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Background: Many novel drug delivery systems have been extensively studied to exploit the 

full therapeutic potential of SN38, which is one of the most potent antitumor analogs of camp-

tothecins (CPTs), whose clinical application is seriously hindered by poor water solubility, low 

plasmatic stability, and severe toxicity, but results are always unsatisfactory.

Methods: In this study, combining the advantages of prodrug and nanotechnology, a lipophilic 

prodrug of SN38, SN38-PA, was developed by conjugating palmitic acid to SN38 via ester 

bond at C
10

 position, and then the lipophilic prodrug was encapsulated into a long-circulating 

liposomal carrier by film dispersion method.

Results: The SN38-PA liposomes were characterized as follows: an average particle size 

of 80.13 nm, an average zeta potential of -33.53 mv, and the entrapment efficiency of 99%. 

Compared with CPT-11, SN38-PA liposome was more stable in close lactone form, more efficient 

in conversion rate to SN38, and more potent in cytotoxicity against tumor cells. Pharmacokinetic 

study showed that SN38-PA liposome had significantly enhanced plasma half-life (t
1/2

) value of 

SN38 and increased area under the curve (AUC) of SN38, which was 7.5-fold higher than that 

of CPT-11. Biodistribution study showed that SN38-PA liposome had more active metabolite 

SN38 in each tissue. Finally, the pharmacodynamic study showed that SN38-PA liposome had 

higher antitumor effect with the antitumor inhibition rate of 1.61 times than that of CPT-11.

Conclusion: These encouraging data merit further investigation on this novel SN38-PA liposome.

Keywords: SN38, lipophilic prodrug, long-circulating liposome, pharmacokinetics, biodistri-

bution, pharmacodynamics, CPT-11

Introduction
Camptothecin (CPT) is a naturally occurring alkaloid with potent antineoplastic activity 

against a broad spectrum of solid tumors (eg, primary and metastatic colon carcinoma, 

small cell lung carcinoma, and ovarian, breast, pancreatic, and stomach cancers), 

which inhibits DNA topoisomerase I.1 SN38 (7-ethyl-10-hydroxyl camptothecin) is a 

semisynthetic analog of CPT in which the hydroxyl group at the C
10

 position and the 

ethyl group at the C
7
 position help to stabilize SN38 in physiological environments. 

SN38 shows enhanced anticancer potency, making it one of the most potent CPT 

analogs and attracting more and more scientific attention.2

However, the clinical application of SN38 is hindered by chemical and pharmaco-

logical challenges.3 SN38 is insoluble in water (11–38 µg/mL) as well as in most of 

the pharmaceutically acceptable solvents and oils, thus limiting its formulation as a 

solution.2 Moreover, as with CPTs, the closed lactone ring of SN38, which is essential 

for anticancer activity, shows reversible pH-dependent hydrolysis. In physiological 

environment at pH 7.4, the lactone ring of SN38 shows instability and favors the open 

lactone form, with the carboxylate form of SN38 showing no therapeutic effect.4 The 
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poor solubility of SN38 and the instability of the active drug 

molecule at physiological pH (pH 7.4) are major hurdles in 

achieving effective therapy with SN38.5

The Food and Drug Administration (FDA)-approved 

water-soluble prodrug of SN38 is irinotecan, or CPT-11, which 

is converted to the more active metabolite SN38 after adminis-

tration in vivo and is 100–1,000 times less potent than SN38.6 

However, the in vivo conversion rate of CPT-11 to SN38 is 

very low (,8% of injected dose of CPT-11) and highly vari-

able between patients, and the administration of higher doses of 

CPT-11 is infeasible because of severe dose-limiting toxicity.7 

There is therefore an urgent need to develop efficient ways of 

using SN38 in tumor therapy. To exploit the full therapeutic 

potential of SN38, a number of drug delivery systems, eg, 

PEGylation (PEG, polyethylene glycol), polymer micelle, 

liposome formulation, and dendrimers, have been investigated 

extensively to improve the water solubility and bioavailability 

of SN38.6,8–12 Unfortunately, some inherent drawbacks are 

associated with these drug delivery systems, such as low drug 

loading, high toxicity, and difficult preparation.13

As recommended by experts, the challenges in SN38 

drug delivery may be overcome by two approaches: ensur-

ing multiple layers of protection against degradation and 

slow but sustained release of the therapeutically effective 

drug.14,15 In our design, we combined the advantages of pro-

drug with nanotechnology and obtained a long-circulating 

liposomal drug delivery system, in which a lipophilic pro-

drug of SN38, 7-ethyl-10-hydroxycamptothecin-10-palmitic 

acid ester (named SN38-PA), was incorporated. Liposomes 

are well-studied biocompatible carriers that play a key 

role in nanotechnology-based drug delivery. Several lipo-

somal drug formulations have been approved in the past 

20 years.16,17 Liposomes protect the encapsulated drugs 

from structural transformation or chemical degradation by 

isolating them from the surrounding environment and can 

provide targeted therapy to tumor cells.18 It is difficult to 

formulate the SN38 liposome with high encapsulation effi-

ciency (EE) because of the poor solubility of SN38 and its 

low affinity to the lipid membrane. The lipophilic prodrug 

has the benefits of improving drug loading in lipid-based 

formulations, stabilizing the lactone form and protecting it 

from hydrolysis, and improving the permeability of the par-

ent drug through cell membranes.4 In addition, loading the 

lipophilic prodrug in a lipid-based carrier system can lead 

to slow and sustained release of the drug, thus reducing its 

high toxicity. Through preliminary experiments, palmitic 

acid was selected as the appropriate fatty acid to conjugate 

SN38 at the C
10

 position via an ester bond, as the generated 

prodrug SN38-PA has an appropriate partition coefficient 

(log P) of 7.92, making it easy to incorporate into liposomes 

with high EE of approximately 99.3% and drug loading of 

approximately 3 mg/mL. The lipophilic prodrug SN38-PA 

was then entrapped in PEGylated long-circulating lipo-

somes, which not only protect the lactone form of SN-38 but 

also prolong its circulating time to achieve passive target-

ing of tumors through enhanced permeability and retention 

(EPR) effects. To compare the hydrophilic prodrug CPT-11, 

a series of in vitro and in vivo studies were conducted to 

evaluate SN38-PA liposomes, including conversion rate 

to parent drug, antitumor cytotoxicity, stability of lactone 

form, pharmacokinetics, biodistribution, and antitumor 

efficacy in xenograft animals. Our data demonstrated that 

the SN38-PA liposome showed improved stability with 

high drug loading, high conversion rate, excellent antitumor 

activity, and tumor targeting, thus showing promise as a 

potent anticancer drug.

Materials and methods
Materials
SN38 and 10-hydroxy CPT were purchased from Chenguang 

Pharma Ltd. (Chengdu, China). CPT-11 was purchased from 

Hengrui Pharma Ltd. (Jiangsu, China). Egg yolk phospholipids 

(PC-98T), synthetic phospholipids (DSPE-PEG2000), and 

cholesterol were purchased from Advanced Vehicle Technol-

ogy Pharma Ltd. (Shanghai, China). Stearoyl chloride, dichlo-

romethane, and N,N-diisopropylethylamine were supplied by 

Sinopharm Chemical Reagent Ltd. (Shanghai, China). DMEM 

and 10% FBS were obtained from Gibco Laboratories (New 

York, NY, USA). Cell Counting Kit-8 (CCK-8) was obtained 

from Dojindo Laboratories (Kumamoto, Japan). Chromatog-

raphy grade water, methanol, and formic acid were supplied 

by EMD Millipore Corporation (Billerica, MA, USA). All 

other reagents were of analytical grade.

Mouse ascites tumor S180 cells, mouse Lewis lung 

cancer (LLC) cells, human breast cancer MCF-7 cells, and 

human colon cancer HCT-116 cells were obtained from the 

Chinese Academy of Sciences Shanghai Institute of Cell 

Bank (Shanghai, China). Institute of Cancer Research mice 

and Sprague Dawley rats were purchased from Shanghai 

SLAC Laboratory Animal Co., Ltd. (Shanghai, China) 

and maintained under standard conditions. All animal 

experiments were performed in accordance with guidelines 

approved by the ethics committee of the Second Military 

Medical University and were conducted in compliance with 

the National Institute of Health Guide for the Care and Use 

of Laboratory Animals.
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Methods
synthesis of sN38-Pa
SN-38 (392.4 mg, 1 mmol) was mixed with 200 mL dichlo-

romethane, before the addition of N,N-diisopropylethylamine 

(1.2 mmol). The mixture was stirred at 0°C for 10 minutes. 

Palmitoyl chloride (1.2 mmol) was added to the mixture 

dropwise and stirred for a further 15 minutes at 0°C, before 

raising the reaction temperature to room temperature and stir-

ring for a few hours until the solution became a transparent 

yellow liquid. The solution was evaporated under reduced 

pressure, and the light yellow solid SN38-PA (yield 98%), 

as characterized by nuclear magnetic resonance (NMR) 

spectroscopy and liquid chromatography–mass spectrometry 

(LC/MS), was obtained. MS (electrospray ionization-) m/z: 

629 (M–H+). 1H NMR (CDCl
3
, 600 MHz, ppm) δ: 8.22 (1H, 

d, J=9.12 Hz), 7.81 (1H, d, J=2.46 Hz), 7.64 (1H, s), 7.54 (1H, 

dd, J=9.12 and J=2.46 Hz), 5.74 (1H, d), 5.30 (1H, d), 5.25 

(2H, s), 3.86 (1H, s), 3.15 (2H, q), 2.65 (2H, t), 1.95–1.85 

(2H, m), 1.84–1.79 (2H, m), 1.50–1.26 (27H, m), and 1.03 

(3H, t), 0.87 (3H, t).

Determination of partition coefficients (log P)
The partition coefficients (log P) of SN38-PA and SN38 were 

determined using a shake flask method. Before use, 1-octanol 

and buffer solutions (0.1 M citric acid buffer, pH 3.0) were 

mutually saturated for 24 hours by shaking at 600 rpm on 

mechanical shaker at 25°C. Samples with known concen-

tration of test compounds in 1-octanol (5 mL) and buffer 

solution (5 mL) were shaken on mechanical shaker for 24 

hours at 600 rpm and 25°C, and the phases were allowed to 

separate through centrifugation at 5,000 rpm for 10 minutes. 

The concentration of the test compounds in both phases 

was determined precisely by HPLC. Each experiment was 

repeated thrice, and the mean value was used to calculate log 

P. Log P was calculated using the logarithm of the ratio of 

concentrations of compound (solute) in 1-octanol to buffer 

solution: log P=lg ([solute]
1–octanol

/[solute]
buffer

 
solution

).

liposome preparation
SN38-PA liposomes were prepared using a thin film hydra-

tion method. Briefly, hydrophobic excipients, including 

phospholipid (3% PC-98T and 0.4% DSPE-PEG2000), 

cholesterol (0.3%), and SN38-PA (0.3%), were dissolved in 

dichloromethane and transferred to a suitable round bottom 

flask. The flask was then connected to a Buchi R205 rotary 

evaporator (Flawil, Switzerland) and water bath (Buchi 

B-409) with temperature maintained at 40°C–45°C. Vacuum 

was applied to the flask to evaporate the dichloromethane 

and form a homogeneous lipid film on the flask wall. The dry 

lipid film was maintained overnight under vacuum to remove 

traces of dichloromethane. The lipid film was then hydrated 

using a solution containing 7%–10% sucrose by ultrasound 

until the lipid film was completely detached. Liposomes were 

then formed, ultrasonicated using a cell disruptor (Ultrason-

ics 450; Branson Ultrasonics Corp., Danbury, CT, USA) for 

3 minutes, and passed through a microfluidizer (M-110EH; 

Microfluidics Inc., Newton, MA, USA) at 15,000 psi for three 

cycles at an operating temperature of 25°C. The resulting 

liposome-based drug formulation was then sterile filtered 

through a 0.2 µm filter and transferred to 10 mL vials.

characterization of liposomes
The size distribution and zeta potential of SN38-PA lipo-

somes were measured using a Malvern Zetasizer Nano-ZS 

(Malvern Instruments, Malvern, UK). The liposomes were 

diluted to appropriate concentrations and maintained at 25°C. 

The liposomal EE was determined by passing through a 

Sephadex G-50 column as described in the following sec-

tions. Briefly, 0.5 mL of SN38-PA liposomes was loaded 

on the column and eluted with water containing 3% (w/v) 

Tween-80. The free drug fraction was then collected for 

further investigation, and EE was calculated according to 

the following equation: %EE = (1-amount of free SN38-PA/

total SN38-PA added) ×100%.

In vitro lactone stability
Because the lactone (ring E) is a moiety critical for CPT 

activity and is reported to be unstable under physiological 

conditions (pH 7.4), the stability of the lactone in SN38-PA 

liposomes and CPT-11 was determined.

To evaluate lactone stability, a saline-buffered solution 

(10 mM, pH 7.4) containing 4% human serum albumin was 

incubated at 37°C in the presence of SN38-PA liposomes 

and CPT-11.19 HPLC was used to analyze the decrease in 

the concentration of lactone over time.

conversion study of sN38-Pa in plasma
To evaluate the conversion rate of SN38-PA to SN38, 0.1 mL 

of the sample solution (3 mg/mL CPT-11, 3 mg/mL SN38-

PA liposome) was added to 1 mL rat plasma and incubated 

for 0, 0.5, 1.5, 3, 5, 12, and 24 hours.9 A 100 µL aliquot of 

plasma was immediately added into a 1.5 mL centrifuge tube 

with 20 µL 10-hydroxy CPT (internal standard, IS) working 

solution (50 µg/mL in methanol–0.2% formic acid water, 

50:50, v/v), 50 µL formic acid, and 200 µL methanol. After 

centrifugation, the supernatant was analyzed via HPLC.
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In vitro cytotoxicity assay
The cytotoxicity of SN38-PA liposomes was evaluated 

using a CCK-8.20 Briefly, MCF-7, HCT-116, LLC, and S180 

cells were seeded (5×103 cells/well) in 96-well plates (BD, 

Franklin Lakes, NJ, USA), cultured for 24 hours, and then 

incubated with 10 µL various concentrations of SN38-PA 

liposome, CPT-11, or SN38 (dissolved in dimethyl sulf-

oxide, DMSO) in DMEM supplemented with 10% (v/v) 

FBS, 100 µg/mL streptomycin, and 100 IU penicillin in a 

humidified atmosphere with 5% CO
2
 at 37°C. After treat-

ment for 24 hours, 10 µL of CCK-8 solution was added to 

each well, and the 96-well plates were further incubated at 

37°C for 2 hours. The OD of each well was measured on a 

microplate reader (Multiskan; Thermo Fisher Scientific) at 

a wavelength of 450 nm to determine the cell viability. The 

assay was repeated three times. The cell viability was cal-

culated as follows: ([As-Ab]/[Ac-Ab]) ×100%, where As, 

Ac, and Ab are defined as the absorbance of experimental 

samples, untreated samples, and blank controls, respectively.

In vivo pharmacokinetic study
Twelve Sprague Dawley rats (male, 180±20 g) were ran-

domly assigned to two groups (six mice per group). CPT-11 

(15.88 mg/kg, equivalent to 10 mg/kg SN38) and SN38-PA 

liposomes (16.06 mg/kg, equivalent to 10 mg/kg SN38) were 

administered intravenously (i.v.) as a single dose via injection 

in the tail vein.21 At different time points, 300 µL blood was 

collected from the retro-orbital sinus into heparinized tubes 

and immediately centrifuged to collect the plasma fraction. 

All plasma samples were pretreated as follows: 100 µL 

plasma was spiked with 20 µL IS (10-hydroxy CPT), 50 µL 

formic acid, and 200 µL methanol and vortexed for 5 minutes. 

After centrifugation, the supernatant was analyzed via HPLC.

Biodistribution study
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 cell 

suspensions (2×107 cells/mL). After 4 days, 42 S180-bear-

ing mice were randomly divided into two groups and i.v. 

injected with CPT-11 and SN38-PA liposomes at a dose 

of 15.88 mg/kg and 16.06 mg/kg (equivalent to 10 mg/kg 

SN38), respectively. The mice were sacrificed at different 

time points post injection. The tumors and organs of interest 

(heart, liver, spleen, lung, kidney, and rectum) were excised, 

and CPT-11, SN38-PA, and SN38 content were measured. 

An amount of 0.1 g organ tissue was homogenized with 

saline (1:4, mg/µL),22 and 20 µL 10-hydroxy CPT (IS) was 

added to the samples (100 µL). CPT-11, SN38-PA, and SN38 

were extracted with 50 µL formic acid and 200 µL methanol 

by vigorous mixing for 5 minutes. After centrifugation at 

12,500 rpm for 10 minutes, the organic layer was collected, 

transferred to an autosampler vial, and 20 µL supernatant was 

injected to quantify CPT-11, SN38-PA, and SN38 content 

via HPLC.

In vivo antitumor activity
In vivo anticancer activity against S180 solid tumors in ICR 

mice was evaluated.23 Briefly, ICR mice were inoculated 

with S180 cells in the right armpit, and mice were randomly 

divided into five groups for 24 hours later. The negative 

control group was treated with saline. CPT-11 injection 

(15.88 mg/kg, equivalent to 10 mg/kg SN38) and SN38-PA 

liposome (8.03 mg/kg, 16.06 mg/kg, or 32.12 mg/kg, equiva-

lent to 5 mg/kg, 10 mg/kg, or 20 mg/kg SN38, respectively) 

were administered to the mice via tail vein injection. Admin-

istration was performed on days 0, 3, and 5. The body weights 

were measured every 2 days. Twenty-four hours after the 

last injection, mice were sacrificed after weighing, and the 

tumor was carefully excised and weighed. The tumor growth 

inhibition was calculated using the following formula: tumor 

growth inhibition (%) = (W
1
-W

2
)/W

1
×100%, where W

1
 and 

W
2
 refer to the mean weights of the negative control group 

and the drug-treated group, respectively.

HPLC analysis and quantification
Sample quantification was performed using an HPLC 

system consisting of an Agilent G1311C pump, a G1329B 

UV–visible detector, and an Agilent ZORBAX Eclipse 

Plus C18 column (250×4.6 mm, 5 µm). 10-Hydroxy CPT 

(50 µg/mL) was used as the IS. The mobile phase consisted 

of methanol (A) and water with 0.1% formic acid (B) at a 

flow rate of 1 mL/min. A gradient was used for SN38-PA 

liposome detection as follows: 0 minute, 70% A and 30% 

B; 6 minutes, 70% A and 30% B; 7 minutes, 100% A; 

17 minutes, 100% A; and 17.5 minutes, 70% A and 30% B. 

The mobile phases for CPT-11 injection consisted of 55% 

A and 45% B, and the injection volume was 20 µL. This 

quantification method was fully validated, and the inter-day 

and intraday accuracy of samples ranged narrowly between 

98% and 102%, while both intraday and inter-day relative 

SDs were below 5%.

statistical analyses
All quantitative data are presented as mean ± SD, and 

Student’s t-test was used for the evaluation of statistical 
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significance. A P-value of ,0.05 was considered significant, 

while a P-value of ,0.01 was considered highly significant.

Results and discussion
log P of sN38-Pa between 1-octanol 
and water
The lipophilic prodrug SN38-PA was obtained from the 

reaction of SN38 and palmitoyl chloride with a yield of 

98%. The synthesis route is illustrated in Figure 1. The 

chemical structure was confirmed via NMR spectroscopy 

and LC/MS. The drug SN38, with a log P of 2.65, exhibited 

both poor hydrophilicity and lipophilicity and could not be 

integrated into liposomes. The log P of SN38-PA was 7.92, 

and its lipophilicity was significantly enhanced compared 

with that of SN38. Increasing the lipid solubility of SN38 

through prodrug formulation has the benefit of improving 

drug loading in lipid-based formulations, possible stabiliza-

tion of the lactone form from hydrolysis, and improving the 

permeability of the parent drug through cell membranes. 

A liposome is a lipid-based formulation, and the EE of 

liposomes correlated well with the partition coefficient of 

the drug. A study previously demonstrated that liposomes 

favorably encapsulate drugs with either a low or high log P, 

but do not hold drugs having an intermediate log P of 2–3.24 

Through conjugation of SN-38 with palmitic acid, the lipo-

philic prodrug SN38-PA, showing an appropriate log P for 

encapsulation into liposomes, was obtained.

characterization of sN38-Pa liposomes
SN38-PA liposomes were prepared using a thin film hydra-

tion method in which 0.4% DSPE-PEG2000 was added to 

improve in vivo longevity. The hydrodynamic diameter of 

the prepared liposome was approximately 80.13±0.94 nm 

with polydispersity index of 0.094 (Figure 2), and the zeta 

potential was approximately -33.53±2.57 mV (Figure 3). 

The EE of SN38-PA liposomes was approximately 99.34%, 

and drug loading was approximately 3 mg/mL, while SN38 

liposomes prepared using the conventional thin film hydration 

method showed only 5.6% EE and 0.5 µg/mL drug loading. 

These results demonstrated that using the lipophilic prodrug 

SN38-PA, we obtained stable liposomes with satisfactory 

drug loading and high entrapment efficiency.

In vitro lactone stability
As with SN38, the lactone ring essential for bioactivity 

shows reversible pH-dependent hydrolysis. The lactone 

ring of SN38 is stable at pH #4.5 and hydrolyzes com-

pletely to form the carboxylate form at pH .9.0.25 The 

instability of the active drug molecule at physiological pH 

(pH 7.4) is a major hurdle in attaining effective therapy 

with SN38, as the open carboxylate form of SN38 has no 

therapeutic effect.5

The percent change in the concentration of the lactone 

form over time for CPT-11 injection and SN38-PA liposome, 

in the simulated physiological environment in vitro, is 

shown in Figure 4. The results showed that the SN38-PA 

liposome holds a more stable closed lactone form than 

CPT-11. After 12 hours, the prevalence of the lactone ring 

of the SN38-PA liposome was more than 95%, while that 

of the lactone ring of CPT-11 was approximately 20% only. 

The stability of the lactone form of the SN38-PA liposome 

is greater than that of CPT-11. This dramatic increase in the 

stability of the lactone may result from the protective effect 

of the liposome by isolating the encapsulated drug from the 

surrounding environment.

conversion study of sN38-Pa
CPT-11 is a water-soluble prodrug of SN38 that has 

been approved by the FDA for chemotherapy. CPT-11 is 

100–1,000 times less potent than SN38, and only a small 

fraction of CPT-11 (approximately 2%–8%) converts 

to SN38 in vivo after i.v. infusion.7,26,27 Using CPT-11 

injection as comparison, the conversion rate of SN38-PA 

in rat plasma was investigated. As shown in Figure 5, the 

percentage conversion of SN38-PA was significantly higher 

than that of CPT-11 injection after incubation with plasma. 

Figure 1 route of sN38-Pa synthesis. r=c15.
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Figure 2 The particle size distribution of sN38-Pa liposome.

Figure 3 The zeta potential of sN38-Pa liposome.

Figure 4 Percent change in the concentration of the lactone form of cPT-11 and 
sN38-Pa liposome over time.

Figure 5 conversion percent of cPT-11 and sN38-Pa liposome after incubation 
with the rat plasma.
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Twelve hours later, approximately 87% of SN38-PA lipo-

somes were converted to the more active metabolite SN38, 

and only approximately 6% of CPT-11 was converted to 

SN38, demonstrating that the SN38-PA liposome resulted 

in more efficient conversion to SN38.

In vitro cytotoxicity assay
SN38-PA liposomes demonstrated significant in vitro anti-

tumor activity comparable with that of SN38 dissolved in 

DMSO, but far better than that of CPT-11, against a large 

panel of tumor cell lines, including S180, MCF-7, LLC, 

and HCT-116 cells. The 50% inhibitory concentrations 

(IC
50

) of SN38-PA liposomes in the above mentioned cell 

lines were 0.08, 0.34, 0.18, and 0.12 µM, respectively, or 

approximately 1.26- to 8-fold greater than those of SN38 

in the same cell lines. These data indicate that SN38-PA 

liposomes released SN38 effectively. In the four cell lines 

tested, SN38-PA liposomes exhibited significantly higher 

antitumor activity than CPT-11. The IC
50

 values of CPT-11 

against the tested cell lines were 11.12, 5.50, 59.11, and 

12.26 µM, respectively, or 16.18- to 328.39-fold higher than 

that of SN38-PA liposomes.

Pharmacokinetics
The pharmacokinetic profiles of CPT-11 injection and 

SN38-PA liposomes in Sprague Dawley rats are shown in 

Figure 6A and B. Compared with CPT-11, SN38-PA showed 

greater concentrations in plasma and was rapidly metabo-

lized to SN38 in vivo. The animals treated with SN38-PA 

liposomes showed an obvious increase in plasma SN38 

concentration compared with those treated with CPT-11. The 

main pharmacokinetic parameters were calculated using a 

non-compartmental model, as summarized in Table 1. The 

plasma half-life (t
1/2

) of SN38 was significantly enhanced 

(P,0.05), and the clearance of SN38 decreased more than 

9.7-fold in animals treated with SN38-PA liposomes, com-

pared with that in animals treated with CPT-11 injection. 

The volume of distribution (V) was calculated to reflect 

the theoretical volume in which SN38 is evenly distributed 

after injection.28 The calculated V for SN38-PA liposomes 

was significantly smaller than that of CPT-11 injection, 

indicating that the concentration of active SN38 in plasma 

circulation was greater after the administration of SN38-PA 

liposomes. Moreover, the mean plasma area under the curve 

(AUC
0–24 h

) for SN38 after the administration of SN38-PA 

liposomes was 7.5-fold higher than that after CPT-11 

administration. In conclusion, SN38-PA liposomes could 

slow down the elimination of SN38 and thereby extend the 

systemic circulation of SN38 in the blood.

Biodistribution study
We subsequently monitored the time-dependent in vivo 

biodistribution of CPT-11 injection and SN38-PA liposomes 

after i.v. injection into ICR mice bearing S180 tumors.25 

The mean concentration–time profiles of CPT-11 injection 

and SN38-PA liposomes in the main organs and tissues are 

shown in Figure 7, and the non-compartment pharmacoki-

netic parameters are listed in Table 2.

Figure 6 Plasma concentration–time curve of CPT-11 injection (15.88 mg/kg) and SN38-PA liposome (16.06 mg/kg) after i.v. bolus injection in rats.
Notes: (A) Concentration–time curve of CPT-11 and SN38-PA. (B) Concentration–time curve of SN38 converted from CPT-11 and SN38-PA. Data are presented as 
mean ± SD (n=6).
Abbreviation: i.v., intravenous.
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Table 1 The main PK parameters of cPT-11 injection and sN38-Pa liposome in sprague Dawley rats after i.v. injection

Parameters CPT-11 injection SN38-PA liposome

CPT-11 SN38 SN38-PA SN38

cmax (µg/L) 8,057.32±1,564.55 1,582.55±144.13 72,367.32±13,357.05 11,855.09±1,170.74
aUclast (µg/l⋅h) 5,342.03±748.75 2,408.82±185.20 142,550.10±9,127.45 23,884.39±4,289.21
t1/2 (hours) 5.33±1.55 4.98±0.96 2.49±2.36 6.65±2.87
CL (L/h/kg) 2.93±0.39 6.43±0.58 0.11±0.01 0.66±0.11
V (L/kg) 22.43±7.23 45.68±5.58 0.40±0.35 6.16±2.60

Note: Values are non-compartmental model parameter estimates. 
Abbreviations: aUclast, area under the curve computed to the last time point; cl, total body clearance; cmax, maximum plasma concentration of drug; i.v., intravenous; 
PK, pharmacokinetics; V, volume of distribution; sD, sprague Dawley; t1/2, elimination half-life.

Figure 7 Tissue concentration profile after i.v. injection of CPT-11 injection (15.88 mg/kg) and SN38-PA liposome (16.06 mg/kg) in mice.
Notes: (A) Concentration of CPT-11. (B) Concentration of SN38 converted from CPT-11 injection. (C) Concentration of SN38-PA. (D) Concentration of SN38 converted 
from sN38-Pa liposome. Data are presented as mean ± SD (n=3).
Abbreviation: i.v., intravenous.

As shown in Figure 7A and C, CPT-11 distributed 

primarily to the rectum, kidney, and lung, while SN38-PA 

liposomes distributed primarily to the liver, spleen, and 

tumor. Administration of SN38-PA liposomes produced 

higher AUC values in the liver (approximately 10-fold, 

P,0.001), spleen (approximately 3.5-fold, P,0.01), and 

tumor (approximately 1.4-fold, P.0.05) when compared 

with CPT-11. SN38-PA formulated in PEGylated liposomal 
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Table 2 Pharmacokinetic parameters in tissues after i.v. administration of cPT-11 injection and sN38-Pa liposome in sD rats, 
respectively

Parameters Tissues CPT-11 SN38-PA SN38 converted  
from CPT-11

SN38 converted  
from SN38-PA

AUC (ng/g⋅h) heart 3,445.15±1,212.62 1,885.87±446.35 204.36±86.84 159,040.61±47,367.08
liver 8,523.25±701.18 86,942.86±16,809.80 1,668.52±254.34 161,175.00±5,097.05

spleen 14,233.87±2,291.03 50,099.94±4,361.25 85.46±19.24 231,699.99±15,722.04

lung 6,124.99±595.70 526.07±606.16 641.41±315.69 276,069.81±68,869.66

Kidney 8,678.19±2,252.09 818.81±195.96 1,906.72±176.87 85,395.87±10,320.78

rectum 24,522.86±3,108.34 1,831.71±1,174.77 1,523.76±462.66 40,399.18±4,973.90

Tumor 10,573.85±2,629.70 14,897.85±3,286.07 1,298.28±248.72 193,729.60±4,967.34

cmax (ng/g) heart 6,043.35±616.58 4,556.66±806.70 90.74±16.79 44,257.14±2,564.53

liver 6,050.50±1,275.10 20,009.70±3,323.64 438.69±119.71 33,676.18±4,664.01

spleen 6,144.39±613.06 19,275.82±2,327.95 112.57±57.71 52,060.62±10,148.47

lung 7,929.60±2,346.87 1,074.44±1,033.97 204.82±63.22 49,853.18±12,422.62

Kidney 9,007.81±3,574.08 2,433.49±123.16 875.63±171.05 22,073.00±4,791.17

rectum 26,599.03±4,804.94 2,817.60±2,144.32 641.43±30.95 18,074.06±4,367.29
Tumor 6,496.83±512.72 4,317.47±1,368.18 362.59±107.06 47,330.80±8,179.95

Abbreviations: i.v., intravenous; sD, sprague Dawley.

Table 3 The in vivo efficiency of different formulation against S180 solid tumor in mice

Groups Dose (mg/kg) BW (g) TW (g) TIR (%)

Start End

saline / 17.55±0.95 33.92±1.99 2.10±0.54 0
cPT-11 injection 15.88 17.50±0.62* 28.86±1.61*** 0.88±0.27*** 58.17

sN38-Pa liposome 8.03 17.52±0.72* 29.19±1.87**,& 0.56±0.16***,&& 73.25

sN38-Pa liposome 16.06 17.65±0.51* 27.77±3.26**,& 0.14±0.06***,&&& 93.49
sN38-Pa liposome 32.12 17.58±1.29* 26.68±1.03***,&& 0.05±0.03***,&&& 97.7

Notes: Data are presented as mean ± SD (n=6). *P.0.05, **P,0.05, and ***P,0.01, compared with saline; &P.0.05, &&P,0.05, and &&&P,0.01, compared with cPT-11 injection.
Abbreviations: BW, body weight; TW, tumor weight; TIr, tumor inhibition rate.

carrier reduced the disposition of no mononuclear phagocyte 

system (MPS) organs and achieved higher levels in tumor 

through prolonged systemic circulation and enhanced per-

meation and retention effect.

Concentrations of SN-38, converted from CPT-11 injec-

tion and SN38-PA liposomes, measured in main organs 

and tissues are shown in Figure 7B and D, respectively. 

The concentration of SN38 converted from SN38-PA was 

much higher than that from CPT-11 in almost all tissues 

(Table 2). The AUC was approximately 778-fold in the heart 

(P,0.001), approximately 96-fold in the liver (P,0.001), 

approximately 2711-fold in the spleen (P,0.001), approxi-

mately 430-fold in the lungs (P,0.001), approximately 

44-fold in the kidneys (P,0.001), approximately 26-fold in 

the rectum (P,0.001), and approximately 149-fold in the 

tumor (P,0.001), demonstrating that SN38-PA liposomes 

could convert to its active SN38 efficiently in all tissues, 

while CPT-11 could not convert to its active SN38 efficiently.

In vivo antitumor activity
The in vivo antitumor activity of SN38-PA liposomes was 

investigated in ICR mice that were inoculated with S180 

cells in the right armpit, with saline as the negative control, 

and with CPT-11 as the positive control. The results given 

in Table 3 summarizes that both CPT-11 and SN38-PA 

liposomes (in three dose formulations) showed significant 

tumor growth inhibition in comparison with the saline con-

trol (P,0.01), and dose-dependent tumor growth inhibition 

was observed with the administration of increasing doses of 

SN38-PA liposomes in the three treatment groups. Further-

more, tumor growth inhibition rate of SN38-PA liposome was 

1.61 times that of CPT-11 injection at both doses equivalent 

to 10 mg/kg SN38 (P,0.01). Besides, SN38-PA liposomes 

were more efficient, resulting in higher tumor growth inhibi-

tion rates than CPT-11 injection at a lower dose (P,0.05).

Images of tumor tissues stained with H&E were observed 

under microscope. As shown in Figure 8, in the negative 
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Figure 8 Pathological picture (×200) of tumor tissues by H&E staining in S180-bearing mice after treating with saline (A), CPT-11 injection (15.88 mg/kg) (B), CPT-11 
injection (15.88 mg/kg) (C), SN38-PA liposome (8.03 mg/kg) (D), SN38-PA liposome (16.06 mg/kg) (E), SN38-PA liposome (32.12 mg/kg) (F).

control group, tumor cells grew well: they were tightly 

packed with adenoid hyperplasia, and the texture was clear 

with no obvious necrosis foci (Figure 8A). However, in 

tumors treated with CPT-11 injection (Figure 8B and C) and 

low dose of SN38-PA liposomes (8.03 mg/kg; Figure 8D), 

cell nuclei were partially ruptured and dissolved, the 

structures were unclear, and many necrotic foci appeared. 

Moreover, in tumors treated with medium (16.06 mg/kg; 

Figure 8E) and high-dose SN38-PA liposomes (32.12 mg/kg; 

Figure 8F), cell necrosis was obvious, tissue structure had 

disappeared, and more necrotic foci were visible. These 

results were consistent with the abovementioned therapeutic 

data indicating that both SN38-PA liposomes and CPT-11 

injection possessed significant anticancer effects and that 

SN38-PA liposomes were more effective than CPT-11 injec-

tion at the same dose.

According to the results summarized in Table 3, both the 

CPT-11 injection treatment group and the SN38-PA liposome 

treatment group exhibited body weight loss in comparison 

with the negative control group, indicating that both CPT-11 

and SN38-PA liposome displayed certain toxicity. But we 

can see that the body weight of all animals increased steadily 

throughout the study. Besides, at the same dose, there was no 

significant difference in body weight between the SN38-PA 

liposome group and CPT-11 group. These results indicated 

that SN38-PA liposomes had no significant toxicity compared 

with CPT-11 injection. Further improvement will focus on 

the tumor targeting distribution of SN38-PA liposome, so as 

to reduce the toxicity of the formulation as far as possible.

Conclusion
In this study, by combining the advantages of lipophilic 

prodrugs and nanotechnology, we successfully designed 

and synthesized SN38-PA liposomes, thereby aiming to 

overcome the drawbacks of SN38 and the limitations of SN38 

drug delivery systems.

Resultant SN38-PA liposomes exhibited significantly 

higher drug loading, more stable lactone form, more effective 

conversion rate, and improved in vivo pharmacokinetics, 

compared to CPT-11 injection.29 Further studies indicated 

that SN38-PA liposomes exhibited excellent antitumor 

activity against a large panel of cultured tumor cell lines, and 

favorable therapeutic effects in S180 tumor-bearing mice. 

Taking all these findings into consideration, the SN38-PA 

liposomes developed in this study display good druggability 

and show potential for clinical application.
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