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Microspheres Containing Isopropyl Myristate after Targeted Delivery
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This study describes the pharmacokinetic behaviors of taxol after intravenous administration of taxol-loaded
poly(lactic-co-glycolic acid) microspheres containing isopropyl myristate (namely, Taxol-IPM-PLGA-MS) and taxol
saline solution to mice. Taxol-IPM-PLGA-MS were prepared using a solvent evaporation technique. The drug
content and trapping efficiency of taxol in the microspheres were 5.09% (w/w) and 98%, respectively; the average
diameter of the microspheres was 30.1 pm. Scanning electron microscopy showed that Taxol-IPM-PLGA-MS were
spherical with a smooth surface. After administration of the drug saline solution (3 mg taxol/kg), taxol disappeared
rapidly from plasma within 4—6h and distributed extensively in various tissues. The tissue levels and AUC,;,;,. of
taxol in the lung were obviously higher than those in plasma but relatively lower than those in kidneys, bile,
and liver. The biodistribution of taxol after administration of Taxol-IPM-PLGA-MS (3 mg taxol/kg), on the other
hand, was altered significantly from the control (taxol solution) group. No taxol was detected in plasma or bile
within 3 weeks, and only very low level of taxol was detected in the kidneys or liver within 48 h. However, taxol
concentrations in the lung were increased significantly with the microsphere group; the peak concentration of taxol
and AUC,,; in the lung was three times and 500 times higher than those with the taxol solution group, respectively.
It was also noticed that the taxol levels in the lung were maintained at relatively high levels (> 10 ug/ml) for 3
weeks. Thus, the present study demonstrated the effective targeted delivery of taxol to the lung of mice using

Taxol-IPM-PLGA-MS.
Key words

Taxol is a novel antineoplastic agent isolated from the
bark of the Pacific yew tree, Taxus brevifolia," with its
unique antitumor mechanism of action as an inducer of
tubulin assembly.?’ Phase I and II clinical studies have
demonstrated the significant activity of taxol against a
variety of solid tumors, including breast cancer, advanced
ovarian carcinoma, lung cancer, head and neck carcinomas,
and acute leukemias.®* Due to the poor solubility of taxol
in water and many other acceptable pharmaceutical
solvents, Cremophor EL (polyoxyethylated castor oil) is
used to formulate taxol in a commercial injection. How-
ever, serious hypersensitivity reactions have been reported
in certain individuals since the content of Cremophor EL
used in the taxol formulation is significantly higher than
that in any other marketed drug.” Therefore, alterna-
tive dosage forms have been developed to eliminate the
Cremophor vehicle by reformulating the drug in some
better-tolerated vehicles, including liposomes,®™® par-
enteral emulsions,” cyclodextrin complexes,'® and mixed
micelles.! )

The use of microspheres for chemo-embolization is one
of the most effective approaches to enhance therapeutic
efficacy of anticancer agents while reducing the systemic
side effects, and some satisfactory therapeutic effects were
obtained in clinical trials."*** In our previous study,'
taxol-loaded poly(lactic-co-glycolic acid) microspheres
containing isopropyl myristate (IPM) as a chemical
additive (namely, Taxol-IPM-PLGA-MS) were prepared
and characterized in vitro. Approximately 70% of the
initially loaded amount of taxol was released at a nearly
constant rate for 3 weeks, and the microspheres showed
good sphericity with an average diameter of approximately
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30 um,'® suggesting that Taxol-IPM-PLGA-MS can be
used for the targeted delivery of taxol. Thus, in the present
study, these microspheres were employed for targeted taxol
delivery to the lung in mice; pharmacokinetic behaviors
of taxol after intravenous (i.v.) administration of
Taxol-IPM-PLGA-MS and taxol solution were examined,
focusing particularly on the biodistribution of the drug
in the targeted organ.

MATERIALS AND METHODS

Materials Taxol was a gift from Bristol-Myers Squibb
Co. (Tokyo, Japan). Poly(lactic-co-glycolic acid) (aver-
age molecular weight, 10000; lactic acid/glycolic acid,
75:25), IPM, Cremophor® EL, phosphoric acid, dichlo-
romethane (DCM) and acetonitrile (HPLC grade) were
purchased from Nacalai Tesque Inc. (Kyoto, Japan).
Gelatin and Tween 80 were of analytical grade from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). n-Hexyl
p-hydroxy benzoate, an internal standard of taxol for
HPLC assay, was purchased from Tokyo Chemical In-
dustry Co., Ltd. (Tokyo, Japan). Lyophilized bovine
serum albumin powder (BSA) was obtained from Sigma
Chemical Co. (St. Louis, Mo., U.S.A.). Double distilled
water (DDW) was used throughout the experiment.

Preparation of Taxol-Loaded PLGA Microspheres Con-
taining IPM A solvent evaporation technique'® was
used to prepare Taxol-IPM-PLGA-MS. PLGA (50 mg),
IPM (15mg), and taxol powder (3.5mg) were dissolved
in 1 ml of DCM. The solution, after being cooled to 4 °C,
was added in a dropwise manner to 50mi of 4% (w/v)
gelatin solution stirred at 600 rpm by a magnetic stirrer
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and maintained at 25+ 1 °C in a water bath. To evaporate
DCM, the stirring was continued for 1h. Then, 25ml of
DDW was added to dilute the gelatin solution, and the
microspheres were separated by centrifuging at 3000 rpm
for 10 min. After removing the supernatant solution, the
microspheres were collected by filtration through a
cellulose nitrate membrane (pore diameter 1um, Toyo
Roshi Kaisha, Ltd., Tokyo, Japan), washed three times
with water, and dried at room temperature under reduced
pressure. The obtained microspheres were kept in a
desiccator at room temperature before use.

The taxol content in the microspheres was determined
by HPLC according to the method described in our
previous report.!*) For particle size determination, the
microspheres were mounted on a slide glass and inspect-
ed under an optical microscope (IMT; Olympus, Tokyo,
Japan) connected to a video camera (ICD-740; Olympus).
The video signals were displayed on a computer, and the
size of 300 particles was measured for each sample using
an image analysis software (Image 3.0, NIH, U.S.A.).

Scanning Electron Microscopy (SEM) The shape and
surface morphology of the obtained microspheres were
examined with a scanning electron microscope (Hitachi
S-4500, Tokyo, Japan). Microspheres were coated with
gold-palladium using an ion-coater and examined under
the microscope at 5.0kV.

Animals Male ddY mice (8 weeks, 30—37g) were
obtained from Sankyo Laboratory Co., Ltd. (Toyama,
Japan) and were used throughout the experiment. The
mice were allowed free access to standard rodent chow
and water.

Preparation of Taxol Dosages The taxol microspheres
(10 mg) were dispersed in 1 ml of saline containing 0.05%
(w/v) of Tween 80 just before use and vortexed for their
better suspension. The taxol stock solution was prepared
according to the commercial formulation of the drug. In
brief, taxol was dissolved in dehydrated ethanol with an
equal volume of Cremophor EL, facilitated by sonification
for 20 min to obtain the taxol stock solution (6 mg/ml).
The solution was kept at 4°C and used within 10d. On
the day of administration, the stock solution was brought
to room temperature, diluted with saline to a final
concentration of 0.5mg/ml of taxol, and used within
20—30 min.

Pharmacokinetic Studies Two hundred ul of Taxol-
IPM-PLGA-MS suspension (10 mg/ml) was administered
by a single i.v. bolus injection through the jugular vein of
mice (n=4) under light anesthesia with diethyl ether.
Blood, bile, and tissues were obtained at 2, 12, 24, 48,
72, 168, 336, and 504h after the administration of the
microspheres. Blood was collected from the carotid artery
in a 1.5ml heparinized polypropylene microtube. The
tubes were centrifuged immediately at 12000 rpm for 5 min;
the plasma supernatant was separated and stored at
—20°C until analysis. Bile was drawn from the gall bladder
with a 1-ml disposable syringe to which a 26-gauge needle
was attached. After the bile was weighed, 1 ml of 4% (w/v)
BSA solution was applied to dilute the bile sample. The
liver (0.3—0.9 g), kidneys, and lungs were dissected rapidly
from the mice after exsanguination, rinsed with saline, and
blotted dry. All the tissue and bile samples were weighed
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and stored at —20°C until analysis. The taxol contents
in plasma, bile, and tissue samples were analyzed within 2
weeks. For a control experiment, 200 ul of taxol saline
solution (0.5 mg/ml) was given by an i.v. bolus injection
through the jugular vein of mice (n=4). At 15, 30 min, 1,
2,4, 6, 8, and 12h after the injection, blood, bile, and
tissue samples were collected, followed by the same
procedure described above.

Analysis of Taxol Plasma, bile, and tissue concen-
trations of taxol were determined by HPLC according
to the method of Mase et al.'® with some minor modifi-
cations. Frozen samples were thawed in a water bath at
4°C. Tissue samples were homogenized at 1400 rpm in
1/15Mm phosphoric acid solution using a tissue homog-
enizer (Ikemoto Scientific Technology Co., Ltd., Tokyo,
Japan). Approximately 1.5, 4, and Sml of 1/15M phos-
phoric acid solution were used for the homogenization
of lung, kidneys, and liver samples, respectively. Then,
the tissue homogenates were centrifuged at 3600 rpm for
15min at 4°C, and the supernatants were used for taxol
assay.

A solid-phase extraction (SPE) procedure was applied
for sample pretreatment before HPLC analysis, employing
Sep-Pak cartridge C;3 columns (Waters Assoc.,, MA,
U.S.A.). The SPE columns were conditioned with 5ml of
acetonitrile and then with Sml of DDW. Plasma samples
(200—600 ul) were diluted with 2 ml of DDW; bile samples
were mixed with 1 ml of DDW and loaded on the SPE
columns. Immediately, 1 ug of the internal standard was
applied to the columns; the columns were washed with
4ml of DDW, and then with 4ml of 30% (v/v) aceto-
nitrile solution. Finally, the eluate was collected after the
addition of 4ml of acetonitrile. The eluate was evapo-
rated to dryness under a nitrogen gas stream at 40 °C in
a water bath. The residue was reconstituted in 250 ul
of acetonitrile: 2mM phosphoric acid (50:50, v/v) by
vortex-mixing for 15s. Thus obtained samples were filtered
through a 0.2-um filter (GL Science, Tokyo, Japan) and
the filtrates were used for taxol analysis.

For HPLC analysis, a reverse-phase column (Inertsil
ODS-5; 150 x 4.6 mm i.d., particle size 5 um, GL Science)
equipped with a pu-Bondapak C,4 guard column (50 x 4
mm i.d., particle size 5 um, Waters Assoc.) was used and
the column temperature was controlled at 40°C with a
column oven (CTO-6A; Shimadzu, Kyoto, Japan). The
mobile phase, consisting of a mixture of acetonitrile and
2mMm phosphoric acid (50:50, v/v), was delivered at a
flow rate of 1.5 ml/min with a pump (LC-6AD; Shimadzu).
A 100 pl-aliquot of the samples was injected with an
autoinjector (SIL-9A; Shimadzu) and column eflluent
was detected at 227nm with a UV detector (SPD-6A;
Shimadzu). The area of each eluted peak was integrated
with an integrator (C-R6A; Shimadzu).

The taxol concentration in each sample was calculated
using the ratio of the peak areas of taxol and the internal
standard by comparing that ratio with a corresponding
standard curve prepared in the appropriate blank samples.
The calibration curve used for the quantification of taxol
was linear over the range of 30—5000ng /ml in plasma,
100—5000 ng/g in the lung, 50—3000 ng/g in the kidneys,
20—4000 ng/g in the liver, and 1—50 pg/g in bile, with the
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correlation coefficient of r%>0.995.

Pharmacokinetic Analysis The plasma, bile, and tissue
concentrations of taxol vs. time curves were characteriz-
ed by a moment method implemented in a Microsoft Excel
macro'” to obtain model-independent pharmacokinetic
parameters, i.e., the area under the plasma, bile, and tissue
concentration vs. time curves (4 UC), mean residence time
(MRT) in plasma, mean transit time (MTT) in bile and
tissues, total body clearance (Cl), the volume of
distribution (V,), and the elimination half-time (¢, ). In
order to assess the extent of tissue distribution on a
concentration basis, the distribution index (namely, DI)
of taxol was defined as follows:

AUC, in each msue or plasma
DI (Yo)=— e 1 EACH T s x 100

sum of 4UC};,. in various tissues and pldsmd

Statistical Analysis Significant differences between the
observed data were assessed by Student’s r-test.

RESULTS

Size, Drug Content, and Surface Morphology of

Taxol-IPM-PLGA-MS The solvent evaporation tech-
nique was used successfully to formulate the taxol-loaded
microspheres. The drug content in Taxol-IPM-PLGA-MS
(w/w) (mean+S.D.,

was 5.09+0.03% n=4) and the
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trapping efficiency of taxol, which is calculated as the ratio
of drug weight in the produced microspheres to that used
for the preparation, was approximately 98%. The average
diameter of the microspheres was 30.1+11.9 um (mean +
S.D.; n=300); 93.8% of them dispersed in a range from
7 to 65 um on the basis of particle number; the average
diameter was almost the same among the three batches of
the microspheres. SEM showed that the placebo PLGA
microspheres (without a drug) were spherical with a
smooth surface (Fig. 1a). Incorporation of 30% (w/w)
IPM and 5% (w/w) taxol had no obvious influence on the
shape of the microspheres except that some pores were
noticed on the surface. The taxol microspheres were fairly
spherical without evidence of aggregation; no taxol crystals
were found on the surface (Fig. 1b).

Pharmacokinetic Analysis of Taxol after Administration
of Taxol-IPM-PLGA-MS and Drug Selution The mice
well tolerated the i.v. administration of Taxol-IPM-
PLGA-MS at the dose of 2 mg/body, and all mice survived
until the end of the experiment. The biodistribution data
of taxol in plasma, bile, and tissues after i.v. administra-
tion of taxol solution and the taxol microspheres are
given in Tables | and 2, respectively. The pharmacokinetic
parameters of taxol in plasma and tissues obtained by a
moment analysis are listed in Tables 3 and 4, respectively.

Taxol disappeared rapidly from plasma within 4—6h

b

20 um 20 um
Fig. 1. Scanning Electron Micrographs Showing Surface Morphology of Placebo Poly(lactic-co-glycolic acid) Microspheres (a, x 500) and
Taxol-IPM-PLGA-MS (b, x 500)
The loading levels of taxol and IPM were 5% (w/w) and 30% (w/w), respectively.
Table 1. Biodistribution of Taxol in Mice after i.v. Administration of Taxol Solution at the Dose of 3 mg Taxol/kg
Time Lung“’ Liver” Kidney* Bile® Plasma®
15 min 8433 + 644 51510+ 6041) 16848+ 877 1 5748 + ()474 ”89(] +472
30 min 5069 + 531 35712 44056 10024+ 228 14367+ 2181 503+ 25
lh 29924879 21361 + 2586 6572+ 1392 1551448325 171+ 29
2h 2145+477 19135+ 6141 5641+ 890 16917 +7321 138+ 43
4h 9424282 6685+ 1893 1400+ 368 16896 + 6767 27+ 7
6h 539+ 142 6194+ 1010 1165+ 471 12412 4+ 3079 ND
8h 147+ 77 2980+ 781 507+ 69 1878 + 703 ND
12h 43+ 57 1079+ 408 386+ 73 ND

Each value represents the mean +S.D. of four mice.

ND

a) Taxol concentration in ng/g. h) Taxol concentration in ng/ml. ND: not detected.
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Table 2. Biodistribution of Taxol in Mice after i.v. Administration of
Taxol-Loaded PLGA Microspheres Containing IPM at the Dose of 3mg
Taxol/kg

Time

) Lung? Liver? Kidney® Bile® Plasma®”
2 26169+ 3596 436464 74125 ND ND
12 19019+ 5115 ND ND ND ND
24 17695 +3013 88+33 ND ND ND
48 1111543846 44+ 9 ND ND ND
72 11857 +3109 ND ND ND ND
168 10930 +4687 ND ND ND ND
336 1499545165 ND ND ND ND
504 11981 + 3499 ND ND ND ND

Each value represents the mean + S.D. of four mice. a) Taxol concentration in
ng/g. b) Taxol concentration in ng/ml. ND: not detected.

Table 3. Pharmacokinetic Parameters of Taxol in Plasma after i.v.
Administration of Taxol Saline Solution to Mice at the Dose of 3mg
Taxol/kg?

Parameter Taxol saline solution
ty), (h) 0.97
AUC,_ ¢, (ug-h/ml) 1.20
MRTy ¢y (h) 0.97
V4 (ml/kg) 3010
Cl,,, (ml/h/kg) 2413
DI (%) 0.5

a) Bach parameter was calculated from the average taxol concentrations in
plasma (n=4) at times when the mice were exsanguinated for blood sampling.

Table 4. Pharmacokinetic Parameters of Taxol in Tissues after i.v.
Administration of Taxol-Loaded PLGA Microspheres Containing [IPM
and Taxol Saline Solution to Mice at the Dose of 3 mg Taxol/kg?

Taxol saline solution

Parameter

Lung Liver Kidneys Bile
Conax (pg/ml) 8.43 51.51 16.85 16.92
ty,, (h) 1.65 2.26 2.16 3.44
AUCinie (ug-h/ml) 12.55 1042 27.58 103.5
MTT . (h) 2.31 2.97 2.60 3.41
DI (%) 5.0 41.8 11.1 41.6
Taxol-IPM-PLGA-MS
Parameter
Lung Liver Kidneys
Cax (pg/ml) 26.17 0.44 0.07
tyy, (h) 936 116 P
AUCy4e (ng-h/ml) 6613 3.21 0.44
MTT. (D) 254 21.5 -
DI (%) 99.94 0.05 0.01

a) Each parameter was calculated from the average taxol concentrations in bile
and tissues (n=4) at times when the mice were exsanguinated for sampling.
b) Not applicable due to the scarcity of data. ’

after administration of the drug solution (Table 1). The
t1, and Cl, were 0.97h and 2413 ml/h/kg, respectively,
which demonstrated the rapid elimination of taxol from
plasma. The ¥, of taxol was 3010 ml/kg, which is obviously
larger than the volume of total body water, indicating that
taxol was extensively distributed in tissues. The maximum
tissue level of taxol was observed in the liver, and the
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Fig. 2. Time Courses of Taxol Levels in the Lung of Mice after i.v.
Administration of Taxol-TPM-PLGA-MS and Drug Solution at the Dose
of 3 mg Taxol/kg

Each value and vertical bar represent the mean+S.D. of four mice. * p<0.01,
significantly different from the control (taxol solution) group.

AUC;,. of taxol in various tissues was approximately
10—87 times higher than that in plasma. The DI value, a
drug distribution index, after injection of the taxol saline
solution was the highest in the liver and bile, and lower
in the lung (Table 4).

The biodistribution of taxol after administration of
Taxol-IPM-PLGA-MS was altered markedly from that of
taxol solution, however. As shown in Table 2, no taxol
peak was detected in plasma or bile samples within 3
weeks, and only a very low amount could be detected in
kidneys at 2h and in liver within 48 h. The DI values for
the liver, kidney, bile, and plasma were extremely low,
indicating the strongly suppressed distribution of taxol in
the systemic circulation and non-targeted organs. In
contrast, the peak concentration of taxol in the lung was
approximately three times that in the taxol solution group;
the AUC;, ;.. in the lung for the microsphere group was
500 times higher than that in the taxol solution group.
Furthermore, almost 100% DI in the lung demonstrated
the effective targeted delivery of the drug to that organ
with the microspheres.

The taxol concentration in the lung vs. time curves in
the microsphere group and the drug solution group are
shown in Fig. 2. There was a significant difference in taxol
concentration (p <0.01) between the two groups at 2 and
12 h. Taxol disappeared rapidly from the lung within 12h
after administration of the drug solution, and ¢,,, was
approximately 1.6 h. However, the concentration of taxol
in the lung after administration of Taxol-IPM-PLGA-MS
was maintained at relatively high and constant levels
(>10 ug/ml) for 3 weeks after a progressive decline on
the first 2d. The ¢,,, of taxol in the lung was 936h.

DISCUSSION

Some taxol-induced toxicities, such as myelosuppres-
sion, mucositis, esophagitis, and peripheral neuropathy,
have been found to be related with its AUC in plasma
and/or steady state plasma concentration of taxol (C) in
early clinical pharmacokinetic studies.'® Therefore, the
targeted delivery of taxol should be highly beneficial in
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reducing its dose-limiting toxicity and enhancing the
antitumor efficacy. It has been demonstrated that the
targeted delivery of microspheres in vivo depends mainly
on their particle size and route of administration.'®
Particles larger than 7 um can be trapped in the capillary
bed of lungs after i.v. administration. Therefore, in this
study, the taxol microspheres with an average diameter of
30 um were produced and tested for the specific delivery
of taxol to the lung.

Pharmacokinetics of taxol have been studied extensive-
ly in phase I and II clinical trials'®2%; however, fewer re-
ports on its distribution in tissues have been found in
either humans or animals. Some pharmacokinetic studies
of taxol in animals have been performed by determining
the radioactivity in plasma and tissues after i.v. administra-
tion of [*H]taxol,>" although the levels and changes of
radioactivity with time do not represent the actual
behaviors of the unchanged form of taxol because of its
extensive metabolism.*? Eiseman et al.2¥ used an HPLC
method to define the pharmacokinetics of taxol in plasma
and tissues after i.v. administration of 22.5mg/kg to mice
and found its broad distribution in most tissues. Due to
the poor sensitivity of their assay (the limit of quantita-
tion in plasma and tissues: 0.5 and 0.8 ug/ml, respective-
ly), however, this method may not be suitable for the
pharmacokinetic study of taxol after targeted delivery
using Taxol-IPM-PLGA-MS. Mase et al.'® recently re-
ported a simple and sensitive HPLC method for the
determination of taxol in biological fluids, which was
also shown to be suitable to determine its tissue dis-
tribution in experimental animals.** Thus, in this study,
the method of Mase et al.'® was used to evaluate the
pharmacokinetic behavior of taxol after administration
of Taxol-IPM-PLGA-MS in mice.

According to the published pharmacokinetic data in
clinical trials and in animal experiments, metabolism, bile
excretion, and/or extensive tissue binding are believed to
account for the bulk of the taxol disposition in vivo.!8:2>
The drug is readily metabolized by liver and eliminated
mainly through biliary secretion.*® Only 10% of the total
clearance of taxol was accounted for by renal excretion,
while 40% of that administered was recovered in bile
collected for 24h in rats as both parent compound and
its metabolites.>” Thus, in this study, the pharmacoki-
netics of taxol in the liver, bile, kidney, lung, and plasma
were assessed to learn the behavior of Taxol-IPM-PLGA-
MS after i.v. administration, by which the microspheres
can be selectively delivered to the lung due to their large size.

After administration of Taxol-IPM-PLGA-MS, the
disposition profile of taxol was changed significantly from
that after injection of taxol saline solution (Table 4). The
drug was concentrated highly in the lung (Table 4 and
Fig. 2). In vascular site-directed chemotherapy, the
released drug may be extracted during the first-pass
through the capillary bed of the target region, which leads
to regional drug levels higher than those after conventional
1.v. chemotherapy. The extent of the regional drug level
escalation depends mainly on the binding affinity of the
drug with a tissue.?® After an i.v. administration of taxol
solution, taxol was eliminated rapidly from plasma and
distributed extensively in various tissues, indicating its high
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affinity with these tissues, possibly due to its binding to
tubulin and other tissue proteins. Thus, it is not surprising
that significantly higher levels of taxol in the lung were
observed after i.v. administration of the microspheres than
those found in plasma and other tissues. The absence of
a large burst effect and the sustained release of taxol from
the microspheres prepared by us'® probably enhanced the
first-pass distribution of the drug in the targeted organ.
However, since the whole lung was extirpated to determine
regional taxol levels, C,,, may represent not only the
released drug but also the microsphere-derived drug con-
tent in the lung; moreover, the PLGA microspheres in
the lung would finally be degraded and the drug in the
microspheres released by that time. Therefore, C,,,,,, should
be viewed as the apparent drug concentration which
roughly reflects the local drug residence in the organ. It
was demonstrated in our previous report'® that approx-
imately 70% of the initialy loaded taxol was released in
vitro over 3 weeks at a nearly constant rate (i.e., zero-
order kinetics) from Taxol-IPM-PLGA-MS used in this
study. Furthermore, another experiment showed that more
rapid release of taxol from the microspheres in vivo
occurred due to the faster degradation of the microsphere
matrix (manuscript in preparation), which aids diffusion
of the drug out of the matrix.?*3% Thus, the relatively
high and constant taxol level in the lung after
administration of Taxol-IPM-PLGA-MS may be main-
ly attributable to the drug released from the micro-
spheres. So far, it has been very difficult to separate the
microsphere-derived drug content from the tissue-derived
drug content in a quantitative manner.

In conclusion, Taxol-IPM-PLGA-MS were demon-
strated to be efficiently delivered to the lung of mice
with a long residence time, while the systemic exposure of
non-targeted organs to taxol was significantly reduced. Tt
is thus suggested that Taxol-IPM-PLGA-MS will enhance
the anticancer efficacy in cancer chemotherapy while
reducing the systemic toxicity. Further investigation
should be performed to study the antitumor effect of
Taxol-IPM-PLGA-MS using animal tumor models.
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