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Targeted delivery and controlled release of inactive platinum (Pt)
prodrugs may offer a new approach to improve the efficacy and
tolerability of the Pt family of drugs, which are used to treat
50% of all cancers today. Using prostate cancer (PCa) as a model
disease, we previously described the engineering of aptamer (Apt)-
targeted poly(D,L-lactic-co-glycolic acid)-b-poly(ethylene glycol)
(PLGA-b-PEG) nanoparticles (NPs) encapsulating a Pt(IV) prodrug
c,t,c[Pt(NH3)2-(O2CCH2CH2CH2CH2CH3)2Cl2] (1) (Pt-PLGA-b-PEG-Apt-
NP), which target the extracellular domain of the prostate specific
membrane antigen (PSMA), for enhanced in vitro cytotoxicity.
Here we demonstrate enhanced in vivo pharmacokinetics (PK), bio-
distribution, tolerability, and efficacy of Pt-PLGA-b-PEG-Apt-NP
(150±15 nm encapsulating ∼5% wt/wt Pt(IV) prodrug) when com-
pared to cisplatin administered in its conventional form in normal
Sprague Dawley rats, Swiss Albino mice, and the PSMA-expressing
LNCaP subcutaneous xenograft mouse model of PCa, respectively.
The 10-d maximum tolerated dose following a single i.v. injection
of Pt-PLGA-b-PEG-NP in rats and mice was determined at 40 mg/kg
and 5 mg/kg, respectively. PK studies with Pt-PLGA-b-PEG-NP re-
vealed prolonged Pt persistence in systemic blood circulation and
decreased accumulation of Pt in the kidneys, a major target site
of cisplatin toxicity. Pt-PLGA-b-PEG-Apt-NPs further displayed the
significant dose-sparing characteristics of the drug,with equivalent
antitumor efficacy in LNCaP xenografts at 1/3 the dose of cisplatin
administered in its conventional form (0.3 mg/kg vs. 1 mg/kg).
When considering the simultaneous improvement in tolerability
and efficacy, the Pt-PLGA-b-PEG-Apt NP provides a remarkable
improvement in the drug therapeutic index.
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Chemotherapy is standard treatment of most disseminated
cancers, but dose-limiting toxicities and the emergence of

cancer cells resistant to chemotherapeutic drugs often reduce
the clinical benefit (1). Cisplatin is one of the most effective
chemotherapeutic agents against many forms of cancer including
testicular, bladder, head and neck, ovarian, breast, lung, prostate,
and refractory non-Hodgkin’s lymphomas (2, 3). Indeed, cisplatin
is used to treat 50% of all cancers (4), and it exerts its antitumor
effects by disrupting DNA structure in cell nuclei through the
formation of intrastrand and interstrand cross-links (5). Despite
the ubiquitous use of cisplatin in oncology, this drug is associated
with significant dose-limiting toxicities including nephrotoxicity
and neurotoxicity. There is correspondingly a clear incentive to
develop new strategies for safer and more effective cisplatin her-
apy. Our previous work demonstrated the benefits of aptamer-
targeted polymeric nanoparticles (NPs) to deliver drugs when
compared to equivalent nontargeted nanoparticles, or to drugs
given in their conventional dosage form, by (i) delivering a higher
total fraction of drugs to tumors; (ii) enhancing intracellular drug
delivery through receptor mediated endocytosis; (iii) enhancing
anticancer efficacy in vitro and in vivo (6–8). More recently we
described a platinum (Pt) (IV) prodrug, which, when delivered

via targeted polymeric NPs, resulted in enhanced cytotoxicity
in cell culture (9). This construct was successfully directed to
prostate cancer (PCa) cells in vitro by targeting the prostate
specific membrane antigen (PSMA) on androgen-sensitive
LNCaP human prostate adenocarcinoma cells (9–14). Controlled
release NPs derived from polyðD;L-lactic-co-glycolic acidÞ-b-poly
ðethylene glycolÞ (PLGA-b-PEG) have a significantly prolonged
circulation half-life when compared to similar particles lacking
PEG (15, 16). The hydrophobic Pt(IV) prodrug c;t;c − ½PtðNH3Þ2
ðO2CCH2CH2CH2CH2CH3Þ2Cl2$ (1, Scheme 1), which releases
the more hydrophilic cisplatin after reduction of the Pt(IV) in
the cells (17–20), also facilitated encapsulation of the compound
in the hydrophobic core of PLGA-b-PEG NPs. Surface functio-
nalization of the PLGA-b-PEG NPs with the A10 PSMA aptamer
(Apt) (7) allowed us to successfully target prostate cancer using
Pt-PLGA-b-PEG-Apt-NPs with superior efficacy compared to
cisplatin administered in its conventional form (9, 20).

Here we report that targeted delivery of cisplatin in the form of
a prodrug 1 using a NP delivery system can markedly improve its
tolerability and efficacy in vivo. Our studies have broad implica-
tions for cancer therapy given the relatively ubiquitous use of
cisplatin in oncology, and they suggest that similar strategies be
undertaken to combine prodrugs with targeted delivery to syner-
gistically improve safety and efficacy.

Results and Discussion
Development of Pt-PLGA-b-PEG-Apt-NPs. Pt-encapsulated NPs
Pt-PLGA-b-PEG-NPs were prepared by nanoprecipitation as
previously reported (9). The NP size distribution was determined
by dynamic light scattering. Platinum loading was determined by
flameless atomic absorption spectroscopy (AAS). The average
size of the NPs was 150% 15 nm and the average loading effi-
ciency was ∼5%. Surface functionalization of the Pt-PLGA-b-
PEG NPs with the A10 PSMA Apt was achieved under standard
amide coupling conditions in the presence of 1-ethyl-3-[3-di-
methylaminopropyl]carbodiimide hydrochloride (EDC) and
NHS (6, 7, 17).
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In Vivo Toxicity.We examined the maximum tolerated dose (MTD)
of various doses of cisplatin, the Pt(IV) prodrug, Pt-PLGA-b-
PEG-NPs, or PLGA-b-PEG-NPs after a single i.v. injection into
male Sprague Dawley Rats. The MTD was estimated based on
the threshold at which all animals survived (Fig. 1A). Dosing and
survival details are summarized in Table 1. All rats treated with
control NPs tolerated these doses. In the Pt-PLGA-b-PEG-NP
group, rats receiving doses up to 40 mg∕kg tolerated the dose,
but two of three, respectively, in the 50- and 60-mg∕kg groups
died. Only a dose of 20 mg∕kg of cisplatin or the Pt(IV)-prodrug
was tolerated by the rats. To further define the MTD, the overall
toxicity as revealed by body weights was monitored over 10 d
(Fig. 2). For cisplatin, only rats receiving a dose of 20 mg∕kg
had significant weight loss, whereas those receiving lower doses
did not. For Pt-PLGA-b-PEG-NP and PLGA-b-PEG-NP, rats
receiving all the different doses showed normal weight gain.
For all rats receiving the Pt(IV)-prodrug up to 20 mg∕kg, there
was no weight loss. We therefore conclude that the MTD for
Pt-PLGA-b-PEG-NP is 40 mg∕kg and that of cisplatin and
Pt(IV)-prodrug is 20 mg∕kg.

The tolerance of Swiss Albino mice to different doses of
Pt(IV)-prodrug-loaded PLGA-b-PEG-NPs was also investigated
(Fig. 1B). Five groups (n ¼ 3) of mice were given a single intra-
venous injection of Pt-PLGA-b-PEG-NP with Pt contents of
1 mg∕kg, 3 mg∕kg, 5 mg∕kg, and 10 mg∕kg. For three dose levels
tested (1, 3, and 5 mg∕kg based on Pt), all mice showed normal

weight gain during a period of 11 d. A small reduction in weight
was observed only in the group of mice treated with a 10 mg∕kg
dose of Pt-loaded NPs. Control mice treated with 200 mg∕kg of
control PLGA-b-PEG-NP did not show any significant weight
change. During the observation period, no deterioration in health
was observed in mice treated with 5 mg∕kg Pt-loaded or control
NPs, and the overall behavior was no different compared to that
observed for untreated animals. The MTD of Pt-PLGA-b-PEG-
NP in mice is >5 mg∕kg vs. the previously reported MTD of
cisplatin in mice, 4 mg∕kg (21). Although cisplatin is one of the
most effective anticancer drugs in use today, it conveys consider-
able toxicity to patients (4). Our data suggest that targeted
PLGA-b-PEG-NPs may have fewer side effects as compared to
cisplatin in its conventional dosage form. Based on survival
(Fig. 1) and the body weight measurements in mice and rats
during treatment (Fig. 2), the Pt(IV)-prodrug-loaded NPs ap-
peared to be better tolerated than cisplatin in its conventional
dosage form.

Alterations of clinical chemistry parameters in rats after
treatment with Pt-PLGA-b-PEG-NPs, 1, and cisplatin are shown
in Fig. 3 and Table S1. Administration of Pt-loaded NPs did not
affect the blood urea nitrogen (BUN) and creatinine levels by
comparison to the groups treated with saline (0 mg∕kg) (Fig. 3).
For cisplatin-treated groups, changes in the clinical chemistry
parameters indicated renal toxicity. The level of BUN and crea-
tinine was increased for groups treated with cisplatin at a dose of
20 mg∕kg. It is very interesting to note that the renal toxicity after
treatment with high doses of Pt-PLGA-b-PEG-NPs is less than
that of cisplatin in its conventional dosage form. No significant
differences were observed between the groups treated with the
prodrug 1 and Pt-loaded NPs. These observations indicate that

Fig. 1. Survival rate of (A) Sprague Dawley rats treatedwith cisplatin, Pt-PLGA-b-PEG-NPs, and 1 and (B) Swiss Albinomice treated with Pt-PLGA-b-PEG-NPs, and 1.

Table 1. Dosing information for MTD studies in rats

Dose, mg∕kg No. of rats Death

Pt-PLGA-b-PEG-NP

5 3 0
10 3 0
20 3 0
40 3 0
50 3 2
60 3 2
Pt(IV) prodrug, 1

5 3 0
10 3 0
20 3 0
40 3 2
PLGA-b-PEG-NP

100 3 0
200 3 0
400 3 0
800 3 0
1,000 3 0

Scheme 1. Schematic representation of the Pt-PLGA-b-PEG-Apt-NP con-
struct. Chemical structure of the Pt(IV) prodrug 1 and intracellular reduction
for the release of active cisplatin in PSMA expressing human prostate cancer
LNCaP cells after receptor mediated endocytosis of Pt-PLGA-b-PEG-Apt-NP.
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the Pt-PLGA-b-PEG-NP treatment is able to mitigate the neph-
rotoxicity that is attributed to cisplatin. The treatment of rats
with cisplatin at a dose of 40 mg∕kg shows an increased level

of aspartate aminotransferase (AST) indicating the appearances
of hepatotoxicity (Fig. 3). There was no effect on the total pro-
tein, albumin, and globulin after treatment with cisplatin in its
conventional dosage form, 1, or Pt-loaded NPs. These results re-
veal significant differential toxicity profiles for Pt-PLGA-b-PEG-
NPs and cisplatin as well as the beneficial effects of polymeric
NPs in reducing its commonly encountered toxicities.

Biodistribution and Excretion In Vivo. The comparative distribution
and excretion of Pt-PLGA-b-PEG-NPs and the Pt(IV) prodrug 1
were investigated in male Sprague Dawley rats following intrave-
nous administration of the maximally tolerated doses of the
compounds. The variation of Pt levels in blood with time after
intravenous administration of PLGA-b-PEG-NPs loaded with 1
and free 1 is shown in Fig. 4. Most small molecule anticancer
drugs currently in clinical use, including cisplatin, doxorubicin,
and paclitaxel, are inherently associated with lack of tumor selec-
tivity and short blood circulation time, which causes various toxic
side effects (22). In particular, cisplatin has an unfavorable phar-
macokinetic (PK) profile, and all Pt-based anticancer drugs with a
low molecular weight have a short half-life in the blood circula-
tory system (22, 23). The encapsulation of cisplatin in the form of
a prodrug resulted in a significant prolongation of Pt presence in
blood. Thus, Pt remaining in systemic circulation 1 h postadmi-
nistration was 77% in the case of the Pt-PLGA-b-PEG-NPs and
15.6% in the case of free 1, whereas the literature value for cis-
platin is only 1.5% (23). The rate of Pt removal from blood was
lower in the case of our system compared to a previously reported
cisplatin-loaded PLGA-mPEG nanoparticle (23). Our studies
also showed that most of the Pt in the blood is plasma bound
(Fig. 4), a favorable indication for Pt being available to reach
the target tumor sites. Prolonged drug residence in blood follow-
ing intravenous administration of Pt prodrug-loaded NPs is a

Fig. 2. Body weight variations observed for 10 d after intravenous
administration of cisplatin, Pt-PLGA-b-PEG-NPs, and Pt(IV) prodrug 1 in male
Sprague Dawley rats.

Fig. 3. Alterations of creatinine, BUN, and AST in rats after treatment with
Pt-PLGA-b-PEG-NPs, 1, or cisplatin.

Fig. 4. Variation of percentage Pt dose in blood (A) and plasma (B) with
time following the administration of Pt-PLGA-b-PEG-NPs and Pt prodrug 1
intravenously to rat.
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prerequisite for the application of the PLGA-b-PEG-NPs in con-
trolled intravenous delivery of cisplatin in the form of a prodrug
for prostate cancer treatment. Individual PK parameters for
Pt-PLGA-b-PEG-NPs and 1 are presented in Table 2. The mean
area under curve (AUC) for total Pt in the blood is about 26%
of that seen in plasma (Table 2), suggesting that Pt does not
distribute extensively in red blood cells. The mean time to max-
imum serum concentration (Tmax) was 0.5 h for both Pt-PLGA-b-
PEG-NPs and 1.

The comparative tissue distributions of Pt-PLGA-b-PEG NPs
and 1 are shown in Fig. 5. After a single intravenous dose of
Pt-PLGA-b-PEG-NPs, both the liver and spleen showed the high-
est Pt concentration at 24 h (Fig. 5). Statistical analyses of these
data were performed using one-way ANOVAwith Tukey post hoc
test, P < 0.05 (compared with control). In the kidney, the primary
target organ of cisplatin toxicity, Pt-PLGA-b-PEG-NPs showed
lower Pt levels than the free prodrug 1. The lower Pt level in
the kidney indicated that our system will have reduced nephro-
toxicity compared to that of cisplatin. The Pt(IV)-prodrug, 1,
showed a very similar distribution pattern to that typically exhib-
ited by Pt compounds including cisplatin, the maximum concen-
tration of Pt occurring in the kidney and liver. Because most of
the Pt compound is retained in the nanoparticle core, the total
amount of Pt measured in the Pt-PLGA-b-PEG-NP treated group
is not equivalent to that of 1 that can react with biological sub-
stances with a pharmacological or toxicological efficacy. Prodrug
encapsulated in NPs was released gradually with time, and tissues

were continuously exposed to a low-dose drug environment. This
effect could avoid high peak levels of cisplatin that might produce
a severe toxicological effect.

We also determined the Pt content in the urine and feces after
24 h of cumulative excretion by atomic absorption spectroscopy.
Excretion of Pt-PLGA-b-PEG-NPs was much lower than that of
the prodrug 1. The 24-h cumulative Pt excretion after Pt-PLGA-
b-PEG-NPs is about 17 times less than after cisplatin treatment
(2.9% 1.6 vs. 50.3% 3.7%) (21). This difference is due to the char-
acteristics of Pt compounds, which can bind to protein or other
tissue compositions firmly through covalent bonds. These results
indicate that polymeric NPs are desirable delivery vehicles for
Pt drugs.

In Vivo Efficacy and Tolerability Using a LNCaP Subcutaneous Xeno-
graft Mouse Model of PCa. We next studied the efficacy of our
Apt-targeted Pt-encapsulated NPs (Pt-PLGA-b-PEG-Apt-NP)
using a xenograft model of prostate cancer developed by injection
of LNCaP cells in the flank of BALB/c nude mice. After tumors
had grown to ∼100 mm3, we began comparative efficacy studies
by dividing animals into five groups in such a manner as to mini-
mize weight and tumor size differences among the groups. Using
the MTD of 5 mg∕kg for intravenous administration of our con-
struct in Swiss albino mice as a reference point, the following regi-
mens were administered by intravenous injections twice weekly
for four weeks: (i) saline, (ii) cisplatin (1 mg∕kg), (iii) PLGA-b-
PEG-Apt-NP (20 mg∕kg), and (iv) Pt-PLGA-b-PEG-Apt-NP
(0.3 mg∕kg). The tumor size and body weight were then moni-
tored for 4 weeks. We have previously reported the preferential
binding, uptake, and tumor accumulation of PSMA Apt-targeted
NPs when compared to equivalent nontargeted NPs in LNCaP
monolayers and LNCaP subcutaneous xenograft mouse model
of PCa (6, 8); thus nontargeted NPs were not included in our
efficacy study. We aimed to determine whether delivery of a
Pt(IV) prodrug with Apt-targeted NPs will result in enhanced
antitumor efficacy in vivo when compared to free cisplatin given
in its conventional dosage form. The results showed that admin-
istration of the Pt-PLGA-b-PEG-Apt-NP at 0.3 mg∕kg was
more efficacious than control PLGA-b-PEG-Apt-NP at 20 mg∕kg
and free cisplatin at 1 mg∕kg over the first 14 d. At day 12, the
average tumor volume of 80.99% 22.22 mm3 for the cisplatin
group was significantly larger than the average tumor volume of
42.43% 31.27 mm3 for the Pt-PLGA-b-PEG-Apt-NP group;
P < 0.05. By day 28, the Pt-PLGA-b-PEG-Apt-NP at 0.3 mg∕kg
was equally efficacious to cisplatin at 1 mg∕kg (Fig. 6A). The
absolute weight loss difference in the cisplatin and Pt-PLGA-b-
PEG-Apt-NP groups was modest at the doses studied in mice
(Fig. 6B). Importantly, a previous report failed to show any im-
provement in the efficacy of cisplatin encapsulated PLGA-PEG
NPs for prostate cancer (24). The present technology differs in
two distinct ways, which in combination may explain our observed
improvement in drug therapeutic index. Foremost, we delivered
cisplatin in the form of a Pt(IV) prodrug, thereby enhancing
its tolerability, which translated into an ability to deliver a larger
amount of Pt. In addition, we employed a targeted polymeric

Table 2. Pharmacokinetic parameters for Pt-PLGA-b-PEG-NPs and 1

Test article AUC0–24 h, h·ng∕mL Cmax, ng∕mL Tmax, h CL, mL∕h Vd, mL∕kg

Pharmacokinetic parameters in plasma

Pt-PLGA-b-PEG-NPs 48,915.08 6,477.0 0.5 3.6 43.2
1 14,742.37 1,181.4 0.5 6.6 210.9
Pharmacokinetic parameters in blood

Pt-PLGA-b-PEG-NPs 12,735.77 3,128.3 0.5 16.74 81.87
1 3,851.55 646.7 0.5 37.9 678.7

AUC, area under curve; Cmax, maximum concentration observed; Tmax, time at maximum concentration; CL, clearance; Vd, volume of
distribution.

Fig. 5. Tissue distribution of (A) Pt-PLGA-b-PEG-NPs, and (B) free Pt(IV)
prodrug 1 in male rats. Statistical analyses were performed using one-way
ANOVA with Tukey post hoc test, p < 0.05 (compared with control).
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delivery vehicle, which we and others have shown to improve drug
efficacy (6, 7, 25–29). There is significant potential in the applica-
tion of targeted delivery of Pt prodrugs for cancer therapy.

Summary
In the present investigation, the hydrophobic Pt(IV) compound 1
was used as a prodrug for delivery of cisplatin to prostate cancer
using PSMA-targeted PLGA-b-PEG-NPs. The PLGA-b-PEG-Pt
(IV) prodrug NPs increased the drug MTD when compared to
that of cisplatin administered in its conventional dosage form
in both rat and mouse models. We observed prolonged drug
residence in blood when our Pt-PLGA-b-PEG NPs were adminis-
tered to rats by i.v. injection compared to free prodrug and cis-
platin administered in its conventional dosage form. Our findings
using a LNCaP xenograft mouse model of PCa suggest that our
system is more efficacious in reducing prostate tumors at a sig-
nificantly lower dose of platinum. This study thus demonstrates
an efficient, nontoxic system for the use of Pt-based chemo-
therapy with significant potential for treating human prostatic
carcinoma in vivo and forms a basis for further development of
Pt-NP-based systems for evaluation of the most effective candi-
dates for human prostate cancer chemotherapy.

Materials and Methods
Cisplatin was purchased from Strem Chemicals, Inc. The platinum(IV) pro-
drug, c;t;c-½PtðNH3Þ2ðO2CCH2CH2CH2CH2CH3Þ2Cl2$ (9) was synthesized as
previously described. Pt(IV)-encapsulated NPs were prepared by using the
nanoprecipitation method. NHS, EDC, and hexanoic anhydride were pur-
chased from Aldrich. PLGAwith acid end groups was purchased from Adsorb-
able Polymers International. A PEG polymer of molecular weight 3,400
with a terminal amine and carboxylic group (NH2-PEG-COOH) was custom
synthesized (Nektar Therapeutics). The RNA aptamer with the sequence
50-NH2-spacer GGGAGGACGAUGCGGAUCAGCCAUGUUUACGUCACUCCUU-
GUCAAUCCUCAUCGGCiT-3′ containing 2′-fluoro pyrimidines, a 3′-inverted
T cap, and a 5′-amino group attached by a hexaethyleneglycol spacer was
custom synthesized by RNA-TEC. AAS measurements were taken on a Perki-
nElmer AAnalyst 600 spectrometer. The NP size was obtained by quasielectric
laser light scattering by using a ZetaPALS dynamic light-scattering detector
(15 mW laser, incident beam ¼ 676 nm, Brookhaven Instruments).

Animals. All animals were obtained from Charles River Laboratory. The ani-
mals were allowed free access to sterile food pellets and water. All in vivo
studies were performed in accordance with National Institutes of Health
Animal Care guidelines.

Tumor Cells. Androgen-sensitive human prostate adenocarcinoma LNCaP
cells were obtained from American Type Culture Collection. Cells were
cultured in RPMI medium 1640 (Invitrogen) with 10% fetal bovine serum,
2 mM glutamine, 50 units∕mL penicillin, and 50 μg∕mL streptomycin. Cells
were routinely passed by treatment with trypsin (0.05%)/EDTA.

Evaluation of maximum tolerated dose. Male Sprague Dawley rats and Swiss
Albino mice were used to evaluate the MTD of Pt-PLGA-b-PEG-NPs and 1.
All groups (n ¼ 3) received a single dose by intravenous injection. Four
groups of rats received either cisplatin or 1 at a dose of 5, 10, 20, or
40 mg∕kg. Six groups of rats received Pt(IV)-loaded NPs, Pt-PLGA-b-PEG-
NPs with a Pt content of 5, 10, 20, 40, 50, and 60 mg∕kg. The control groups
received saline or 100, 200, 400, 800, and 1;000 mg∕kg of empty NPs. The
injection volume was 2 mL in all cases. The weight and physical states of
all the rats were monitored for a period of 10 d. For the MTD studies in Swiss
Albino mice, five groups (n ¼ 3) of mice were given a single intravenous
injection of Pt-PLGA-b-PEG-NP with a Pt content of 1, 3, 5, 10, or 20 mg∕kg.
Control mice were treated with saline and 20, 60, 100, and 200 mg∕kg of
PLGA-b-PEG-NP.

Biodistribution and excretion study. The blood persistence properties of
Pt-PLGA-b-PEG-NPs and 1 were determined using male Sprague Dawley rats
weighing ∼300 g. The animals, three per group, were injected in the tail
vein with 2 mL of Pt-PLGA-b-PEG-NPs (40 mg∕kg), 1 (20 mg∕kg), or saline. At
predetermined time intervals, blood samples were collected in preweighed
heparinized tubes and centrifuged to get the plasma. The percentage of
Pt was calculated by taking into consideration that blood constitutes 7%
of body weight (30) and plasma constitutes 55% of blood volume. The Pt
content in blood and plasma were determined by AAS.

Collective urine samples were accumulated over 24 h and stored frozen
until directly analyzed by flameless AAS. Tissue samples, however, required
prior digestion in concentrated nitric acid. Gentle heating was required to
complete the digestion. Following evaporation to near dryness, the digests
were taken up in 1 N HCl (2 mL) and again heated to near dryness to remove
excess nitric acid. After repeating this last stage with 0.1 N HCl (2 mL), the
digests were dissolved in 1mL of 0.1 N HCl for Pt analysis. Themethod permits
estimation of total Pt metal in tissue samples, and no attempt was made to
identify the chemical nature of Pt species present. WinNonlin v5.2.1 NCA
model 201, IV bolus software was used to calculate the pharmacokinetic
parameters.

In vivo anticancer efficacy evaluation. Nude BALB/c mice (6–8 wk old, male,
20 to 30 g body weight) were purchased from the Charles River Laboratory
and maintained under pathogen-free conditions. The animal use protocol
was approved by the Institutional Animal Care and Use (MIT and BWH)
Committees on animal care. The mouse LNCaP xenograft tumor model
was developed by injecting 1 × 106 cells of a 0.1 mL LNCaP cell suspension
into the right flank of a BALB/c mouse using 50% matrigel. Tumor nodules
were allowed to grow to a volume ∼100 mm3 before initiating treatment.
Tumor-bearing BALB/c mice were randomly assigned to four groups. Tumor
length and width were measured with calipers, and the tumor volume was
calculated using the following equation:

Fig. 6. (A) Effect of cisplatin (1 mg∕kg), Pt-PLGA-b-PEG-Apt-NP (0.3 mg∕kg),
PLGA-b-PEG-Apt-NP (20 mg∕kg), and saline on the growth of LNCaP
tumors inoculated in nude BALB/c mice. Each formulation was administered
biweekly by intravenous injection for 30 d. Mean values and standard errors
of the mean are presented. Asterisk on day 12 represents significant
differences between cisplatin- and Pt-PLGA-b-PEG-Apt-NP-treated tumors
according to one-way ANOVA with Tukey post hoc test, p < 0.05. (B) Body
weight changes with time of LNCaP tumor-bearing mice treated with
cisplatin (1 mg∕kg), Pt-PLGA-b-PEG-Apt-NP (0.3 mg∕kg), PLGA-b-PEG-Apt-
NP (20 mg∕kg), and saline. Bars indicate standard deviations.
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tumor volumeðV Þ ¼ length × width × width∕2.

Prior to treatment, all the mice were numbered using ear tags, and their
weight and the initial tumor volume were measured and recorded. Test
animals received two intravenous injections weekly at intervals of 3 or 4 d of
(i) saline (n ¼ 5), (ii) cisplatin (1 mg∕kg) (n ¼ 10), (iii) PLGA-b-PEG-Apt-NP
(20 mg∕kg) (n ¼ 5), and (iv) Pt-PLGA-b-PEG-Apt-NP (0.3 mg∕kg) (n ¼ 10)
formulation for four weeks, where n is the number of mice in each group.
The injection volume was 200 μL. The weight and tumor volume of each
mouse were measured twice weekly over a period of 30 d.

Statistics All data were expressed as mean% SD. Differences between
groups were assessed by the one-way ANOVA. P < 0.05 was considered as
the statistical significance level.
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