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Abstract. The purpose of this study was to investigate the in vivo distribution and antitumor activity of
irinotecan (camptothecin (CPT)-11)-loaded folate-targeted liposome (F-Lip) in tumor-bearing mice fol-
lowing i.v. administration. Folate—poly(ethylene glycol)-distearoylphosphatidylcholine (FA-PEG-DSPE)
was synthesized by amide reaction of DSPE-PEG-NH, and FA. F-Lip modified by FA-PEG-DSPE was
prepared by an ammonium sulfate gradient. The mean particle size and entrapment efficiency of F-Lip
with negative charge were 197.8+4.58 nm and 91.39+2.34 %, respectively. The distributions of CPT-11
and SN-38 in the tumor after i.v. administration of F-Lip, CPT-11-loaded liposomes (C-Lip), and CPT-11
injection (C-Inj) were far greater with the F-Lip group in comparison to the C-Inj and C-Lip, which might
contribute to folate-meditated targeting uptake by the folate receptor on the surface of the tumor cells.
The uptake of CPT-11 in the liver and rectum for two liposome groups were all markedly increased as
compared to the C-Inj. Moreover, F-Lip exhibited a dose-dependent tumor growth inhibition and superior
anticancer activity to C-Lip and C-Inj after i.v. administration. It also showed no significant body weight
loss and much lower toxicity on the center immune organs. Therefore, F-Lip may be presented as
potential candidates for tumor targeting drug delivery.
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INTRODUCTION

Irinotecan (camptothecin (CPT)-11), 7-ethyl-10-[4-(1-
piperidino)-1-piperidino]-carbonyloxy-camptothecin, is a wa-
ter-soluble camptothecin derivative. It is currently the first-
line drug of choice for the treatment of the cancers including
colorectal cancer, refractory cervical cancer, and other gyne-
cological cancers (1,2). CPT-11 is a pro-drug, converted in vivo
to its active metabolite, SN-38 (7-ethyl-10-hydroxycamptothe-
cin). SN-38 exhibits up to 100-1,000-fold more cytotoxic ac-
tivity than CPT-11 although the plasma concentrations of SN-
38 are usually one to two orders of magnitude lower than
those of CPT-11 (3). Therefore, it is necessary to monitor the
concentrations of SN-38 in plasma and tissues to actually
evaluate antitumor effect of CPT-11.

Some drawbacks including lactone ring instability at
physiological pH and severe side toxicity have prevented the
clinical application of CPT-11 in cancer therapy. Moreover,
although CPT-11 is converted to SN-38 in the liver and tumor,
the metabolic conversion rate is less than 10 % (4,5), which
might be related with the carboxyesterase (CEs) activity. One
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of the reasons is that the saturation action of the CEs by
overdose drugs released from the common preparation of
CPT-11 might inhibit the further conversion of CPT-11 (6).

Some reports have studied the liposome formulation of
camptothecin (CPT) (6) and its derivatives including 9-nitro-
camptothecin (7) and CPT-11(8,9). It has been shown that the
liposome can enhance the drug solubility, reduce toxicity as-
sociated with free antitumor drugs, and improve stability of
the drugs. The method of CPT-11 encapsulation by liposome
can effect on drug retention following in vivo administration
and that better drug retention was associated with significant
improvement in therapeutic efficacy (9). Sadzuka et al. (10)
reported that the tumor accumulation of CPT-11 and SN-38
and the antitumor activity of CPT-11 were increased by poly
(ethylene glycol) (PEG)-modified liposome. Furthermore, the
intestinal disorder, a side effect of CPT-11, was decreased by
liposomalization. However, insufficient uptake at tumor sites
will decrease the therapeutic benefit, and nonspecific associa-
tion with healthy tissues can lead to toxic side effects (8). Some
targeting ligands such as transferring (11,12), folate (FA; or folic
acid) (13), and arginine—glycine—aspartic acid peptide (14) were
widely used in the tumor targeting drug delivery systems to
improve the uptake of the drugs in the tumor.

Folate, a water-soluble vitamin, can induce receptor-me-
diated endocytosis. The FA receptors (FR) have served as an
attractive target for tumor-specific drug delivery since they are
overexpressed on the surface of many cancer cells, but only
minimally distributed in normal tissues. Particularly interest-
ing is the observation that FR-targeted liposomal delivery can
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reverse multidrug resistance to doxorubicin (15). FA-PEG-
distearoylphosphatidylcholine (DSPE) synthesized by amide
reaction of FA-PEG-amine and DSPE was used for a
liposome formulation of paclitaxel targeting the FR. Com-
pared to the non-targeted liposome, FR-targeted liposome
containing paclitaxel showed 3.8-fold greater cytotoxicity
activity with longer terminal half-life (16). Han er al. (8)
described that polymer micelles prepared with FA-PEG-
DSPE and mPEG-DSPE had a higher antitumor activity
than both mPEG-DSPE polymer micelle and free drugs.
The best molar weight of FA-PEG-DSPE and mPEG-
DSPE was 1:100.

In this study, a CPT-11-loaded folate-targeted liposome
(F-Lip) was prepared with FA-PEG-DSPE to increase the
targeting efficiency of CPT-11 to the tumor as well as higher
stability and lower toxicity side effect. The plasma elimina-
tion and biodistribution of CPT-11 and its metabolite SN-38
after i.v. administration was investigated. Furthermore, the
therapeutic efficacy of F-Lip was evaluated in S-180 tumor-
bearing mice.

MATERIALS AND METHODS

Materials

Irinotecan (CPT-11, purity 99.5 %; Lot: 071203) and SN-
38 (purity 99.2 %; Lot: 071128) were purchased from Tianra-
nyuan Co. (Chengdou, China). CPT-11 injection (40 mg) was
obtained from HengRui Co (Lianyungang, China). Folate
acid was from Wuhan Yuancheng Technology Development
Co. Ltd. (Wuhan, China). The n-hydroxy-succinamide (NHS)
was purchased from Qiyun Biochemistry Co Ltd (Guangzhou,
China), and dicyclohexylcarbodiimide (DCC) was purchased
from Yanchang Biochemistry Co Ltd (Shanghai, China). Ami-
no-polyethylene glycol (Amino-PEG; M,~3,350) was pur-
chased from Sigma. Di-fert-butyl dicarbonate (Boc,O) was
purchased from Jinxiang Chemical Factory (Danyang, China).
Soybean phosphatidylcholine (S100) and DSPE were
obtained from Lipoid GmbH (Ludwigshafen, Germany). Cho-
lesterol was purchased from Huixing Biochemistry Co Ltd
(Shanghai, China). All other materials were of analytical
grade and obtained from commercial company.

Synthesis of FA-PEG-DSPE

DSPE-PEG-NH, was synthesized as described in a previ-
ous report (17). The products were determined by 'H NMR
(Avace AV-500, Bruker, Germany). FA-PEG-DSPE conjugate
was synthesized by the modified method (18). The synthesis
scheme was shown in Fig. 1. Briefly, folate was activated with
DCC and NHS at a 1:1:2 molar ratios in 40 mL DMSO for 18 h
in dark place and filtered to remove the DCU. DSPE-PEG-
NH, was added to the resulting solution with activated folate.
After staying overnight in dark place, the reactants were
isolation in a gel column (Sephadex G-50) eluted by 0.1 M
NaHCO; and 0.05 M acetic acid solution, respectively, to
remove DMSO and unreacted folate. The resulting solution
was then lyophilized and stored at 4°C until use. The product
was a yellow dry powder. The composition of the prepared FA-
PEG-DSPE conjugate was analyzed by "H NMR (Avace300,
Bruker, Germany).
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Preparation of CPT-11-Loaded Folate-Targeted Liposome

F-Lip was prepared by an ammonium sulfate gradient
according to the following procedures (19). Briefly, lipid mix-
ture (soybean phosphatidylcholine/cholesterol/sodium deoxy-
cholate=10:1:0.125, mass ratio) was dissolved in dehydrated
alcohol and dried under vacuum at 50°C. Lipid film was
hydrated by adding 10 mL ammonium sulfate solution
(0.1 M) and then vortex extensively at 50°C for 0.5 h. The
lipid suspension was extruded at least two times through a
filter (50 mm, Minipore) applied with polycarbonate mem-
branes (Whatman 0.2 um) to obtain desirable size distribu-
tion. The FA-PEG-DSPE was added and incubated at 60°C
for 1.5 h. The resulting liposome suspension was dialyzed
twice by dialysis bag (10,000 MWCO) in 0.9 % sodium chlo-
ride to remove uncapsulated ammonium sulfate. Then CPT-11
was dissolved in citric acid of 10.4 mg/mL and added to the
above suspension. The F-Lip suspension was obtained by
incubating at 45°C for 1 h after adjusting pH to 7.0 using
1 M NaOH solution. CPT-11-loaded liposomes (C-Lip) were
prepared by the same procedure without FA-PEG-DSPE.
Entrapment efficiency (percent) of the liposome was per-
formed by ultra-filtration method (19). Briefly, 1.0 mL lipo-
some suspensions was spiked into dialysis tube (Whatman,
My 100,000) and then ultracentrifuged at 40,000 rpm for
30 min to remove untrapped CPT-11. The concentrations of
free CPT-11 in the filtrate (Cynirappea) and CPT-11 in the lip-
osomes (Ciora;) Were measured by high-performance liquid
chromatography (HPLC). The entrapment efficiency was cal-
culated as follows:

Entrapment efficiency (%) = (Ciotal — Cuntrapped )/ Ctotar X 100

Characterization of the F-Lip

The particle size and zeta potential of the liposomes was
measured by photocorrelation spectrometer (Zetasizer
3000HS, Malvern Instruments Corp., UK) following dilution
with double-distilled water. The shape and surface morpholo-
gy of the liposomes were observed by using a Hitachi H-700
transmission electron microscope (TEM). Negative staining
with 1 % phosphotungstic acid solution was performed to
enhance image quality.

Stability of CPT-11 in Plasma

A 0.1 mL of the sample solution (1 mg/mL of CPT-11)
was added to 1 mL rat plasma and incubated for 2 h. Then the
CPT-11 was extracted from plasma by adding the 100 pL of
phosphate buffered saline (PBS; pH 1.3), 50 pL aliquot of
camptothecin (IS) working solution (2.0 pg/mL in acetoni-
trile), 100 uL of methanol, and 400 pL of acetonitrile. After
centrifugation, the supernatant was analyzed by previously
described HPLC method (20).

Determination of CPT-11 and SN-38 in Plasma and Tissues
by HPLC

A HPLC method was developed and validated for simul-
taneous determination of CPT-11 and SN-38 in plasma and
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Fig. 1. Synthetlc scheme of FA-PEG-DSPE

tissues of the mice. A Shimadzu RF-5301 HPLC system con-
sisted of a pump (LC-10ATVP, Shimadzu, Japan), a Fluori-
Monitor RF-10AxI fluorescence detector (Shimadzu, Japan).
A stainless steel analytical column packed with Hypersil ODS
material (5 pm, 250x4.6 mm Diamaonsil™) was used for chro-
matographic separation and was maintained at a temperature of
25°C. The mobile phase was composed of acetonitrile-50 mM
phosphate buffered saline (containing 0.2 % sodium heptane-
sulfonate with the pH adjusted to 4.0 with phosphoric acid)
(30:70, v/v), and it was degassed by ultrasonication and filtered
through a 0.22-pum cellulosic acetate filter (Millipore). The mo-
bile phase was delivered at a flow rate of 1.0 ml/min, and the
column effluent was monitored at an excitation wavelength of
380 nm and an emission wavelength of 540 nm.

The standard curves of peak area ratio as a function of
CPT-11 or SN-38 concentration over an investigated range
were linear with regression coefficients (r) of >0.998 for plas-
ma and tissues. The extraction and method recoveries were
greater than 80 %. The within-day and between-day relative
standard deviations were less than 12 %.

In Vivo Distribution Studies in Tumor-Bearing Mice

S180 cells were collected from the intraperitoneal cavity of
S180-bearing ICR mice. The mice (6 weeks old) were injected
subcutaneously in the right armpit with S180 cells suspensions
(2x107 cell/mL). After 4 days, the S180-bearing mice were
randomly divided into three groups. CPT-11 injection (control
group), C-Lip, and F-Lip were, respectively, administered by tail
vein injection to the mice at a dose of 20 mg/kg. At0.5, 1, 4, and
8 h after administration, the blood samples were collected from
the ocular artery. The mice were then sacrificed, and the tumor,

liver, spleen, lung, heart, rectum, and kidney were carefully
excised. Each tissue was quickly rinsed with saline and blotted
with filter paper. After weighing, the tissue samples were
homogenized with the saline. Measurements were made using
five mice at each time point.

Blood samples were anticoagulated with heparin and
centrifuged at 5,000 rpm for 10 min to obtain plasma. A 100-
puL volume of plasma was immediately transferred into a 1.5-
mL centrifuge tube with 10 pL sodium dodecyl sulfate solution
of 0.4 g/mL and then homogenized rapidly by vortex mixing.
A 100 puL of PBS (pH 1.3) was added and vortex-mixed. Next
50-pL aliquot of IS working solution (2.0 pg/mL in acetoni-
trile), 100 pL of methanol, and 400 puL of acetonitrile were
added into the resulting plasma samples. The mixtures were
vortex-mixed for 3 min and centrifuged at 16,000 rpm for
3 min. For 0.5-mL tissues, homogenates were extracted by
similar procedures. An aliquot of 50 pL was injected into LC
system for analysis. All experiments on animals were carried
out in strict accordance with the National Institute of Health
Guide for the Care and Use of Laboratory Animals.

In Vivo Antitumor Activity

The in vivo anticancer activity was evaluated against S180
solid tumors in mice. The S180-bearing mice were randomly
divided into ten groups. The negative control group was trea-
ted with saline. CPT-11 injection (10, 20, or 40 mg/kg dose), C-
Lip (5, 10, or 20 mg/kg dose), and F-Lip (5, 10, or 20 mg/kg
dose) were, respectively, administrated by tail vein injection to
the mice. The administration was performed at 0, 3, 5, and
7 days, respectively. The body weights were measured every
2 days. At 24 h after the last administration, the mice were
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Fig. 2. '"H NMR spectra of HO-PEG-NH (a), amino-PEG-DSPE
(b), and FA-PEG-DSPE (c) in DMSO

then sacrificed after weighting, and the tumor, thymus gland,
and spleen were carefully excised and weighted.

Data and Statistical Analysis

Pharmacokinetic parameters in plasma and tissues were
calculated using a statistical moment algorithm according to
measured values for infinite time (21). The statistical differ-
ences among group means were assessed using the two-way
unweighted means analysis of variance test, and a value of p<
0.05 was considered statistically significance.

Table I. The Encapsulation Efficiency %, Size, and Zeta Potential of
F-Lip and C-Lip (n=3)

Samples EE (%) Size (nm) Zeta potential (mV)
F-Lip 91.4+2.3 197.8+4.6 -11.7£3.0
C-Lip 95.3+3.1 206.6+2.2 —9.0+2.0

EE encapsulation efficiency, F-Lip CPT-11-loaded folate-targeted
liposome, C-Lip CPT-11-loaded liposome
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Fig. 3. Representative TEM images of irinotecan-loaded folate-
targeted liposomes (F-Lip)

RESULTS AND DISCUSSION

Synthesis and Characterization of FA-PEG-DSPE

The composition of the product was analyzed by '"H-NMR
(Fig. 2). The proton peaks of PEG (-CH,CH,O-) from the
products appeared at 3.3-3.6 ppm, and the new amide linkage
between FA and DSPE-PEG-NH, was observed at 8.04 ppm.
Besides, the products had the characteristic peaks of arene
groups of FA at 6.6-8.7 ppm (22) and a series of peaks of
DSPE at 0.85 ppm (-CH3-), at 1.19 ppm (-CH,-), at 2.28 ppm
(-CH,C=0), at 1.51 ppm (-CH,CH,C=0), and at 4.19 ppm
(CH,-O-C=0).

Characterization of F-Lip

The CPT-11 liposomes were prepared by pH gradient meth-
od. As shown in Table I, the mean particle size and entrapment
efficiency of F-Lip were 197.8+4.6 nm and 91.4+2.3 %, respec-
tively, which were slightly decreased as compared to C-Lip with
no significant difference. Moreover, F-Lip and C-Lip carried
negative charge. The representative TEM images are shown in
Fig. 3. The results showed that the F-Lip had almost spherical in
shape. Only less than 2.5 % leak amount of CPT-11 in F-Lip at a
week after preparation was observed, which was also about
three times lower than that in C-Lip. Moreover, there was no
significant change of the particle size, polydispersity index, and
zeta potential over time (data not shown). Nonetheless, the

100 *K
Lap |
g
& K
&60. '_\
[=1
e
= Wk
-
g
=Te]
8" .
0

C-Inj C-Lip F-Lip
Fig. 4. Degradation percent of CPT-11 in different formulations after
incubation with the rat plasma for 2 h (**p<0.01)
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F-Lip suspension solution should be lyophilized to keep the

long-term stability.

Stability of CPT-11 in Plasma

The stability of CPT-11 in the rat plasma was investigated.
The results in Fig. 4 showed that the degradation percent of
CPT-11 in two liposomes after incubation with plasma for 2 h
were significantly lower than that in the C-Inj, which suggested
that the liposomes could increase the stability of CPT-11 in rat

Zhang and Yao
In Vivo Distribution of F-Lip

The mean concentration-time profiles of CPT-11 and SN-
38 in plasma and typical tissues after i.v. administration are
presented in Fig. 5, and the non-compartment pharmacokinetic
parameters calculated according to the measured values for
infinite time are given in Tables II and III. Plasma concentration
of CPT-11 after i.v. administration of two liposome groups,
especially at 0.5 h, was increased relative to the C-Inj (the
control). F-Lip and C-Lip yielded higher level where the con-

plasma. centrations of CPT-11 at 0.5 h were 2.733 and 3.221 times greater
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Fig. 5. Biodistribution of CPT-11 and SN-38 in plasma, liver, tumor, and intestinum rectum
after i.v. administration of CPT-11 injection (C-Inj), CPT-11-loaded liposome (C-Lip), and
CPT-11-loaded folate-targeted liposome (F-Lip)
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Table II. Pharmacokinetic Parameters of CPT-11 in the Plasma and Tissues After i.v. Administration of C-Inj, C-Lip, and F-Lip, Respectively

Parameters Tissues C-Inj C-Lip F-Lip

AUC (ng/h/g) Plasma 1,035.1 13,357.3 12,952.0
Liver 9,670.1 18,834.9 21,056.2
Rectum 6,486.4 6,784.6 10,370.7
Tumor 1,249.4 1,537.7 2,506.2

Chnax (ng/g) Plasma / / /
Liver 3,988.5+808.5 5,612.0+145.7* 6,079+£528.8*
Rectum 1,455.1+367.2 1,191.9+46.6 2,108.0£306.6%%
Tumor 610.6+28.0 710.1+27.6* 774.9+46.0%*

Results of Cpay are given as mean+SD, and the others are given as mean (n=5). AUC values are calculated for 0-8 h. AUC value in plasma is

given as nanogram hour per milliliter

AUC area under the curve, C-Inj CPT-11 injection, C-Lip CPT-11-loaded liposome, F-Lip CPT-11-loaded folate-targeted liposome
*p<0.05 vs control group (C-Inj); *#*p<0.01 vs control group (C-Inj); ***p<0.01 vs C-Lip group

than the control, respectively. Such high plasma concentrations
of CPT-11 for two liposome groups might be owing to the
improved stability of CPT-11 by protection the drug from chem-
ical degradation and the sustained release of CPT-11 from the
liposome. Some studies showed that the liposome, especially
prepared at lower pH condition by pH gradient method,
resulted in stabilization of the lactone form of camptothecins
(such as CPT and CPT-11) (23,24).

Based on the area under the curve (AUC),-, values, the
uptake of CPT-11 in the tumor was far greater with the F-Lip
group in comparison to the control and C-Lip group. The Ciax
of F-Lip was also significantly higher than that of the control (p<
0.01). Especially, the concentration of CPT-11 in the tumor at 1 h
was 3.27 times higher than that of the C-Inj, yielding a compa-
rable efficacy with previous studies by Sadzuka et al., where
CPT-11 concentration in the tumor 8 h after administration in
liposomes with DSPC (S-Lip) and PEG-coated S-Lip (S-PEG)
groups increased by 3.2- and 4.5-fold, respectively, compared to
that in the Sol (10). Moreover, the concentration of CPT-11 in
the tumor at 1 h was 2.73 times higher than that of the C-Lip,
although the C,,,x of F-Lip and C-Lip was similar with the same
peak time at 0.5 h, which suggested that the drug clearance
would be slower as to the F-Lip group. These results showed
that F-Lip resulted in an increased distribution of CPT-11 to the
tumor. FA, as a targeting ligand, offers many advantages includ-
ing high specificity for tumors, non-immunogenicity, relatively
good stability, and available in large quantities (25). In this study,
F-Lip achieved the highest uptake of CPT-11 in the tumor as
compared to C-Inj and C-Lip, which was attributed to effective

FA receptor-mediated endocytosis. It is consistent with previous
studies of folate-targeted liposome for other antitumor drugs
such as doxorubicin (26-28), zoledronic acid (29), and paclitaxel
(30). Other possible mechanism might be related to several
factors: (1) The sizes of the F-Lip were less than 200 nm. Some
studies reported that the particles of 100-200 nm might aggre-
gate and localize in solid tumor with enhanced permeability and
retention (EPR) effect (11,31-33). (2) Some studies indicated
that folate-targeted liposome had a potential role in overcoming
drug resistance because of the bypass of the P-glycoprotein
efflux pump (15,26). The previous studies also showed that
FR-mediated uptake of the liposome loading doxorubicin into
a multidrug-resistant subline of M109-HiFR cells was unaffected
by P-glycoprotein efflux pump. Gabizon et al. also described that
FR-targeted liposomal delivery can reverse multidrug resistance
to doxorubicin (15). In addition, the AUC_, and Cp,,y values of
C-Lip were higher than those of the control, which was attrib-
uted to the improved stability of CPT-11 and the passive tumor
targeting based on the EPR effect due to the C-Lip sizes of
~200 nm (23,33).

Moreover, compared to the control group, the kidney,
heart, and lung uptake of the F-Lip group were all decreased,
and the spleen uptake was increased. The uptake of CPT-11 in
the tumor, liver, and spleen after i.v. administration of the C-
Lip were increased compared to the control, although it was
less than those of the F-Lip group (data not shown).

The concentration of SN-38 in the plasma and tissues was
also investigated. The results were listed in Table I1I. The Cy,,x
of SN-38 in the tumor was far greater with F-Lip than those of

Table III. Pharmacokinetic Parameters of SN-38 in the Plasma and Tissues After i.v. Administration of C-Inj, C-Lip, and F-Lip, Respectively

Parameters Tissues C-Inj C-Lip F-Lip

AUC (ng/h/g) Plasma 1922 225.8 276.7
Liver 3273 659.2 844.2
Rectum 159.0 172.1 334.2
Tumor 374.3 462.4 449.4

Chax (ng/g) Plasma 61.8+8.6 66.1+7.0 95.6£16.2% %k
Liver 61.1£12.4 338.7+198.1* 223.5+36.5%*
Rectum 26.9+6.4 39.3+12.8 53.3+10.4%
Tumor 1252+11.1 187.3+5.5%* 316.3+10.5% sk

Results of Cp,,x are given as mean+SD, and the others are given as mean (n=5). AUC values are calculated for 0-8 h. AUC value in plasma is

given as nanogram hour per milliliter

AUC area under the curve, C-Inj CPT-11 injection, C-Lip CPT-11-loaded liposome, F-Lip CPT-11-loaded folate-targeted liposome
*p<0.05 vs control group (C-Inj); *#*p<0.01 vs control group (C-Inj); ***p<0.05 vs C-Lip group; ****p<0.01 vs C-Lip group
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the control and C-Lip although the AUC for F-Lip was only
slightly greater than that of the control. These data suggest that
the targeting of CPT-11 to the tumor by liposomalization may
elevate the SN-38 level in the tumor, which could increase the
antitumor activity of CPT-11. Moreover, the AUC and C,,x of
SN-38 in the liver for two liposome groups were all markedly
increased as compared to the C-Inj, and the amplification was
also greater than those in the tumor. The sustained release of
CPT-11 from the liposome could prevent the saturation of car-
boxyesterase enzyme in the liver (34), which may provide higher
conversion efficiency of CPT-11 to SN-38 in liver. Some studies
also reported that CPT-11 after i.v. administration of free CPT-
11 was converted to SN-38 mainly in the liver. The amount of
SN-38 converted from CPT-11 in the tumor homogenate at 2 h
was only 37 % of that in the liver (7).

These studies also demonstrated that the distribution level
of CPT-11 and SN-38 in the rectum with the F-Lip group was
obviously increased as compared to the C-Inj. Previous study on
the pharmacokinetics showed that the CPT-11 could be reab-
sorbed by the hepato-enteral circulation (35). Therefore, for F-
Lip group, the uptake of CPT-11 in the rectum was increased
because higher concentration of CPT-11 in the liver facilitated
the hepato-enteral circulation of CPT-11. It suggested that the F-
Lip had a potential for the therapy of the intestinal cancer.

Interesting, we also found that the expected long circulation
effect was not observed although the FA-PEG-DSPE, a PEGy-
lated lipid, was added in the formulation of F-Lip. On the con-
trary, compared to C-Inj and C-Lip, F-Lip showed faster
clearance and shorter retention based on plasma concentra-
tion-time profiles and MRT values (MRT values of C-Inj, C-
Lip, and F-Lip calculated using a statistical moment algorithm
were 1.53, 1.11, and 1.07 h, respectively). It might be due to the
following reasons: The amount of FA-PEG-DSPE in F-Lip
formulation is too low to affect the surface characteristics of the
liposome (such as surface hydrophilicity and stereospecific block-
ade), so F-Lip cannot avoid the uptake of RES cells. Moreover,
the FA residues in F-Lip can bind to the plasma folate binding
protein in the blood, which results in faster removal of F-Lip by
RES due to nonspecific mechanisms (36). The in vivo distribu-
tion results also showed that the uptake of CPT-11 in the liver
and spleen after i.v. administration of F-Lip were slightly higher
than that obtained after i.v. administration of C-Lip. In addition,
compared to the control, the increased uptake in the liver after
i.v. administration of C-Lip might result from the passive target-
ing effect of liposomes due to the phagocytosis by RES cells.

Some studies showed that long circulation in blood could
increase accumulation of antitumor drugs in the tumors by EPR
effects (6). Therefore, the tumor targeting efficiency of F-Lip
could be further improved by adding the PEGylated lipid such
as mPEG-DSPE in the formulation to prolong the circulation
time in the blood. However, PEG coating interferes with the
uptake of F-Lip (36). Therefore, the amount of PEGylated lipid
and PEG length must be noticed to reduce the interference with
folate receptor-mediated cell uptake (14).

In Vivo Antitumor Activity

The in vivo antitumor activity of the C-Lip and F-Lip was
investigated. The saline was as the negative control, and C-Inj
was as the positive control. The results in Table IV showed
that a dose-dependent tumor growth inhibition was observed
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Table IV. Tumor Weight and Tumor Inhibitory Rate After i.v.
Administration of F-Lip, C-Lip, and C-Inj in S180 Tumor-Bearing
Mice (mean+SD, n=11)

Tumor inhibitory

Groups  Dose (mg/kg)  Weight of tumor (g) rate (%)
Blank / 0.97+0.39 0
F-Lip 20 0.37+0.22% 61.84
10 0.63+0.38* 35.05
5 0.70+0.28* 27.83
C-Lip 20 0.43+0.38%* 55.64
10 0.65+0.49%* 32.72
5 0.72+0.36 25.73
C-Inj 40 0.49+0.25%* 48.48
20 0.63+0.25 35.05
10 0.69+0.46 28.87

F-Lip CPT-11-loaded folate-targeted liposome, C-Lip CPT-11-loaded
liposome, C-Inj CPT-11 injection

*p>0.05 vs. control group (the blank); *#*p>0.01 vs. control group
(the blank)

with increasing dose of CPT-11 in three treatment groups
compared to the negative control. To obtain the significant
tumor growth inhibition effect, the required drug doses in C-
Lip and F-Lip were 10 and 5 mg/kg, which were much lower
than that in C-Inj group (40 mg/kg). Furthermore, the tumor
growth inhibition rate of two liposome groups at the dose of
20 mg/kg was significantly higher than those of C-Inj at the
dose of 40 mg/kg (p<0.01 for F-Lip and p<0.05 for C-Lip).
The tumor growth inhibition rate of two liposome groups at
the low dose of 10 mg/kg yielded comparable efficacy with
that of C-Inj at medium dose of 20 mg/kg. Moreover, the F-Lip
was found to be most efficient, obtaining higher tumor growth
inhibition rate than C-Lip at the same dose.

The toxicity of the formulation was evaluated by the body
weight loss, thymus index, and spleen index. Compared to the
negative control, there was no remarkable significant body
weight loss in mice after i.v. administration four times of the F-
Lip and C-Lip (p>0.05), while obvious body weight loss for C-Inj
group was observed. It suggested that the liposome could de-
crease the toxicity of CPT-11. Moreover, based on thymus index
and spleen index (Table V), the F-Lip also showed much lower
toxicity on the center immune organs than C-Inj and C-Lip.

Table V. Thymus Index and Spleen Index After i.v. Administration of
F-Lip, C-Lip, and C-Inj in S180 Tumor-Bearing Mice (Mean+SD, n=11)

Groups Dose (mg/kg) Thymus index (g/kg) Spleen index (g/kg)
Blank / 1.27+0.56 14.41+4.58
20 0.68+0.25* 12.30+2.82
F-Lip 10 0.70+0.50 14.84+3.61
5 1.01+£0.15 16.39+4.23
20 0.51+0.25%* 12.83+3.56
C-Lip 10 0.86+0.21%* 14.78+2.10
5 0.65+0.50%* 16.09+3.99
40 0.70£0.35%* 10.34+£2.92*
C-Inj 20 0.75+0.44%* 14.82+3.69
10 0.65+0.49%* 11.53+2.30*

F-Lip CPT-11-loaded folate-targeted liposome, C-Lip CPT-11-loaded
liposome, C-Inj CPT-11 injection

*p>0.05 vs. control group (the blank); **p>0.01 vs. control group
(the blank)
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CONCLUSION

FA-PEG-DSPE was synthesized by amide reaction of
DSPE-PEG-NH2 and FA. F-Lip modified by FA-PEG-
DSPE was successfully prepared by an ammonium sulfate
gradient with higher entrapment efficiency of 91.39+2.34 %
and the mean particle size of less than 200 nm. The distribu-
tions of CPT-11 and SN-38 in the tumor were far greater with
the F-Lip group in comparison to the C-Inj and C-Lip, which
might contribute to folate-meditated targeting uptake by the
folate receptor on the surface of the tumor cells. The uptake of
CPT-11 in the liver and rectum for two liposome groups was
all markedly increased as compared to the C-Inj. Moreover, F-
Lip exhibited a dose-dependent tumor growth inhibition,
superior anticancer activity, and lower toxicity as compared
to C-Lip and C-Inj after i.v. administration. Therefore, F-Lip
may be presented as potential candidates for tumor targeting
drug delivery.
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