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Fig. 1 Plasma CoQ10 concentration after oral administration of
three types of CoQ10 preparation in bile duct-ligated rats.
Each point represents the mean + S.E. of 3 measurements.
(A) powder, (B) emulsion, (C) solubilized powder, B ; sham,
O bile duct-ligated.
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Fig. 2 Effect of bile on the absorption of CoQ10 after oral administration of CoQ10 prepa-

ration in bile duct-ligated rats.

Each column represents the mean with S.E. of 3 measurements by the trapezoidal

method.

*; significantly different from the group after administration of CoQ10 emul-

sion or solubilized powder in bile duct-ligated rats at p<0.05. N.S.; not significant.

Table 1 AUC of CoQ10 after oral administration of CoQ10 preparation

Average AUC
Dosage form AUC (pg-hr/mL) S.E.
(ug-hr/mL)
sham 1.068 | 2.309 | 0.885 1.421 0.447
Powder
bile duct-ligated | 0.922 | 0.708 | 0.246 0.625 0.199
, sham 2130 | 4.783 | 2.126 3.013 0.884
Emulsion - :
bile duct-ligated 0.067 | 0.443 0.170 0.137
Solubilized powder sham 3.556 | 2.813 | 2.719 3.030 0.264
P bile duct-ligated | 0.026 0 0.287 0.104 0.091
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Table 2 Biopharmaceutics Classification System

High Solubility Low Solubility
E class 1 (Absorption Limit : Collapse) class 2 (Absorption Limit : dissolution)
Qo
s Diltiazem Enalapril Diclofenac Ibupofen
% Labetalol Propranolol Phenytoin Naproxen
% Captopril Metoprolol ltraconazole Indinavir
% Phenylalanine Atropine Desipramine Digitoxin
g class 3 (Absorption limit : permeation) class 4 (in vitro-iv vivo no correlation)
% Famotidine Ranitidine Terfenadine Colistin
% Atenolol Valsartan Furosemide Mebendazole
D;' Cimetidine Metformin Ciclosporin Albendazole
E Aciclovir Pravastatin Acetazolamide CoenzymeQ10
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Fig.3 Blood CsA concentration after oral administration of CsA powder (A)or
emulsion (Neoral®, (B)) in bile duct-ligated rats.
Each point represents the mean + S.E. of 3 measurements. B ; sham, O ;

bile duct-ligated.
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Fig. 4 Effect of emulsification on the absorption of CsA after
oral administration of powder or Neoral.
Each column represents the mean with S.E. of 3
measurements by the trapezoidal method. *; significantly
different from the group after administration of CsA powder
in rats at p<0.05.

—sham == bile duct-ligated

25 1 T
—
320 F * L
£
- -
6)15
=2
S10r
<
5 F
0 I m
Powder Neoral

Fig. 5 Effect of bile on the absorption of CsA after oral admin-
istration of powder or Neoral.

Each column represents the mean with S.E. of 3 measure-
ments by the trapezoidal method. *; significantly different from
the group after administration of CsA powder in bile duct-ligat-
ed rats at p<0.05, t; significantly different from the group after

administration of Neoral in bile duct-ligated rats at p<0.05.
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Fig. 6 Blood CsA concentration after oral administration of
Neoral or Neoral with bile in bile duct-ligated rats.

Each point represents the mean + S.E. of 3 measurements.
A ; Neoral + bile, O ; Neoral.
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Fig.7 Effect of bile on the absorption of CsA after oral
administration of Neoral in rats.
Each column represents the mean with S.E. of 3
measurements by the trapezoidal method. *; significantly
different from the group after administration of Neoral in bile
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duct-ligated rats at p<0.05. **; at p<0.01.

Table 3 Pharmacokinetic parameter (Origin8.1J ®)

D f Cmax T max AUC
osage form (ug/mL) (hr) (ug - hr/mL)
sham 0.631 4132 6.665
Powder
bile duct-ligated 0.165 1.849 0.828
sham 1.660 3.636 16.827
Neoral
bile ductl-igated 0.211 3.411 1.762
Neoral + bile bile duct-ligated 1.133 2.618 11.602

Blx s I ORI S 0 S EATRIR S R
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Fig. 8 Plasma concentration of profiles of ABZ-SO after oral administration of ABZ

powder (A), (B) or emulsion (C), (D) in bile duct-ligated rats.

Each point represents the mean + S.E. of 3 measurements. B ; sham, O;
bile duct-ligated.

Table 4 Pharmacokinetic parameter (Origin8.1J ®)

D ¢ C max T max AUC
osage form (hg/mL) (hn) (ug - hr/mL)
sham 0.589 2.954 4.775
Powder
bile duct-ligated 0.270 5.189 3.579
, sham 4.519 3.915 46.095
Emulsion
bile duct-ligated 4.109 4.564 47.197
—sham === bile orl\lugf-ligated 3.4 EMOREENE
80 - | — HHY 1 g DML IR BRI Table 512
-~ , N.S. T IRL72) THo7zo WTNDHEY S IKNDE
g607 ; BREEIZIEH A <, 10000mL BLEZ LB E L7z,
240 | — )i AR OBEMER A5 L, CoQl0 &
§20 i CSANBVIZFINVIZ—FT), ZuakRkilihnih
< > LHEFRT VO L, TARYF V=S
— A - Ny ) - s
Powder Emulsion Powder Emulsion NS OFREBRICO BT LANAS L Lo

Fig. 9 Effect of bile or emulsification on the absorption of 720
ABZ-SO after oral administration of ABZ powder or own
making emulsion in bile duct-ligated rats.

Each column represents the mean with S.E. of 3 4. it&)
measurements by the trapezoidal method. **; significantly

different from the group after administration of ABZ powder Z[(’\o){gﬁg‘lﬁf)‘fﬁ\/"fté\t%f&) 2 CoQ10. CsA.
in rats at p<0.01, *; significantly different from the group after -

administration of ABZ powder in bile duct-ligated rats at ABZ l2BWTIx., AFALIZ X b EALBERI A
p<0.05, N.S.; not significant.
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Table 5 Drug solubility (volume required to dissolve 1 g of each compound (mL))

CoQ10 CsA ABZ
Water 10000< 10000< 10000<
Diethyl ether 2 1.2 9400
Chloroform <1 <1 600
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Pharmaceutical approach for improvement of oral absorption
of functional food components

Mitsuru Sugawara
Faculty of Pharmaceutical Sciences
Hokkaido University

The aim of this study is to develop the preparations that improve oral absorption of
the functional food components those belong to BCS (Biopharmaceutics Classification
System) class 4. We focused on emulsified preparations and the effect of bile secretion on
their absorption.

Powders and emulsified preparations of coenzyme Q10, albendazole, and cyclosporine
A were administered to rats orally. Blood was collected several times up to 24 hours
after administration and drug concentrations in whole blood (cyclosporine A) or plasma
(coenzyme Q10 and albendazole) were determined using HPLC. When the effect of bile
secretion on the absorption was tested, bile duct was ligated before administration.

Oral absorption of emulsion of coenzyme Q10, cyclosporine A, albendazole increased
compared with original powder. The enhancement of the absorption of coenzyme Q10 and
cyclosporine A by emulsification was suppressed when bile duct was ligated. On the other
hand, absorption of emulsified preparations of albendazole was not affected by bile duct
ligation. Coenzyme Q10 and cyclosporine A are insoluble for water, but very soluble for
organic solvent. On the other hand, albendazole is insoluble for both water and organic
solvent. The difference in physicochemical property of the drugs might be one of indexes if
intestinal absorption of the emulsified preparations is affected by bile secretion.

Emulsification is one of a good method to improve oral absorption of the functional
food components belong to BCS class 4. Physycochemical property might be used as an
index for the effect of bile secretion on the absorption.



