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Abstract

Adoxorubicin (DOX)-carrier micellar system consisting of poly(histidine)(5K)-b-poly(ethylene
glycol)(2K) and poly(.-lactic acid)(3K)-b-PEG(2K)-folate has been developed targeting the early
endosomal pH and it have been convincingly proved that intracellular high dose strategy using
such micelles is effective in overcoming multidrug resistance (MDR) of cancer cells. Due to the
low DOX concentrations in the micelle solution obtained by dialysis and the lack of long-term
stability of the micelles, stable and lyophilized micelle formulations were the subject of
investigation reported here by using excipients of sucrose, PEG or Pluronic. The reconstituted
micelle solutions were examined by particle size, pH sensitivity, and cytotoxicity for MDR cells
and the results were compared with the non-lyophilized micelles. Among tested excipients,
Pluronic F127 (33 wt%) added to the polymer/drug solution prior to dialysis resulted in a
reconstituted product stable for a week and presented equivalent benefits as the fresh micelle
formulation. The blank micelles did not present any apparent systemic toxicity in mice up to 2400
mg/Kkg i.v. injection (800 mg/(kg day) for 3 days). The brief toxicity of reconstituted DOX loaded
micelles was examined by the maximum tolerated dose (MTD), which was approximately 7.5-fold
higher than free DOX and guaranteeing further animal toxicity and efficacy study.
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1. Introduction

In most cases, chemotherapy is one of the major therapeutic modalities after cancer surgery.
However, there are various challenges for anticancer agent formulations often associated
with their solubility, stability, sensitivity and toxicity (Allen et al., 2006). Furthermore, the
multidrug resistance (MDR) of cancer cells is a significant impediment to the efficacy of
anticancer drugs (Simon and Schindler, 1994; Links and Brown, 1999; Gottesman et al.,
2002; Szakacs et al., 2006). Recently, novel drug delivery approaches have been
investigated to obtain higher antitumor efficiency with reduced toxicity by altering the
biodistribution of anticancer drugs (Oh et al., 2007). Several independent groups have also
studied to overcome the MDR using various nanocarrier systems (Alakhov et al., 1999;
Vinogradov et al., 1999; Goren et al., 2000; Rapoport, 2004; Advani et al., 2005;
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Chavanpatil et al., 2006; Li et al., 2006; Pakunlu et al., 2006; Wang et al., 2006, 2007).
Among these, polymeric micelles have received much attention due to their favorable
characteristics of high drug loading capacity, small size, controlled drug release, flexibility
in surface modification, and imparting of various functionalities for effective targeting
(Kataoka et al., 2001; Lavasanifar et al., 2002). Especially, the environmentally responsive
polymers were investigated as smart drug delivery systems for targeted high-dose cancer
therapy and the reversal of MDR (Lee et al., 2003a, 2005; Mohajer et al., 2007).

Bae’s research group has developed a pH-sensitive doxorubicin (DOX) carrier micelle
formulation that underwent structural destabilization at acidic pH (Lee et al., 2003b). The
DOX-loaded pH-sensitive micelle (DPHSM) systems composed of 75wt% poly(histidine)-
b-poly(ethylene glycol) (PHis-PEG,M,: 5K-2K) and 25 wt%poly(.-lactic acid) (PLLA)-b-
PEG (Mp: 3K-2K) showed destabilization of micelles at pH 6.8 and enhanced anticancer
efficacy. Furthermore, folate modified micelles showed high cytotoxicity against MDR
tumor cells in vitro and in vivo (Lee et al., 2003a, 2005; Mohajer et al., 2007). However,
from a pharmaceutical point of view, the DPHSM system exhibits a few aspects that need
optimization of the formulation. For example, an aqueous formulation may cause the
degradation of DOX and polymers during storage. The DPHSM solution prepared via
dialysis has difficulties in adjusting a target final drug concentration, which should be able
to provide a therapeutic dose when necessary. A powder form of micelles which can be
reconstituted to a colloidal dispersion by simply adding water or a buffer, will be extremely
useful for in vivo applications, large scale preparation of the product, as well as for
concentration adjustments in final doses (Miyata et al., 2005).

A freeze-drying process is a useful process to obtain a dry powder form for long-term
stability and preserving the original properties of pharmaceutical and biological products.
However, when the pH-sensitive micelle powder without additives was prepared, the
reconstitution by adding a buffer solution resulted in the formation of micron-sized
aggregates or phase-separation. For many lyophilized pharmaceutical formulations, the
addition of saccharides as a lyoprotectant is demonstrated to prevent the formulations from
aggregation after freeze-drying (Talsma et al., 1997; Abdelwahed et al., 2006; Li et al.,
2008). However, adding low molecular weight saccharides to our micellar formulations did
not help improve colloidal stability after reconstitution. This paper reports on the lyophilized
DPHSM which can be reconstituted and concentrated for dose adjustment. Furthermore, the
reconstituted DPHSM was investigated for preservation of the original properties of the
freshly made micellar formulation preserves in terms of the particle size, pH-sensitivity, and
cytotoxicity against MDR cells. Finally, the toxicity of the reconstituted DPHSM was
briefly tested in a mouse model using maximum tolerance dose (MTD) determination.

2. Materials and experimental design
2.1. Materials

1-Benzyl-N-carbobenzoxy-.-histidine (Z-His(Bzl)-OH), thionyl chloride, isopropylamine
(IPA), triethylamine (TEA), poly(ethylene glycol) (PEG) (MW 400 and 2000), potassium
tetraborate, ammonium bicarbonate, N-hydroxysuccinimide (NHS), N,N’-
dicyclohexylcarbodiimide (DCC), folate, diethylaminoethyl (DEAE) Sephadex A-25,
DOX-HCI, anhydrous diethyl ether, phosphate buffer saline (PBS), anhydrous 1,4-Dioxane,
N,N-dimethylformamide (DMF), methylene chloride (MC), chloroform, toluene, dimethyl
sulfoxide (DMSO), and DMSO-dg with tetramethylsilane (TMS) were purchased from
Sigma—Aldrich (St. Louis, MO, USA). Penicillin-streptomycin, Tris—HCI (pH 8.4), fetal
bovine serum (FBS), 0.25% (w/v) trypsin—0.03% (w/v) EDTA solution, and RPMI11640
medium were purchased from Gibco (Uxbridge, UK). Pluronic P85 and F127 (abbreviated
as P85 and F127 hereafter) were obtained from BASF (New Jersey). PHis (My: 5K)-PEG
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(My: 2K) was synthesized as described in detail in previous reports (Lee et al., 2003b, 2007;
Kim et al., 2005). PLLA (Mp: 3K)-PEG(2K) was prepared by conventional method (Han et
al., 2003; Lee et al., 2003b). The synthesis of PLLA-PEG-folate was prepared as described

in previous reports (Lee et al., 2003a).

2.2. Preparation of mixed micelles and DPHSM

The pH-sensitive mixed micelles were prepared by blending of PHis-PEG and PLLA-PEG
in 75/25% (w/w). The polymers dissolved in DMSO were transferred to a preswollen
dialysis membrane (MWCO 1000) and dialyzed against HCI (or NaOH)-Na,B407 buffer
solution (pH 8.0, 10mM) for 24 h with several buffer replacements. DPHSM were also
prepared as detailed in previous reports (Lee et al., 2003a, 2005). HCI from DOX-HCI was
removed by TEA (two molar ratio of DOX-HCI) in DMSO to obtain the DOX base.
Polymers (PHis-PEG and PLLA-PEG-folate, 75/25,w/w)and DOX were dissolved in DMSO
and dialyzed against NaOH-Na,B,07 buffer solution (pH 9.0) for 24 h at 4 °C. The micelle
solution obtained after dialysis was lyophilized and the amount of entrapped DOX was
determined by measuring UV absorbance at 481 nm of the drug-loaded polymeric micelles
after dissolution in DMSO.

2.3. Preparation of reconstituted micelle formulation

The stock solution of 20 wt% sucrose, 20 wt% PEG (MW 400 and 2000), 1 wt% P85, and
10% F127 were prepared with distilled water and used as excipients for reconstitution of
DPHSM. The excipient solutions were mixed with DOX (10 mg) and polymers (90 mg) in
DMSO before dialysis (pre-adding), or DPHSM after dialysis (post-adding) in the
proportions indicated further. In the first method, the amount of water in the polymer/drug-
mixed solutions was not over at most 30% (v/v) of DMSO. Lyophilization was carried out in
a lab freeze-dryer, FreeZone 6 (Labconco Corp., Kansas City,MO,USA). The freeze-dried
samples were sealed with Parafilm® and stored in vacuum chamber at —20 °C until further
analysis.

2.4. Reconstitution of freeze-dried products

After freeze-drying, the products can be reconstituted by addition of buffer solution (PBS or
Na,B,407 buffer). The rehydration process was observed visually as the vials were gently
agitated by hand, leading to the formation of the aqueous liquid micelles for further
characterization.

2.5. Particle size determination of the polymeric micelles by dynamic light scattering (DLS)

The effective hydrodynamic diameter (D) of the particles was measured by photon
correlation spectroscopy using a Zetasizer 3000HS (Malvern Instrument, USA) equipped
with a He—Ne Laser beam at a wavelength of 633 nm. The sizing measurements were
performed in a thermostatic cell at a scattering angle of 90°. Software (Zetasizer 3000HS-
Easy. ver. 1.61) provided by the manufacturer, which employed cumulant analysis, was used
to calculate the size of the nanoparticles and the polydispersity index. The average diameters
values were calculated from at least 10 measurements performed on each samples.

2.6. Cytotoxicity test

Ovarian A2780 DOX resistant cells (A2780/DOX) grown in flasks were treated with 0.2%
(wiv) trypsin—0.1% (w/v) EDTA solution in order to detach the cells. The detached cells (5
x 104 cells/ml) were seeded in a 96 well plate and incubated for 1 day. The equivalent DOX
concentrations of each formulation were prepared by diluting with RPMI 1640 cell culture
medium. After 24 h treatments, 20 pl of MTT solution (500 pg/l) was added to each well
and incubated for 4 h. The medium was removed and then DMSO (100 ul) was added to
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each well for 10min incubation. The absorbance of each well was read with a microplate
reader (SpectraMax M2®, Molecular Devices, Sunnyvale, CA,USA) using a test wavelength
of 570 nm and a reference wavelength 630 nm. Animal toxicity study experiments were
performed using Balb/c mice (Simonsen Lab Inc., Gilroy, CA) with bodyweights of
approximately 21-23 g (10-12weeks old). To briefly test the polymer toxicity, a polymer
stock solution (80 mg/ml PHis-PEG) was prepared in saline (0.9% NaCl and pH adjusted to
6.0 for higher polymer solubility). Five mice per group were used to monitor weight loss and
visually observe the mice for polymer toxicity. The polymer solution was injected
intravenously (i.v.). Due to limited polymer solubility and injection volume, the doses of
1600 and 2400 mg/kg were administered by injecting the dose of 800mg/kg two times or
three times on a daily basis. The maximum tolerated dose (MTD) of the reconstituted
DPHSM administered i.v. was determined in healthy Balb/C mice (n = 5). The freeze-dried
DPHSM prepared by the above method was redispersed in PBS buffer (pH 8.0) immediately
before use. The reconstituted DPHSM with different concentrations (6.5-12.5 mg/ml) was
delivered i.v. through the lateral tail vein in mice. Animals were monitored for 2 weeks after
the first injection of different dose levels and euthanized when they lost more than 20% of
their initial body weight. The MTD was defined as one dose step below a dose where more
than one animal in the test group had to be sacrificed.

3. Results and discussion

3.1. DOX incorporated mixed micelles

DOX loaded pH-sensitive micelle (DPHSM) composed of PHis-PEG and PLLA-PEG-folate
was obtained by the dialysis method (membrane MWCO, 1000) against borate buffer
(10mM, pH 8.0). The maximum DOX loading capacity obtained was approximately 18 wt%
and the drug loading efficiency was about 85%, which is consistent with our previous results
(Lee et al., 2003a). Furthermore, DPHSM adjusted to 10 wt% drug loading content showed
more than 98% loading efficiency. The hydrodynamic size of fresh drug loaded micelles
was about 200 nm and when filtered through a syringe filter (0.8 um), the size of micelles
decreased to 70-150 nm with a unimodal distribution and the recovery yield after filtration
was approximately 80-98%.

A favorable size and recovery yield of DPHSM could be obtained by controlling the
diafiltration conditions, syringe filter size, and the DOX contents in DPHSM (unpublished
data). For example, when the water content in drug and polymer stock solution in DMSO
was controlled at 30% (v/v), the condition resulted in the formation of DPHSM with
favorable properties in terms of particle size, drug loading efficiency, and stability. The
borated buffer (pH 9.0) as a dialysis buffer is preferable over phosphate buffer (pH 8.0) for
higher drug loading efficiency and recovery yield. Ten to 12wt% drugs loading in DPHSM
may be an optimal drug content taking into account of the particle size, the stability, and the
further application.

3.2. Effects of excipients on reconstitution of lyophilized micelles

As mentioned above, two methods were tested for adding cryoprotectants during micelle
fabrication and freeze-drying processes: ‘pre-adding’ and ‘post-adding.” The latter resulted
in the formation of a dapple-colored cake after lyophilization due to heterogeneously
distributed cryoprotectant in the dried micellar cake. Consequently, the redispersed micelles
did not show a reproducible particle size of the reconstituted micelles in different batches.
The homogeneity in dried micellar cake is a critical factor for the scale-up process and
quality control in development. Therefore, the method of post-adding of the cryoprotectants
was further excluded from the study.
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Table 1 summarizes the results of reconstitution study of powders obtained by employing
the ‘pre-adding’” method. Sucrose as a conventional lyoprotectant (Talsma et al., 1997;
Abdelwahed et al., 2006; Li et al., 2008),PEGas a solubilizer (Meyuhas and Lichtenberg,
1996; Seo and Choi, 2003), and Pluronic (Donini et al., 2002) as a surfactant were selected
as a reconstitution formulations for DPHSM. Adding sucrose did not provide any benefits
over the absence of the lyoprotectant, which may be due to the lack of its solubility capacity
for hydrophobic agents (data not shown). The drug-loaded micelles with the additives had
160-370 nm in size before filtering. After freeze-drying, 5mg of total dried micelle cake was
redispersed by adding 1 ml of the borate buffer.

The reconstituted drug-loaded micelle without any excipient in aqueous solution was phase-
separated and precipitated immediately. However, the dried DPHSM with PEG, P85, and
F127 were redispersed well without phase-separation by hand shaking within 5 s. Recovery
after filtration (0.8um) was relatively high (85-95%), which suggested that the micelle
structure prepared by above methods was maintained during freeze-drying and could be
reconstituted using these excipients. The stability of dispersions of DPHSM with the
excipients was examined by measuring the size of particles as a function of time (Fig. 1).
The size of redispersed micelles with PEG was increased and the stability of dispersion was
less than the fresh micellar dispersion prepared by dialysis. The micellar dispersion
including PEG (both 2000 and 400 Da) after reconstitution was phase-separated at less than
1 hand 1 day, respectively.

In the case of P85 and F127, the micelles’ dispersion showed similar sizes of micelles after
reconstitution when compared to the fresh micelles. However, moderately hydrophobic P85
and a small amount (10 wt%) of hydrophilic F127 led to aggregation of reconstituted
micelles, resulting in increased particle size and phase-separation with time. Interestingly,
the micelle formulation incorporating 33 wt% F127 (DPHSM-F127) was stable without
precipitation for more than a month and the size of micelle remained unchanged for 5 days.
In addition, the size of reconstituted micelle was smallest with the highest (approximately
95%) recovery yield among all tested groups. The results suggest that F127 in a proper
weight ratio may prevent the aggregation of hydrophobic micelles and increase the stability
of micelles by decreasing the interaction between micelles.

3.3. Characterization of the reconstituted micelle formulation

From the above results, the formulation containing 33 wt% F127 was selected as an
optimized formulation for further studies. To compare the reconstituted formulation with
freshly made micelles, pH-sensitive destabilization of the formulation containing 33 wt%
F127 and cytotoxicity against an MDR cancer cell line were evaluated. The pH sensitivity
was evaluated by particle size measurement using the mixed micelles containing F127
without the DOX. The size of reconstituted mixed micelle containing F127 when
redispersed in PBS (pH 8.0), was approximately 165 nm, which was slightly larger than the
freshly made formulation of DPHSM-F127. The size of reconstituted DOX unloading pH-
sensitive micelles with F127 increased as pH was lowered, especially below pH 7.4, which
may be due to micelle destabilization (Lee et al., 2003a,b). Below pH 7.0, the sizes and
polydispersity indices of the mixed micelle with F127 were abruptly increased,
subsequently; the nanoparticle size distribution became bimodal below pH 6.8 (Fig. 2).
These results may be attributed to the dissociation of PLLA-PEG and PHis-PEG from the
mixed micelles with F127 due to the ionization of His component at below pKj, of the PHis-
PEG diblock copolymer (pH 7.0) (Lee et al., 2003b). The contents of F127 in the mixed
micelle can theoretically be estimated from the value of critical micelle concentration
(CMC) of F127. The CMC of F127 at 25 °C is about 1% (w/v) (10mg/ml) (Alexandridis et
al., 1994) Therefore, the F127 proportion in the systems could be changed depending on the
drug concentration. For example, in case of 1mg/ml DOX (10%, w/v content in micelle)
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which is a target concentration for further pre/clinical study, all F127 (0.5%, w/v) might
exist as unimers. If the DOX in DPHSM containing 33 wt% F127 increased to 5Smg/ml,
F127 (2.5%, w/v) may theoretically exist with a component of about 40% unimers and 60%
of mixed micelles containing F127 or F127 micelles. Interestingly, in this condition, the
DPHSM formulation still had pH sensitivity. The change of particle size at different pHs
was similar to the above results (data not shown). This suggests that a certain portion of
F127 micelles may not affect the pH sensitivity of PHSM. Furthermore, F-127 resulted in a
more stable dispersion of DPHSM after reconstitution may be by preventing secondary
aggregation during lyophilization (Oh et al., 2004). The advantage of this formulation was
further supported by MDR cell viability study. The cytotoxicity of DPHSM-F127 was
similar to that of DPHSM without F127 against MDR cancer cells as shown in Fig. 3. Since
the pH-sensitivity of DPHSM-F127 was unaltered, the reversal of MDR by DPHSM-F127
was equivalent to the previous results (Lee et al., 2003a, 2005; Mohajer et al., 2007). In
summary, DPHSM-F127 may be used as an optimized formulation to treat MDR cancers.

3.4. Effect and toxicity of polymers

Concentration-dependent toxic effects of the diblock copolymers in MDR cells were
evaluated by determining the cytotoxicity of DOX. Fig. 4 presents a typical DOX resistance
of MDR cell line, reversal of MDR by verapamil (a reversal agent for MDR), and no effects
of each polymer at concentrations below CMC. Kabanov’s group reported the effect of
unimers of hydrophobic Pluronics (e.g. P85) on MDR reversal (Batrakova et al., 1999, 2001,
2003). They have suggested that Pluronic might inhibit Pgp through ATP depletion, and
inhibition of Pgp ATPase activity. However, PHis-PEG or PLLA-PEG did not influence the
activity of DOX (Fig. 4). This suggests that DPHSM can reverse the MDR by high local
concentration of DOX triggered by endosomal pH after folate receptor mediated
endocytosis.

We reported no cytotoxicity of blank micelles (above CMC) by in vitro cell viability study
(Lee et al., 2003a). In this study, the systemic toxicity of PHis-PEG was briefly tested in
vivo with Balb/C mice. The body weight of mice injected with the polymer did not decrease
and their vital behavior appeared equivalent to the control groups (no treatment receiving
saline only). The polymer showed no apparent toxicity at concentrations up to 2400 mg/kg,
i.v. for 2 weeks (Fig. 5). This dose was achieved by injecting 800mg/kg, which is a
maximum polymer concentration for a single injection, daily for 3 days.

3.5. MTD determination of DPHSM-F127

Dose-finding studies were conducted to establish the MTD for DPHSM given intravenously
in non-tumor-bearing female Balb/c mice. MTD is the highest dose of a chemical that can be
administered without altering the animals’ life span and without causing any severe
detrimental effects to the animals’ health. This data is used to correlate the plasma
concentration—time curve (AUC), providing the basis for subsequent dose escalation in
phase I clinical trials (Collins et al., 1986). Once the MTD is established following the
single dose study, one tenth of the MTD can be selected as an appropriate starting dose in
clinical phase | studies.

To investigate the tolerance of DPHSM-F127 in mice, five mice per group were i.v. injected
at a dose range of 50-100 mg/kg. After dosing, the body weight and toxic death were
monitored (Fig. 6). For each group, the median body weight was obtained over time.
DPHSM-F127at the doses 0f50-75 mg/kg of equivalent DOX to mice weight caused a
median body weight loss of 3.5 + 6% during the first week, and the mice regained the
weight at the end of the second week, but not to the control levels. However, a transient fall
in body weight was observed in 85 mg/kg groups. All mice showed a sharp decrease in the
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body weight on Day 1 and resulted in the death of three mice within 2 days and other two
mice were sacrificed on Day 4 due to the loss of body weight more than 20%. In case of
100mg/kg dose, natural mortality was seen in all mice within 2 days. The sudden death by
the injection was not observed in all mice. This demonstrated that the formulation caused all
mice to die within 1 week in over 85 mg/kg because of toxicity of DOX. From these results
a MTD of 75 mg/kg for DPHSM-F127 was approximated.

The MTD of free DOX was previously determined to be 8-12mg/kg from several
independent studies (Boven et al., 1990, 1992; Yokoyama et al., 1990, 1991; Breistol et al.,
1998; Colbern et al., 1999; Bae et al., 2005). The MTD of DOX formulation with carriers
may deviate from those of free DOX in mice, depending on the carrier effects on
pharmacokinetics, biodistribution, and the drug release rate (Allen and Cullis, 2004). For
example, the MTD of pegylated liposomal DOX (DOXIL) was lower but the potency was
improved (Colbern et al., 1999; Gabizon, 2001; Gabizon et al., 2003). When the drug is
inactive by polymer conjugation or given in a prodrug form, a large increase in the MTD has
been reported, as in the case of N-(2-hydroxypropyl)methyacrylamide (HPMA) copolymer-
DOX (4.5-fold) (Duncan et al., 1998), PEO-bpoly(.-aspartate) conjugated of DOX (NK911)
(20-fold) (YYokoyama et al., 1990, 1991), N-.-leucyl-DOX (threefold) (Bennis et al., 1993;
Breistol et al., 1998, 1999), and glucuronide prodrug DOX (25-fold) (Houba et al., 2001). In
addition, the changes in PK profile of the drug associated with a carrier can increase the
MTD as shown by PEO-b-poly(B-benzyl-.-aspartate) (PBLA) micelle (2.3-fold) (Kwon et
al., 1997; Kataoka et al., 2000) and SP1049 (1.4-fold) (Danson et al., 2004).

In this study, the MTD of DPHSM-F127was 7.5-fold higher when compared to the free
DOX. Interestingly, when compared with other amphiphilic block copolymer micellar
formulations, the toxicity by DOX in the formulation significantly decreased. This may be
linked to the feature of controlled release of DOX from DPHSM-F127 as a function of pH.

4. Conclusion

In this study, we developed a lyophilized pH-sensitive micelle formulation for DOX which
is constituted of PHis-PEG and PLLA-PEG-folate with an excipient, F127 and is readily
injectable upon adding a buffer solution and mild agitation. The reconstituted solution
showed high stability and high concentrations of DOX for further pre/clinical study and was
able to provide the same properties of pH sensitivity and cytotoxicity in MDR tumor cell
similar to the freshly made micelle formulation. The brief toxicity study with MTD
determination presented minimal systemic toxicity of the formulation. The MTD
approximated in this study was 75mg/kg. These physicochemical and safety properties
support the study of the formulation on pre/clinical evaluation.
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Fig. 1.

Particle size of pH-sensitive micelles with excipients: 50 wt% PEG (2k) (¢), 50 wt% PEG
(400) (m), 10 wt% P85 (A), 10 wt% F127 (x), 33 wt% F127 (o), 50 wt% F127 (o); as a
function of time. The 0 nm of particle size (arrows) indicates the precipitation of particle
observed visually.
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Fig. 2.

Particle size of pH-sensitive micelles with F127 at various pHs. From pH 8.0 to 7.0
unimodal particle distribution and below pH 7.0, bimodal particle distributions were
observed, respectively.
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FreoDOX  Mbed  DPHSM-  DOX+F1Zi
micelle Fr27
Formulat

Cell viability of free DOX, fresh DPHSM, DPHSM-F127, and mixture of free DOX/F127
against A2780/DOX cells at pH 7.4. The equivalent DOX in each formulation is 10 pg/ml.
(Assessment by MTT assay; meanS.D., n = 5).
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Fig. 4.

Effect of polymers with concentrations below CMC on cell viability of MDR cell line
(A2789/DOX) incubated with 10 pg/ml free DOX after 24 h (n = 5). Ctrl and Ver indicate
control and 0.3 mM verapamil without polymers, respectively.
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Body weight (%)

Fig. 5.

Effect of PHis-PEG on body weight of BALB/c mice (n = 5). Mice were injected i.v. with
saline (m), 400mg/kg (A ), 800mg/kg (%), 1600 mg/kg (%), and 2400 mg/kg (¢) compared
with mice with no treatment (¢).
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Fig. 6.

Effect of DPHSM-F127 on (a) body weight and (b) survival of mice (n = 5): no treatment
(®), saline (m), 50 mg/kg (A), 75 mg/kg (o), 85 mg/kg (%), and 100mg/kg (o). The body
weight in case of 85 and 100 mg/kg indicates only average weight of survival mice and 0%
represents the death of all mice.
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