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ABSTRACT
Objective: SN-38(7-ethyl-10-hydroxycamptothecin), a Camptothecin derivative is the active metabolite of Irinotecan hydrochloride, poses a
challenge in terms of drug delivery due to its low solubility and labile lactone ring. In spite of being 100-1000 times more cytototoxic than its
prodrug, it is yet in clinical trials and needs FDA approval. It poses anticancer activity against cancers like colon, lung, cervix and pancreas. The aim
of this study was to develop biodegradable SN-38 incorporated polymeric nanocapsules (PLNP) using (PLGA) Poly (lactic-co-glycolic acid).
Methods: PLNP were prepared by emulsion-solvent evaporation method and optimized by 32 full factorial design. The physicochemical properties
are characterized by TEM, DLS, Zeta Potential, DSC and FTIR. Its stability was checked at pH 4.5 and 7.4 and at 25oC and 37oC.
Results: The entrapment efficiency and drug loading content of optimized formulation were 72.6 (± 1.02) % and 10 (± 0.47) % respectively. The in
vitro drug release studies showed higher release in simulated intestinal fluid with 4% rat cecal contents as compared to simulated gastric fluid and
intestinal fluid. At 25 oC, about 25% of the SN-38 was degraded after 96 h for free SN-38 and 10% of SN-38 for PLNP entrapped SN-38, whereas at
37oC, 28% of the SN-38 was degraded after 96 h.
Conclusion: PLNP showed better drug release in simulated intestinal fluid with 4% rat cecal contents which makes it a suitable candidate for
colorectal cancer therapy. PLNP was maintained even after 96 h of exposure to pH 7.4 and 37oC, indicating that in vivo SN-38 loaded nanocapsules
(PLNP) should display increased stability and better performance compared with the free drug.
Keywords: SN-38, Cytotoxic, Nanocapsules, PLGA, Colorectal cancer.

INTRODUCTION
7-ethyl-10-hydroxycamptothecin (SN-38) is a biological active
metabolite of Irinotecan hydrochloride (CPT-11). CPT 11 is a
topoisomerase I inhibitor commercially available as
Camptosar®. SN-38 is approximately 100–1000-fold more
cytotoxic than CPT-11. Despite its promising anticancer
potential, SN-38 thus far has not been used as an anticancer drug
due to its poor solubility in any pharmaceutically acceptable
solvents. Although CPT-11 is converted to SN-38 in the liver and
tumors, the metabolic conversion rate is less than 10% of the
original volume of CPT-11[1-2]. In spite of so many researches
hydrophobic drugs like SN-38 are still facing challenges in drug
delivery. The oral bioavailability of SN-38 is merely 8%, which
may be partly attributed to its limited absorption caused by
poorly water-soluble drugs. Moreover, SN-38 displays
gastrointestinal toxicity resulting in diarrhea, which is widely
recognized as its dose-limiting toxicity [3-4].
Nanoparticulate systems have opened intensive research interest for
oral administration in cancer treatment over recent decades. They
have some obvious advantages over conventional medicine, such as
promoting the absorption, improving the bioavailability, enhancing
the therapeutic effects and reducing the toxic effects of loaded drugs
[5-6]. Polymeric nanocapsules exhibit better performance, with
controlled release, targeted delivery and high stability, together with
a unique internalization mechanism of endocytosis [7]. PLGA is a
frequently used drug delivery carrier for nanoparticulate systems
due to its biodegradability, biocompatibility, and non-toxicity.
Biodegradable nanocapsules (NPs) formulated using biodegradable
polymer poly(lactide-co-glycolide) (PLGA), can be used as carriers
for drug. In addition to being biodegradable, other advantages
include reduced frequency of administration, sustained drug release,
reduced dosage, and less systemic side effects [8]. Various
approaches like, Polymeric micelles, Liposomes, Polymer drug
conjugates and Nanocapsules have tried to increase its
hydrophilicity, bioavailability and to provide a sustained action.
These formulations were developed for intravenous administration
but oral administration of chemotherapy is preferred by 89%
patient [9] Compared with the intravenous route, oral drug delivery

is more practical because of better patient compliance, cheaper
costs, greater convenience and more simplicity for long-term
treatment of chronic diseases [10]. Oral chemotherapy is convenient
and thus preferred by the patients, which can greatly improve the
quality of life of the patients. This is especially important for the
patients with advanced or metastatic cancer. Oral chemotherapy can
eventually promote a new concept of chemotherapy: ‘‘chemotherapy
at home’’ [11-13]. The current research aims to formulate SN-38 in
PLGA nanocapsules and to explore it as an oral candidate for
treatment of colorectal cancer.
MATERIALS AND METHODS
Materials
SN-38 was generously gifted by Avra labs (Hyderabad, India). PLGA
(50:50) was obtained as a gift sample from Evonik industries
(Mumbai, India). Pluronic F-68 was purchased from Hi media labs
(Mumbai, India). All other chemicals and solvents were of analytical
grade and used as received.
Methods
Preparation of PLGA nanocapsules
PLNP’s were prepared by emulsion-solvent evaporation method
[14]. Pluronic F-68 (2%) solution was magnetically stirred at room
temperature. 10 mg of SN-38 was dissolved in 1ml of DMSO and
added to 1% PLGA solution in dichloromethane. This mixture was
added slowly with syringe pump at a rate of 0.3ml/min to the
aqueous phase. It was stirred overnight, centrifuged at 2500rpm,
4OC for 10 min to remove the polymer aggregates. Supernatant taken
and sonicated for 5 minutes and again centrifuged at 18000 rpm for
10 minutes. Supernatant discarded and sediment washed thrice with
deionised water to remove the organic solvents added 1% mannitol
as cryprotectant and lyophilized for 48 hrs. The nanocapsules
(PLNP) thus obtained is preserved in tightly closed container at 24oC till further use. Similarly blank nanocapsules were prepared. The
PLNP formulations were prepared as per the experimental runs
obtained from Design Expert software 8.0.7.1 (Stat- ease Inc., MN). A
2 factor, 3 responses (32) General factorial design was used for
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optimization purpose. Two independent variables (X), amount of
surfactant (X1) and amount of polymer (X2) were taken at 3 levels
as given in table 1. These were chosen on the basis of the tested
lower and upper values for each variable, according to preformulation studies and literature research. A factorial design
approach was applied to maximize the experimental efficiency
requiring a minimum of experiments to optimize the PLNP. 3
dependent variables (Y) Particle size (Y1), drug loading (Y2) and
Entrapment efficiency (Y3) were taken as responses. A total of 9
runs were carried out with 0 blocks and 1 replicate.

was measured using (zeta cuvette- clear) without dilution.
Particle size was measured with G6 cuvette with 100 times
dilution. These measures were carried out at 25°C.

Table 1: Levels of Factors and responses for factorial design

2mg of PLNP was taken and dispersed in 2ml of dichloromethane. 5
ml of acetonitrile was added to the above solution and centrifuged
(Remi centrifuge) at 20000 rpm for 20 min. The supernatant was
analyzed after dilutions for SN-38 at 265 nm with UV 1800
(Shimadzu, Japan).

Independent Variables
(Factors)
X1= Amount of Surfactant (wt %)
X2= Amount of polymer (wt %)
Dependent Variables (Responses)
Y1= Mean particle size(Z-Ave) (nm)
Y2= Drug loading (%)
Y3= Entrapment efficiency (%)

Levels
Low
(-1)
1
1 1.5 2
Low
132.5
6.52
64.8

Medium
(0)
2
1.5
High
184.7
10.00
72.6

High
(+1)
3
2
Goal
minimize
maximize
maximize

Physicochemical Characterization
FTIR analysis
SN-38, PLGA and PLNP powders thus obtained were analyzed
with FTIR (IR Solution, Shimadzu) by KBr pellet method. 1mg of
powdered samples is mixed in a small mortar and pestle with
purified and desiccated 200 mg of KBr. It was placed in KBr
pellet and force is applied for several minutes to form uniform
pellet and scanned from 400 to 4000cm-1. Background
measurements were taken on a pellet holder with a pellet of KBr
only.
DSC studies
DSC of drug, polymer and PLNP were taken by DSC 60 (FC 60-A,
Shimadzu, Japan). Samples were sealed in hermetic aluminum pans,
run from 25°C and heated at a rate of 10oC/min up to 300oC under a
nitrogen atmosphere at a flow rate of 40 cm3/min. A similar empty
pan was used as a reference. The results were analyzed using
Universal Analysis software TA-60 WS.
Particle size and zeta potential of NP’s
The values of both the particle size and the zeta potential were
measured by using Zetasizer Nano ZS (Malvern). 2mg of NP’s
were suspended in 2ml deionised water and Size measurement
was done by NIBS (Non-Invasive Back Scatter) technology and
Zeta potential using M3-PALS technology. Zeta potential

TEM images
TEM images of blank formulation and PLNP were taken by FEI
Philips Morgagni 268D. Accessories specification Acc. voltage: 100
kV Magnification: up to 20,000x.
Entrapment efficiency and drug loading

Entrapment efficiency%= Wt of SN-38 calculated X 100
Wt of SN-38 added
Drug loading efficiency = Wt of SN-38 calculated X 100
Wt of nanocapsules
In vitro drug release of SN-38
The in vitro release studies were conducted by a dialysis method. 5
mg of PLNP containing SN-38 were enclosed in a dialysis bag
(MWCO 8 kDa, Hi Media, Mumbai) and immersed in 100 ml of
Simulated gastric fluid (SGF) (pH 1.2), Simulated intestinal fluid
(SIF) (pH 6.8) and SIF with 4% rat cecal content containing 0.1%
(w/v) Tween 80.The tests were conducted in a constanttemperature shower mixer at 100 rpm at 37°C. At specified time
intervals, 5 ml of the release medium was taken out to determine
drug concentration. Each experiment is run for 96 hrs (n=3) and
sink conditions are maintained. The released sample was diluted
with acetonitrile. The released amount of SN-38 was measured using
a UV–vis spectrophotometer at 265 nm.
Stability of SN-38 loaded in PLNP’s
To determine the effect of nanoparticle encapsulation on the
stability of SN-38, the degradation profile for free drug (in
acetonitrile) and nanocapsule formulations (1% solution in PBS, pH
7.4and 4.5) were evaluated. Samples were incubated under orbital
stirring (125 rpm) for 96 h at 25o C and 37oC. At time intervals of 0,
24, 48 and 96 h, aliquots were diluted with acetonitrile and analyzed
for SN-38 content by UV.
Statistical analysis
One way ANOVA was used to determine the statistical significance of
data. Student t test was used to compare different formulations, and
a P value of < 0.05 was considered to be significant.

RESULTS AND DISCUSSION
Table 2: Factors and responses of formulations (PLNP1-PLNP9)
Runs

Factor 1
(Surfactant) (mg)

PLNP1
PLNP2
PLNP3
PLNP4
PLNP5
PLNP6
PLNP7
PLNP8
PLNP9

200
100
200
100
200
300
100
300
300

Factor 2
(Polymer)
(mg)
150
100
200
200
100
200
150
150
100

Response 1
(Particle Size)
nm*
184.7 ± 1.2
154.2 ± 1.4
163.5 ± 0.97
172.6 ± 0.78
132.5 ± 1.35
142.6± 1.37
157.2 ±1.64
164.3 ±1.84
139.5 ±1.26

Response 2
(Drugloading)
%*
8.56 ± 0.02
7.12 ± 0.17
8.3 ±0.06
9.21± 0.45
10.00 ± 0.47
8.67± 0.12
7.89 ± 0.54
7.31 ± 0.75
6.52 ± 0.36

Response 3
(Entrapment Efficiency)
%*
64.8 ± 1.24
68.3 ± 1.78
69.2 ± 1.64
71.5 ± 1.36
72.6 ± 1.02
72.1 ± 0.98
70.3 ± 1.31
69.6 ± 0.67
68.8 ± 2.11

*n=3 and values indicate mean ± S.D
Formulation development and optimization of PLNP
Formulations were developed and optimized by Design expert
software 8.0.7.1 (Stat-ease Inc., MN). The effect of varying

concentration of surfactant and polymer were seen on entrapment
efficiency, drug loading and particle size by response surface models
as given in Fig1. The results are as in table 2. Three optimized PLNP
were evaluated further for zeta potential, polydispersity index and in
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vitro drug release as shown in table 3. PLNP 5 showed maximum
release in 72 hrs. The actual responses of PLNP 5 are compared with
the predicted responses as given in table 4. It is find that actual
responses are better than the predicted response. Amount of
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surfactant and amount of polymer both have significant effect on
particle size and drug loading but insignificant effect on entrapment
efficiency. PLNP 5 containing 200mg of Pluronic F-68 and 100 mg of
PLGA is selected as the optimized formulation.

Table 3: Zeta potential, Polydispersity index and in vitro drug release profile of PLNP 4,5 and 6
Optimized formulations
PLNP4
PLNP5
PLNP6

Zeta potential*
-39.4 ± 1.4 mV
-34.1 ± 0.2 mV
-43.8 ± 2.7 mV

Polydispersity index*
0.245 ± 0.002
0.367 ± 0.003
0.156 ± 0.006

In vitro drug release in SIF with 4% rat cecal content after 24 hrs*
79.5 ± 1.2 %
83.1 ± 2.9 %
78.4 ± 2.1%

*n=3 and values indicate mean ± S.D
[

Table 4: Predicted and Actual response of PLNP5
Predicted response
Response 1
Response 2
(Particle Size)
(Drugloading)
nm
%
145.5
8.65

PLNP 5

Actual response
Response 1
Response 2
(Particle Size)
(Drugloading)
nm
%
132.5 ± 1.35
10.00± 0.47

Response 3
(Entrapment Efficiency)
%
69.0

Physicochemical characterization

Response 3
(Entrapment Efficiency)
%
72.6 ± 1.02

Design-Expert® Software
Factor Coding: Actual
EE
Design points above predicted value
Design points below predicted value
72.6

DSC
DSC studies are done to investigate the thermal properties and
compatibility of drug, polymer and excepients. It is given in Fig 3. It
shows the endothermic and exothermic peaks of SN-38, PLGA and
PLNP5. PLGA has endothermic peak starts at 48.9oC and peak is at
51.25 oC. Similarly for SN-38 peaks are at 160.49 oC, 206.96 oC and
287.11 oC. PLNP 5 has no such peaks showing that SN-38 is fully
compatible with PLGA and other excipients.
Design-Expert® Software
Factor Coding: Actual
PS
Design points above predicted value
Design points below predicted value
184.7

64.8

74

X1 = A: Surfactant
X2 = B: Polymer

72
70

E E

Formulation code

68
66
64

200.00

300.00
175.00

C

132.5

190

X1 = A: Surfactant
X2 = B: Polymer

250.00
150.00

B: Polymer

200.00
125.00

150.00
100.00 100.00

A: Surfactant

180

Fig. 1: 3D Response surface models of factors effecting A)
Particle Size B) Drug Loading and C) Entrapment efficiency

170

P S

160
150
140
130

200.00

300.00
175.00

250.00
150.00

B: Polymer

200.00
125.00

150.00

A: Surfactant

100.00 100.00

A

Design-Expert® Software
Factor Coding: Actual
drug loading
Design points above predicted value
Design points below predicted value
10
6.52

d ru g

lo a d in g

10

X1 = A: Surfactant
X2 = B: Polymer

9

8

7

6

200.00

300.00
175.00

250.00
150.00

B

B: Polymer

200.00
125.00

150.00
100.00 100.00

A: Surfactant

Fig. 2: FTIR spectra of (A) SN-38 (B) PLGA and (C) PLNP 5
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FTIR

In vitro drug release

PLNP shows peaks between 3600 to 4000cm-1 depicting extensive
H-bonding between SN-38 and PLGA. SN-38 peaks at 3579 cm-1
showed hydrogen bonded OH, at 3248, 2978 and 2885cm-1 shows CH stretching alkanes. This peak is shifted to 2941cm-1 and other
peaks disappeared in PLNP. Peak at 2630 cm-1 of SN-38 for C-O
stretching and O-H bending is shifted to 2675 cm-1 and a new peak
at 2364 cm-1 for OH bending appeared showing H-bond formation
between SN-38 and PLGA. The peak of SN-38 at 1735 cm-1 depicts
saturated C=O which is shifted to 1772 cm-1 in PLNP. Thus extensive
H-bonding occurred between SN-38 and PLGA and there is no
incompatible reaction between SN-38 and PLGA in PLNP formation.

The in vitro drug release profiles of the PLNP 5 over 72 hrs are
shown in Figure 5. Drug release was very less in SGF. The release
was more (51.6 %) in 8 hrs in SIF. In SIF with 4% rat cecal
content an initial burst of 34.2% in the first 1.5 hours can be
observed. In the following 36 hours, cumulative release reached
86.4%, in a sustained manner, which provides the possibility to
fight continually against colon cancer cells, resulting in
decreased cancer cell viability. Cumulative release reached
almost 88.6% after 96 hrs and showed an almost released ability
of the nanocapsule formulation. The generally sustained and
controlled release profile of SN-38 facilitates the application of
nanocapsules for the delivery of anticancer drugs. Cummulative
amount of drug released after 24 hrs is 83.1 ± 2.9 % in simulated
intestinal fluid with 4% rat cecal content. This type of release
mimics the human body metabolic activity in gastric fluid,
intestinal fluid and colonic environment.

Fig. 3: DSC curves of SN-38, PLGA and PLNP
Entrapment efficiency and drug loading
Drug loading and entrapment efficiency varied between 6.52
to10.36 % and 64.8 and 75.2% respectively. PLNP 5 has maximum
drug loading and entrapment efficiency (table1).
Particle size, zeta potential and TEM images
Particle size and zeta potential of 9 formulations were in the range
of 132.5 nm to 284.7 nm and -43.8mV to -32.6mV and that of PLNP5
is 132.5 ± 1.35nm and -43.8 ± 2.7mV. TEM image of blank PLNP
dispersion (1% w/v in water) and PLNP 5 dispersion (1%w/v in
water) shows spherical nanocapsules with PLGA coating. It is shown
in Fig4.

Fig. 5: In vitro drug release profile of SN-38 from PLNP5 in
different simulated fluids
SN-38 chemical stability in solution form and in PLNP
At pH 4.5, SN-38 remained stable for 96 h at 25 oC and 37 oC (Fig. 6
and 7). In contrast, SN-38 stability at pH 7.4 was lower and
extremely temperature dependent. At 25 oC, about 25% of the SN-38
was degraded after 96 h for free SN-38 and 10% of SN-38 for PLNP
entrapped SN-38 (Fig. 6), whereas at 37oC, 28% of the SN-38 was
degraded after 96 h. However, Polymeric nanocapsules protected
SN-38 against degradation (Fig. 7). It showed that SN-38 stability
decreases with increased temperature and pH.

Blank PLNP

PLNP 5
Fig. 4: TEM image of Blank PLNP and PLNP 5

Fig 6: % recovery of SN-38 at 25oCfrom PLNP 5 and pure drug at
pH 4.5 and 7.4

688

Prasad et al.

Int J Pharm Pharm Sci, Vol 6, Suppl 2, 685-689

REFERENCES
1.
2.

3.
4.

5.
37oC

Fig. 7: % recovery of SN-38 at
from PLNP 5 and pure drug
at pH 4.5 and 7.4
Nanocapsules was maintained even after 96 h of exposure to pH 7.4
and37oC, indicating that in vivo SN-38 loaded nanocapsules (PLNP)
should display increased stability and better performance compared
with the free drug.
CONCLUSIONS
PLNP has successfully entrapped SN-38. In vitro drug release
profile shows sustained and better drug release in simulated
intestinal fluid with 4% rat cecal content proving it to be a good
candidate for oral controlled release for colorectal cancer. SN-38
recovery at 4.5 and 7.4 pH and at 37 oC and 25 oC shows that PLNP
is more stable as compared to the free drug. Moreover SN -38
degrades more at higher pH and higher temperature. Present
research aims at providing a simple procedure for the
preparation of polymeric nanocapsules. Further research is
going on to evaluate its efficiency at the backdrop of other
biological and dietary factors.
Conflict of Interest

6.

7.
8.

9.
10.
11.

12.

The authors declare that there is no conflict of interest.
ACKNOWLEDGEMENT
The authors are thankful to Department of Science and Technology,
N. Delhi for providing Inspire fellowship to the corresponding
author. The author is also thankful to AIIMS, N.Delhi for providing
facilities for TEM, SAIL, RGPV, Bhopal for Zeta Sizer, Avra labs,
Hyderabad for gift sample of SN-38 and Evonik Industries, Mumbai
for gift sample of PLGA.

13.
14.

Rothenberg M L, Kuhn J G, Burris III H A, Nelson J, Eckardt J R,
Tristan-Morales M et al: Phase I and pharmacokinetic trial of
weekly CPT-11. J Clin Oncol 1993;11:2194–2204.
Slatter J G, Schaaf L J, Sams J P, Feenstra K L, Johnson M J,
Bombardt P A et al: Pharmacokinetics, metabolism, and
excretion of irinotecan (CPT-11) following I.V. infusion of
[(14)C] CPT-11 in cancer patients. Drug Metab Dispos
2000;28:423–433.
Kolhatkar R B, Swaan P and Ghandehari H: Potential oral
delivery of 7-ethyl-10-hydroxy-camptothecin (SN-38) using
poly(amidoamine) dendrimers. Pharm Res 2008;25:1723–9.
Tagen M, Zhuang Y, Zhang F, Harstead K E, Shen J, Schaiquevich
P et al: P-glycoprotein, but not multidrug resistance protein 4,
plays a role in the systemic clearance of irinotecan and SN-38
in mice. Drug Metab Lett 2010;4:195–201.
Kumari A, Yadav S K and Yadav S C: Biodegradable polymeric
nanocapsules based drug delivery systems. Colloids Surf B
2010;75:1–18.
Wang Z, Chui W K and Ho P C: Design of a multifunctional PLGA
nanoparticulate drug delivery system: evaluation of its
physicochemical properties and anticancer activity to
malignant cancer cells. Pharm Res 2009;26:1162–71.
Win K Y and Feng S S: Effects of particle size and surface
coating on cellular uptake of polymeric nanocapsules for oral
delivery of anticancer drugs. Biomaterials 2005;26:2713–22.
Higaki M, Ishihara T, Izumo N, Takatsu M, Mizushima Y:
Treatment of experimental arthritis with poly(dl-lactic/glycolic
acid) nanocapsules encapsulating Betamethasone sodium
phosphate. Ann Rheum Dis 2005;64:1132–1136.
Liu G, Franssen E, Fitch M I and Warner E: Patient preferences
for oral versus intravenous palliative chemotherapy. J Clin
Oncol 1997;15:110–115.
Malingre M M, Beijnen J H and Schellens J H: Oral delivery of
taxanes. Investig New Drugs 2001;19:155–62.
Feng S S and Chien S: Chemotherapeutic engineering:
application and further development of chemical engineering
principles for chemotherapy of cancer and other diseases.
Chem Eng Sci 2003;58:4087–114.
Feng S S, Mu L, Win K Y and Huang G F: Nanocapsules of
biodegradable polymers for clinical administration of
Paclitaxel. Curr Med Chem 2004;11:413–24.
Ajani J A and Takiuchi H: Recent developments in oral
chemotherapy options for gastric carcinoma. Drugs
1999;58:85–90.
Nava-Arzaluz M G, Pinon Segundo E, Ganem Rondero
A, Lechuga Ballesteros D: Single emulsion-solvent evaporation
technique and modifications for the preparation of
pharmaceutical polymeric nanoparticles. Recent Pat Drug Deliv
Formul 2012; 6(3):209-23.

689

