin
(CD) and dimethyl-B-cyclodextrin{DMBCD) as nasal absorption enhancer were prepared in 1: 2 molar
ratios by freeze-drying and solvent evaporation methods. In order to compare with the intrinsic abso-
rptivity of KT in the jejunum(J) and the nasal cavity(N), the in sits simultaneous perfusion method was
employed. The in situ recirculation study revealed that KT-CD inclusion complexes with the greater
stability constant and the faster dissolution rate proportionally increased the absorption of KT in the
J and N of rats. The rank order of apparent KT permeability(P» : cm/sec X 107° + S.E.), corrected by
surface area of absorption, was 5.10 + 0.3(N, KT-DMBCD) >4.13 + 04(N, KT--CD) >3.52 + 0.2(N, KT-
a-CD) >2.76 + 0.3(J, KT-DMBCD) >2.61 + 0.5(J, KT-p-CD) >2.42 + 0.4(J, KT-0-CD) at pH 4.0. The in
crease in permeability of KT-DMBCD inclusion complex was 2.6 folds in the J and 4.5 folds in the N
when the perfusing solution was changed from the buffer(pH 4.0) to saline. The absorption rate of
KT-DMBCD inclusion complex after nasal administration was more rapid than those of ketoconazole alone
and KT-DMBCD inclusion complex after oral administration to rats. In comparision with an oral ad-
ministration of ketoconazole suspension in corn oil, the relative bioavailability was calculated 137.3%
for the oral and 195.0% for nasal KT-DMPBCD inclusion complex in rats. The present results suggest
that KT-DMBCD inclusion complex may serve as a potential nasal absorption enhancer for the nasal
delivery of ketoconazole.

Keywords — Ketoconazole, In situ simultaneous perfusion method, KT-DMBCD inclusion complex, Nasal
absorption enhancer
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Figure 2— Typical HPLC chromatograms of ketoconazole
in methanol(A) and in plasma(B).
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Figure 3— Semilogarithmic plots of the percentage of KT remaining versus time in the in sits jejunal(A) and nasal(B)
perfusing solution containing 1:2 physical mixtures and 1: 2 inclusion complexes of KT and CDs prepared by solvent

evaperation method at pH 4.0, 37C. Each point represents the meant SE of the three rats.
Keys : O; KT-0-CD PM, A; KT-8-CD PM, [J; KT-DMBCD PM, @; KT-a-CD IC, A; KT-B-CD IC, B; KT-DMBCD IC

Table I—Comparison of Percent Absorbed, Apparent First-order Absorption Rate Constants and Apparent Permeabilities
of KT Through the Rat Nasal Cavity and Jejunum From the In Situ Perfusing Solutions of KT-CDs Systemn at 37C. Each

Containing 20ug/mi of KT

Apparent first-order

Appaerant permeability

KT-CD system parameter route % Absorbed rate constant(min’<107) (cm/sec X 10%)

ic N 22.5(1.82) 2.19(0.11) 3.52(0.20)

IC J 47.2(5.30) 5.72(1.13) 2.42(0.44)

KT-a-CD PM N 10.7(2.33) 1.85(0.16) 2.95(0.26)
PM ) 33.4(3.39) 3.58(0.52) 1.51(0.29)

IC N 25.7(1.23) 2.57(0.26) 4.13(0.43)

| (6 J 51.0(3.96) 6.51(1.13) 2.61(0.53)

KT-p-CD PM N 20.4(1.96) 2.0000.29) 3.19(0.46)
PM J 45.6(3.60) 5.16(0.54) 2.02(0.13)

IC N 32.2(2.38) 3.17(0.20) 5.10(0.32)

IC J 55.5(3.74) 7.32(0.44) 2.76(0.25)

KT-DMBCD PM N 17.4(2.68) 1.60(0.21) 2.56(0.34)
PM J 31.7(3.69) 3.39(0.83) 1.47(0.37)

*Numbers in parentheses denote standard errors(n=3).
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Figure 5—Mean plasma ketoconazole concentrations in rats
following oral administration of KT suspensions in corn
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in saline (@) and intranasal administration of 1:2 KT-
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Table I1--Comparison of Percent Absorbed, Apparent First-order Absorption Rate Constants and Apparent Permeabilities
of KT Through Rat Nasal Cavity and Jejunum From the In Situ Perfusing Solutions of 1 : 2 KT-DMBCD Inclusion Complex

at Both pH of 4.0 and 7.0 at 37C

Apparent first-order Appaerant permeability

Parameter % Absorbed rate constant(min’ X 10%) (cm/secX 10%)
" 40 Nasal cavity 32.2(2.38) 3.17(0.20) 5.10(0.32)
P 8
Jejunum 55.5(3.74) 7.32(0.44) 2.76(0.25)
Nasal cavity 78.5(2.10) 14.50(1.52) 23.20(2.43)
pH 7.0 Jejunum 85.0(1.69) 17.82(0.53) 7.31(0.58)

*Numbers in parentheses denote standard errors(n=3).
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Table III—Pharmacokinetic Parameters and Statistical Moment Parameters of KT Following Oral Administrations of KT
Suspension in Corn Oil and 1 : 2 KT-DMBCD Solution in Saline, and Intranasal Administration of 1 : 2 KT-DMBCD Solution
in Saline at 37C.

KT-CD Route of K. K. Toar Coar for finite time of 120 min RBA
system admin  (min’>x10%)  (min'x10% (min) (ug/mi) AUC MRT VRT (%)
KT
. 3.297 2.884 32.40 7.93 59147 47.72 720.25
suspension p.o. 00
. i (0.252) (0.035) (1.03) (1.81) (131.74) Wy (102.04)
in corn oil
KT- 5.000 2.700 27.76 11.32 812.12 48.63 878.06
DMBCD po. ’ ) ) ’ " ) ) 137
. . (0.824) (0.638) (1.18) (1.22) (138.78) 2.79) (79.76)
IC in saline
K- 31.105 1911 9.56 22.50 1153.59 42.10 959.48
DMBCD in. ) ’ ) " ) ' ) 19
. . (5.000) (0.062) (0.06) 4.24) (15237 (0.93) (27.83)
IC in saline

*Numbers in parentheses denote standard errors(n=3).

pg - min/miE e 2 Yehgow, 44715 deA
71 KT A7Ed79 AUCE 7|3 100 %)L 2 3
94 W KT-DMBCD ATFFH+Fe 137%, KT-
DMBCD 7ZH|F7-2 195 %o)Ath
KT-DMBCD X HERGA 9] AulFoiFo] KTe)
BAFFATRY AAo] 8ol & AL H2IEFH}
AHE A 5 7] PRt £ KT &5
F718] @8 AR KT-DMBCD =g
Ao BTFoLo] AHol&&o] 2o el
t}. ol A= & CDO EHEFA 7} 289 A
oAl FEF CDZ R o] AFRdiE-o)
A E3& FoAAN B AFFFE BolHA
gtod A 0] §-&-& F7HAZ Uekama 59 Axto}
YA §}E® 3 o] § CDe FH F4 &7 7)
A& ol&3A v k& CD THEFAE
Fodte] Ao & FE|=oEQ A&dd 3
Aol & QAEZTLH ZZALHES] ¥HY
B4 598 A Z7M0A Au|FoA A A o)
882 SYAZEY T Fo|A DMBCD7 7bg
FeAvhe Rt Pel E d7AT & dA g
¢ g ATk a2 Hu FERd TEAzt
KT(oral)=32.4 min < KT-DMBCD(oral)=27.8
min < KT-DMBCD(nasal)=9.6 minol¥ &%
A4+ KT(oral)=0.032 min ' < KT-DMBCD(oral)
=0.05min"! < KT-DMBCD(nasal)=0.31 min'&

ERET
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A KT-DMBCD ERFEFA|e) w35zl 2
SuRA0] 14 BE Ao 2 EiE, o AL
ul 7ol 9juh 245 o] F4 gHle] §lm M
A g @) o] oA AAEToE A5
A F4H3, £3 KTRoh KT-DMBCD EHEH
Ao #2& S} A&sThs Hol 7108 AU 2

+ stk

1. KT# CDse] E8]3 &%

2}o) uw}ghct.

2. KT-CDsE 5 E3 A o] A= F9) &&55%
I M2 uHHoE RE] T4 F vA oA
71 S7FE ATk
3. KT-CDs EQEgH 71&t 13 £2434E
T-DMBCD EHEGFAH 7} F8NA 717 ZA
FEAYE EYT FHE Pmcm/secX 10 )&
e vl 7 2 AoE vEhgon
Fix #2719 &Me g 2o

5.10+ 0.3 (N, KT-DMBCD) > 4.13+ 0.4 (N, KT-

B-CD) > 35+ 0.2 (N,KT-0-CD) > 2.76+ 0.3 (,

KT-DMBCD) > 261+ 05 (J, KT-B-CD) > 2.42+

N

oy

=
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04 (J, KT-a-CD)

4. pH 709 #8494 2 9 KT-DMBCD ¥
BEA 7} pH 4.09] ¢FAeofl =<l AxG 13} &
=57 FF ol B o & g ey on
Fiee 3 oF 2.64), ¥4l A 4.54)
v F7kE Ak

5. SF715o A7 KTE 3753 39
3 S5 E 32484 793 uyg/miE e
vhd, KT-DMBCD ¥ EA & A2 g5l 5o
BTFFAR A 2785004 HL EFEEE 11.32
ug/mig, AuFEATL 968X H1 2% 2
2.5 pg/miE 74z} vhehlo], KT-DMBCD X4 &3
Aol AulFoLo A Z-gddEAzke] 7bg A8t
M 23 I3 45U M B2 ¥ F A%tk

6. SF57180] FEAZ KT ATFAA
AUCE 5915 ug - min/mig o, o]& 7|F o g 3}
A& o A2 g4l =<2 KT-DMBCD9] A+%
oAl AUCE 812.1 pg * min/miZ A& Adx] o]
€&0] 137%E Yehiion, =3 Au|FoA) g
AUCE 1153.6 g * min/mi 2 A2 A o] &g o]
195%= AA F7F=E Ak

7. ol81g AT 2% KT-DMBCD EFEFA =
KTe] AT F4&3 a95 23 e v
FrFEAAEA foide] sle 2oz Algdrh
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