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Abstract

Purpose This study was conducted to examine the
absorption and tissue distribution characteristics of paclit-
axel-loaded DHP 107, a Cremophor EL-free, mucoadhesive
lipid oral dosage form.

Methods DHP 107 was orally administered to mice at 10,
20 and 40 mg/kg doses. For comparison purposes, Taxol was
i.v. injected at 5, 10 and 20 mg/kg doses. Drug levels were
determined in plasma and tissues by validated HPLC assays.
The absolute bioavailability and the relative distribution to
various tissues were calculated as a function of dose.
Results  The dose-normalized plasma AUCpyp 197/AUC-
Taxol Tatios calculated at comparable AUC values ranged
from 14.6 to 29.0%. In contrast, relative tissue distribution
ratios calculated as the dose-normalized AUCpyp 107/
AUCT,x0 Were as high as 342.0, 139.0, 112.9 and 108.2%
for stomach, small intestine, large intestine and ovary,
respectively.

Conclusions Oral administration of DHP 107 provided a
substantial systemic absorption of paclitaxel. Furthermore,
the relative distribution ratios of DHP 107 at doses of 20
and 40 mg/kg were higher for stomach, small intestine,
large intestine, and ovary than the systemic bioavailability,
providing a basis for therapeutic advantages.
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Introduction

Paclitaxel is an anticancer drug widely used for the treat-
ment of various tumors, including lung, ovarian and breast
cancers [1, 2]. The anticancer activity of paclitaxel is known
to be mediated by binding to tubulin, stabilization of
microtubules, blockade of cell cycling at the G,-phase and
induction of apoptosis [3-5]. Being practically insoluble
(<1 pg/ml), paclitaxel is commercially formulated in a
mixture of Cremophor EL and dehydrated ethanol (1:1, v/v)
(Taxol, paclitaxel 6 mg/ml, Bristol-Myers Squibb Co.,
Princeton, NJ, USA). Cremophor EL is known to cause
various biological responses, including the histamine
release, hypersensitivity reactions and alterations in the
pharmacokinetics of paclitaxel [6-8]. To date, Cremophor
EL-free i.v. formulations such as albumin-bound nanopar-
ticles (Abraxane, American Bioscience, Inc., Santa Monica,
CA, USA) and lyophilized polymeric micelles (Genexol-
PM, Samyang Co. Seoul, Korea) have been developed to
avoid toxicities associated with this solvent, [9—11].

When given orally, paclitaxel is poorly absorbed
primarily due to a pre-systemic metabolism and P-glyco-
protein-mediated efflux across the mucosal cells of the
small intestine [12—14]. The absolute bioavailability of
paclitaxel is low, e.g., 2.0 and 4.6% after oral adminis-
tration of Taxol and a microemulsion preparation,
respectively [15, 16]. Attempts have been made to develop
various oral dosage forms to increase the systemic
absorption of paclitaxel, including microemulsions [15,
17], nanoemulsions [18, 19], lipid suspension [20] and
micelles [21, 22]. DHP 107 is a novel paclitaxel-loaded
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oral mucoadhesive lipid dosage form free of Cremophor
EL (PCT WO 2004/009075 A1). The antitumor activity of
DHP 107 has been reported in non-small cell lung carci-
noma-bearing mice after oral administration [23]. Upon
oral administration to mice, DHP 107 is spontaneously
changed to <100 um droplets and micelles in the intestine,
adhered to mucoepithelial cells and systemically absorbed
via a lipid uptake mechanism [23]. This novel oral dosage
form is currently under clinical investigation in patients
with metastatic cancers.

The present study reports the systemic absorption and
tissue distribution characteristics of DHP 107 in mice
following oral administration at 10, 20 and 40 mg/kg
doses. For comparison purposes, Taxol was intravenously
injected at 5, 10 and 20 mg/kg doses. Discussions are
provided on the effect of dose size on the plasma phar-
macokinetics and the relative extent of drug distribution
to various tissues.

Materials and methods
Chemicals

Paclitaxel, Taxol (paclitaxel 6 mg/ml) (Bristol-Myers
Squibb Pharmaceutical Group, Montreal, Quebec, Canada)
and DHP107 (paclitaxel 10 mg/ml) were provided by
Dae Hwa Pharm. Co. (Seoul, Korea). Triethylamine and
p-hydroxy benzoic acid n-butyl ester (butyl paraben) were
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Methanol, acetonitrile, z-butyl methyl ether and
distilled water (all HPLC grades) were purchased from
Mallinckrodt Baker, Inc. (Phillipsburg, NJ, USA). Phos-
phoric acid and saline were purchased from Aldrich
Chemical Co. (Milwaukee, WI, USA) and Choong Wae
Pharma Co. (Seoul, Korea), respectively.

Animals

Female ICR-mice (28-35 g) (Samtako Co., Osan, Korea)
were used in the study. The animals were cared for in
accordance with the National Institutes of Health (NIH)
guidelines for the Care and Use of Laboratory Animals
(NIH publication 85-23, revised 1985), and the animal
protocol was approved by the Institutional Animal Care
and Use Committee of Sungkyunkwan University. The
mice were kept in plastic cages with free access to standard
mouse diet (Superfeed Co., Wonjoo, Korea) and water. The
animals were maintained in an animal facility at a tem-
perature of 23 £ 2°C with a 12 h of light/dark cycle and
relative humidity of 50 &+ 10%.
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Drug administration and sample preparation

A total of 192 mice were divided into 6 groups (n = 32 per
group). Three groups of mice received DHP 107 (paclitaxel
10 mg/ml) by oral gavages at 10, 20 and 40 mg/kg doses.
Immediately prior to administration, DHP 107 (melting
point 33-35°C) was pre-warmed by holding briefly in hand
to change the semisolid wax to a liquid state. The other
three groups of mice received Taxol by tail vein injection
at 5, 10 and 20 mg/kg doses. To minimize the pharmaco-
kinetic variability resulting from interaction between
Cremophor EL and paclitaxel, the volume of Cremophor
EL was kept constant by diluting Taxol with isotonic saline
to 1, 2 and 4 mg/ml concentrations for 5, 10 and 20 mg/kg
doses, respectively. Blood samples were taken by cardiac
puncture under light anesthesia with ether at 0, 1, 2, 4, 6, 8,
12 and 24 h after oral administration of DHP 107 and O,
0.5, 1, 2, 3, 6, 12 and 24 h after i.v. injection of Taxol
(n =4 per each sampling time). Plasma samples were
obtained by centrifugation of collected blood at 7,000 rpm
(3,500x g) for 10 min (MicroV centrifuge, Fisher Scientific
Co., Pittsburgh, PA, USA) and kept at —70°C until drug
analysis. After collection of blood samples from mice,
stomach, small intestine, large intestine, liver, kidney,
spleen, lung and ovary were excised (n = 4 per each
sampling time). The stomach, small intestine and large
intestine were emptied and rinsed thoroughly 3 times with
saline. All excised tissues were blot dried, weighed and
homogenized (Tissue Tearor, Biospec Co., Bartlesville,
OK, USA) with appropriate volumes of saline, e.g., 5 ml
for small intestine, large intestine and liver, 1.5 ml for
stomach and kidney, 1 ml for lung and spleen, and 0.5 ml
for ovary. Obtained tissue homogenates were kept at
—70°C until drug analysis.

Preparation of stock solutions

Stock solutions of paclitaxel and butyl paraben (internal
standard) were prepared in methanol at 100 pg/ml con-
centrations. Working standard solutions of paclitaxel were
prepared by dilution of the stock solution with methanol at
1,00000, 50,000, 10,000, 5,000, 1,000, 500, 100 ng/ml.
The internal standard stock solution (100 pg/ml) was used
in tissue drug analysis, and a further diluted solution
(25 pg/ml) was used in plasma drug analysis.

Extraction procedures

For drug analysis in plasma, standard curves were con-
structed by spiking 10 pl of working stock solutions to
blank plasma (100 pl each) to provide paclitaxel concen-
trations at 10,000, 5,000, 1,000, 500, 100, 50 and 10 ng/ml.
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The plasma was spiked with 10 pl of the internal standard
solution and 3 ml of #-butyl methyl ether, mixed on a
vortex mixer for 10 min and centrifuged for 10 min at
4,000 rpm (3700xg) (Union 32R plus, Hanil Science
Industrial Co., Inchon, Korea). The upper organic layer was
transferred to a glass test tube and evaporated at 40°C
under a gentle stream of nitrogen. The residue was
reconstituted with 100 pl of the mobile phase consisting of
acetonitrile and 0.1% triethylamine in distilled water with
pH modified to 3.0 by phosphoric acid (54:46). The
reconstituted solution was mixed on a vortex mixer for
10 min, centrifuged for 10 min at 4,000 rpm (3,700xg),
and a portion (60 pl) was injected into HPLC.

For drug analysis in tissues, standard curves were con-
structed by spiking 10 pl of working stock solutions to
blank tissue homogenates (100 pl each) to provide paclit-
axel concentrations of 10,000, 5,000, 1,000, 500, 100, 50
and 10 ng/ml for stomach, large intestine, kidney, spleen
and ovary, 10,000, 5,000, 1,000, 500, 100, 50 and 20 ng/ml
for liver, and 10,000, 5,000, 1,000, 500, 100 and 50 ng/ml
for small intestine. Stomach, small intestine, kidney and
lung homogenates were extracted with 7-butyl methyl ether
after addition of 20 pl of 0.5% formic acid, liver extracted
with #-butyl methyl ether after addition of 20 pl of 1IN HCI,
and large intestine, spleen and ovary extracted without pH
modification. Otherwise, the extraction procedures were
the same as described for plasma.

HPLC analytical conditions

The Waters 2690 separation module and the Waters 2487
dual A absorbance detector (Waters, Milford, MA, USA)
were used with a gradient elution. Chromatographic sepa-
rations were achieved with a Phenomenex Luna C;g
analytical column (4.6 x 250 mm, 5 pum) and a Security-
Guard C,g cartridge (3 x 4 mm) (Phenomenex, Torrance,
CA, USA). The mobile phase A was acetonitrile, and the
mobile phase B was 0.1% triethylamine in distilled water
with pH adjusted to 3.0 by addition of phosphoric acid. A
gradient elution was applied by increasing the mobile
phase A from 54 to 80% directly at 8.5 min through 12 min
and then slowly decreasing to 54% during 12—15 min. The
flow rate was 1.2 ml/min and the oven temperature was
40°C. The UV detection wavelength was set at 227 nm.

Assay validation

The calibration curves were constructed by the weighted
regression method (1/x) by plotting the peak area ratios of
drug to internal standard vs. actual concentration. The
lower limit of quantification (LLOQ) was defined as the
lowest drug concentration that yielded a signal-to-noise
(S/N) ratio >10, with acceptable accuracy and precision.

The precision was expressed as the coefficient of variance
of each concentration, and the accuracy was expressed as
the percentage of mean calculated vs. actual concentra-
tions. For plasma, the intra- and inter-day assay variability
was determined by assaying LLOQ (10 ng/ml), low quality
control (QC) (40 ng/ml), medium QC (2,000 ng/ml) and
high QC (9,000 ng/ml) samples on 3 consecutive days with
3 replicate samples of each day. For tissues, the intra- and
inter-day assay variability was determined by assaying
LLOQ (10 ng/ml for stomach, large intestine, kidney,
spleen and ovary, 20 ng/ml for liver, and 50 ng/ml for
small intestine and lung), low QC (90 ng/ml), medium QC
(2,000 ng/ml) and high QC (9,000 ng/ml) samples on 3
consecutive days with 3 replicate samples of each day.

Data analysis

The plasma drug concentration vs. time data were sub-
jected to a non-compartmental analysis using the nonlinear
least-squares regression program WinNonlin (Pharsight,
Cary, NC, USA). The area under the plasma drug con-
centration vs. time curve (AUC) and the area under the first
moment curve (AUMC) were calculated using the trape-
zoidal rule extrapolated to infinite time. The extrapolation
of AUC and AUMC to infinite time was obtained by
adding Cy/), to AUC and 1,C,//, + Cy/72 to AUMC,
where C,, is the concentration of the last sampling time (¢,).
The terminal elimination half-life (7,5 ;,) was calculated as
0.693/4,. The t,,,, was the time to reach the maximum drug
concentration (Cp,.x). The apparent oral systemic clearance
(CI/F), volume of distribution (V4/F) and mean residence
time (MRT) were calculated as Dose/AUC, Dose AUMC/
AUC? and AUMC/AUC, respectively. The absolute bio-
availability was calculated as Doseruxol AUCpup 107/
Dosepup 107 AUCrax01- Similarly, tissue distribution ratios
were calculated using the AUC values determined for each
tissue. All data were expressed as the mean + SD.

Results

In this study, validated HPLC assays were utilized to
determine paclitaxel concentrations in plasma and various
tissue samples. The chromatographic retention times were
7.8 and 6.4 min for paclitaxel and the internal standard,
respectively. A linearity was achieved over a concentration
range from 10 to 10,000 ng/ml for plasma, stomach, large
intestine, kidney, spleen and ovary, 20-10,000 ng/ml for
liver, and 50-10,000 ng/ml for small intestine and lung
(#* > 0.989). The intra- and inter-day accuracy ranged
from 80.9 to 120.0% and 82.0-116.0%, respectively, with
their respective %CV being >18.2% and <18.7% for
plasma and all tissues. The LLOQ was 10 ng/ml for
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plasma, stomach, large intestine, kidney, spleen and ovary,
20 ng/ml for liver, and 50 ng/ml for small intestine and
lung.

Figure 1 shows the plasma paclitaxel concentration-time
profiles obtained after i.v. injection of 5, 10 and 20 mg/kg
doses of Taxol and oral administration of 10, 20 and
40 mg/kg doses of DHP 107. Upon i.v. injection, plasma
drug concentrations decreased mono-exponentially. After
oral administration, a distinct absorption phase was
observed followed by a mono-exponential decay in plasma
drug concentrations. There was a tendency of a greater
inter-animal variability in measured drug concentrations
after oral administration (Fig. 1). Table 1 summarizes the
plasma pharmacokinetic parameters obtained after i.v. and
oral drug administration. Following i.v. injection, there
were reductions in Clg (1.5 - 0.2 I/h/kg) and V,
(4.1 - 0.5 /kg) as the dose was increased from 5 to
20 mg/kg. The initial plasma concentration (Cy) and the
area under the curve (AUC) were non-proportionally
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Fig. 1 Average plasma concentration-time profiles of paclitaxel after
i.v. injection of 5 (open circle), 10 (open square) and 20 (open
triangle) mg/kg doses of Taxol and oral administration of 10 (filled
circle), 20 (filled square) and 40 (filled triangle) mg/kg doses of DHP
107 in mice (n = 4 per sampling time)
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Table 1 Plasma pharmacokinetic parameters of paclitaxel after i.v.
injection of Taxol and oral administration of DHP 107 in mice

Parameter I-V. Taxol (mg/kg) Oral DHP 107 (mg/kg)
5 10 20 10 20 40
Cinax (ng/ml) 3,103 24,535 50,479 328 742 2,470
Imax (h) 0 0 0 1.0 2.0 2.0
ti/2,, (h) 1.9 1.1 1.8 2.1 1.6 1.5
Cl/F (I/h/kg) 1.5 0.4 0.2 122 100 5.1
Vz/F (I/kg) 4.1 0.7 0.5 374 225 112
AUC (ug h/l) 3,438 23,243 10,0454 818 2,008 7,793
AUMC (ug h/l) 5,293 25,756 172,068 2,501 5,871 24,301
MRT (hr) 1.5 1.1 1.7 31 29 3.1

increased as the dose was increased (Table 1). The terminal
elimination half-life, however, remained unaltered (range
1.1-1.9 h) as a result of simultaneous reductions in Clg and
V,. Following oral administration, the maximum concen-
tration (Cpay) was achieved over 1-2 h. As with i.v.
injection, the apparent clearance (Cly/F) and volume (V,/F)
were reduced, and C.x and AUC were nonlinearly
increased with increasing the dose. The terminal elimina-
tion half-life (1.5-2.1 h) was comparable to that found
after i.v. injection. Values for the absolute oral bioavail-
ability of DHP 107 determined at various doses are shown
in Table 2. When plasma AUCpyp 197 Was compared with
AUCT,x01 at an i.v. dose of 5 mg/kg, the highest bioavail-
ability (29.0%) was observed with the 40 mg/kg oral dose
and decreased to 14.6 and 11.9% as the oral dose was
reduced to 20 and 10 mg/kg. Similarly, when AUCpyp 197
was compared with AUCr,y at higher i.v. doses of 10 or
20 mg/kg, the absolute bioavailability was decreased as the
oral dose was reduced (Table 2).

Figure 2 shows the drug concentration-time profiles
for individual tissues following oral administration of
DHP 107 and i.v. injection of Taxol at different doses.
The Chax, fmax and AUC values determined for each
tissue are summarized in Table 3. Upon i.v. injection,
paclitaxel was rapidly distributed to all tissues, with
maximum drug concentrations observed at the first

Table 2 Absolute oral bioavailability of DHP 107

Taxol Dose Oral Bioavailability (%)
10 mg/kg 20 mg/kg 40 mg/kg
5 mg/kg 11.9 14.6 29.0
10 mg/kg 3.5 4.3 8.6
20 mg/kg 1.6 2.0 4.0

Calculated as 100 (Dosetaxol AUCpHp 107/D0seprp 107 AUCTaxo1)
based on plasma data
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sampling time (0.5 h). The AUC values for these tissues
were at least comparable or greater than corresponding
plasma AUC values. Of all tissues tested, the liver
showed the highest C... and AUC. Following oral
administration of DHP 107, t,.x was achieved at 1-2 h
in liver, kidney, spleen, lung and ovary, but was gen-
erally reached at later times in the gastrointestinal
tissues. There was a preferential drug distribution to the
gastrointestinal tissues as well as the liver (Table 3).
Table 4 shows the extent of relative drug distribution to

individual tissues calculated as the dose-normalized
AUCphp 107/AUCTax0 ratio. The range for the relative
tissue distribution ratio was highest for the stomach
(63.2-342.0%) followed by small intestine (74.7—
139.0%), large intestine (23.4-112.9%) and ovary (3.6—
108.2%). These relative tissue distribution ratios were
greater than the systemic bioavailability of DHP 107
(range 1.6-29.0%). The relative tissue distribution ratios
were less for liver (27.3-42.4%), kidney (15.8-28.5%),
spleen (11.9-21.0%) and lung (8.5-26.6%).
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Table 3 Cinaxs fmax and AUC

determined after i.v. injection of Parameter I-V. taxol (mg/kg) Oral DHP 107 (mg/kg)

Taxol and oral administration of 5 10 20 10 20 40

DHP 107 in mice
Cinax (ng/g)
Stomach 3,528 21,014 17,219 8,469 29,174 84,836
S. Intestine 6,179 14,340 21,377 15,312 41,368 46,174
L. Intestine 5,503 17,339 17,252 2,391 9,260 13,252
Liver 47,858 79,303 99,712 18,229 30,777 59,203
Kidney 11,259 22,570 40,476 3,181 5,916 13,670
Spleen 8,650 20,569 26,684 2,051 3,694 7,922
Lung 6,321 30,443 34,882 2,479 5,204 11,395
Ovary 3,402 28,640 37,241 -2 1,008 12,184
Imax ()*
Stomach 0 0 0 1 1 4
S. Intestine 0 0 0 2 1 1
L. Intestine 0 0 0 6 4 2
Liver 0 0 0 1 2 1
Kidney 0 0 0 1 2 2
Spleen 0 0 0 1 2 2
Lung 0 0 0 1 2 2
Ovary 0 0 0 - 2 2
AUC (ng h/g)
Stomach 18,033 71,045 109,497 44,931 148,153 494,651
S. Intestine 30,943 80,175 123,727 59,894 171,970 271,464
L. Intestine 20,996 62,875 116,910 16,093 94,807 111,372
Liver 99,710 187,873 439,058 70,780 120,014 318,694
Kidney 27,561 57,612 128,089 10,126 21,067 62,895
Spleen 28,417 57,504 106,275 9,941 13,741 44,699
Lung 25,507 74,481 144,655 6,295 12,983 54,280
Ovary 3,285 79,845 178,521 - 3,409 58,836

? Indeterminate (below LLOQ)

Discussion

DHP 107 is a lipid-based oral dosage form containing
paclitaxel (10 mg/ml) formulated in a mixture of monoo-
lein, tricarprylin and Tween 80 (1:0.5:0.3, v/v). Being a
semisolid wax (m.p. 33-35°C), this oral paclitaxel dosage
form needs to be warmed to body temperature prior to
administration. When given orally to mice, DHP 107 is
reduced to micronized particles (>5 um) and micelles in
the jejunum and a lipid absorption is found in the cytosols
of enterocytes [23]. This formulation is free of Cremophor
EL and does not require premedications to alleviate
adverse hypersensitivity reactions associated with this
solvent [6, 8] or concomitant administration of P-glyco-
protein inhibitors often needed to enhance the systemic
absorption of paclitaxel [24-26].

In this study, the absolute bioavailability was deter-
mined for DHP 107 after oral administration at 10, 20 and
40 mg/kg doses. For comparison purposes, Taxol was
intravenously injected at 5, 10 and 20 mg/kg doses. The
oral bioavailability calculated at the same i.v. and oral
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doses was 3.5 and 2.0% at 10 and 20 mg/kg doses,
respectively. As with previous findings [7, 27], Taxol
exhibited dose-dependent plasma pharmacokinetics as
evidenced by altered Cl; and V, and non-proportional
increases in Cy and AUC as a function of dose (range 5—
20 mg/kg) (Table 1). The dose-dependent pharmacokinet-
ics could not be explained by the presence of Cremophor
EL only because its content was fixed constant for all i.v.
doses. It may be possible that the dose-dependent phar-
macokinetics is caused by saturable first-pass metabolism
or P-glycoprotein-mediated efflux system [14, 28]. The oral
administration of DHP 107 (doses range 10—40 mg/kg)
also resulted in nonlinear increases in plasma C,.x and
AUC, although this was not evident up to an oral dose of
20 mg/kg (Table 1). This observation may be explained by
the low oral bioavailability, i.e., the plasma AUCpyp at
doses up to 20 mg/kg doses (<2,008ug h/l) were less than
that the plasma AUCr,, found at a 5 mg/kg dose
(3,438 pg h/l). Given the dose-nonlinear pharmacokinetic
nature of paclitaxel, it may be more appropriate to calculate
the oral bioavailability of DHP 107 at comparable AUC
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Table 4 Relative extent (%) of tissue distribution of paclitaxel cal-
culated as 100 (Doseraxor AUCDHp 107)/(Dosepup 107 AUCraxo1)

Tissue Taxol Tissue distribution ratio of DHP 107 (%)
(mg/ke) 10 mg/kg 20 mg/kg 40 mg/kg
Stomach 5 124.6 205.4 342.0
10 63.2 104.3 174.1
20 82.1 135.3 2259
S. Intestine 5 96.8 138.9 109.7
10 74.7 107.2 84.7
20 96.8 139.0 109.8
L. Intestine 5 35.0 112.9 66.3
10 234 75.4 443
20 25.1 81.1 47.6
Liver 5 35.5 30.1 40.0
10 37.7 31.9 42.4
20 32.2 27.3 36.3
Kidney 5 18.4 19.1 28.5
10 17.6 18.3 27.3
20 15.8 16.4 24.6
Spleen 5 17.5 12.1 19.7
10 17.3 11.9 19.4
20 18.7 12.9 21.0
Lung 5 12.3 12.7 26.6
10 8.5 8.7 18.2
20 8.7 9.0 18.8
Ovary 5 -2 42.4 108.2
10 - 3.7 18.8
20 - 3.6 18.3

? Indeterminate (below LLOQ)

values between i.v. and oral administration. Consequently,
the dose-normalized plasma AUCpyp 197/AUCrax0 ratios
determined between 5 mg/kg i.v. dose and 20 or 40 mg/kg
oral dose may more appropriately represent the absolute
bioavailability of DHP 107 (14.6-29.0%). Ho et al. [29]
reported that the absolute oral bioavailability of paclitaxel
was higher (7.8 vs. 2.5%) in mice when it was given in a
dosing vehicle consisting of D-a-tocopheryl polyethylene
glycol 400 succinate (TPGS 400) and ethanol (1:1 v/v) than
in the Taxol formulation (Cremophor EL: ethanol, 1:1 v/v)
given orally. It is interesting to note that AUC found for the
Cremophor EL-free, TPGS 400 formulation given at a
paclitaxel dose of 100 mg/kg (499 £ 42 min pg/ml) is
comparable to AUC found for the oral DPH 107 at a
paclitaxel dose of 40 mg/kg (7,793 pg h/l, Table 1) in the
present study. A caution should be, however, exercised
when comparing these AUC values due to the dose-
dependent nature of paclitaxel pharmacokinetics.

After i.v. injection of Taxol, AUC values for all tissues
were higher than corresponding plasma AUC values
(Tables 1 and 3), with the highest AUC observed for the

liver. The distribution of paclitaxel was comparable among
other tissues (Table 3). It is worth noting that, unlike the
dose-nonlinear plasma pharmacokinetics, AUC values for
individual tissues were linearly increased with increasing
the i.v. dose. As with the i.v. injection study, following oral
administration of DHP 107, AUC values for all tissues were
higher than corresponding plasma AUC values (Tables 1
and 3). In addition, there was a preferential drug distribution
to the gastrointestinal tissues of stomach, small intestine
and large intestine (Tables 3 and 4). Since DHP 107 is a
lipid-based oral dosage form, it may be possible that
micronized particles and micelles may still be adhered to
the gut luminal surface after rinsing the tissues (3 cycles),
resulting in overestimation in the gastrointestinal tissue
distribution. To examine this possibility, the rinsing effi-
ciency was determined in a separate study. Four mice were
administered with DHP 107 at a dose of 40 mg/kg, and
stomach, small intestine and large intestine were taken at
2 h. Each tissue was cut longitudinally into two parts, and
one part washed 3 times and the other part washed 10 times
with saline. The average drug concentrations measured in
these tissues were comparable to those found earlier. In
addition, there was no statistical difference in drug con-
centrations between 3 and 10 washing cycles. Therefore, the
preferential drug distribution to the gastrointestinal tissues
found after oral administration of DHP 107 appears to be a
result of drug transport across the gastrointestinal mem-
branes [23]. The extent of tissue distribution of DHP 107
was compared with Taxol. At a fixed i.v. dose of 5, 10 or
20 mg/kg, the relative tissue AUCpyp 107/AUCTax01 ratios
did not increase with increasing the oral dose for all tissues
but stomach. Similarly, at a fixed oral dose of 10, 20 or
40 mg/kg, the relative tissue AUCpyp 1907/AUCTax0) ratios
appear unaltered for all tissues with increasing the i.v. dose
(Table 4). It is worth noting that, compared with the abso-
lute bioavailability (range 1.6-29.0%), the relative tissue
distribution ratios of DHP 107 were greater for stomach
(63.2-342.9%), small intestine (74.7-139.0%), large intes-
tine (23.4-112.9%) and ovary (3.6—108.2%). The relative
tissue distribution ratios appear similar or greater for other
tissues of liver (27.3-42.4%), kidney (15.8-28.5%), spleen
(11.9-21.0%) and lung (8.5-26.6%).

In conclusion, paclitaxel was systemically absorbed
after oral administration of DHP 107, with the absolute
bioavailability determined at comparable oral and i.v. AUC
values being 14.6-29.0%. Furthermore, the relative tissue
distribution of DHP 107 calculated as the dose-normalized
tissue AUCppp 107/AUCr.x0 ratio was greater than the
plasma AUCpyp 107/AUCrax0 ratios (systemic bioavail-
ability), especially for the gastrointestinal tissues and
ovary. Further clinical studies are warranted to examine the
therapeutic implications of orally administering DHP 107
to cancer patients.
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