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A B S T R A C T

The usage of 7-Ethyl-10-hydroxy-camptothecin (SN38) as the most biologically active member of camptothecin
family is restricted because of its poor solubility in pharmaceutical solvents. Polyamidoamine (PAMAM) den-
drimers, can be used as suitable drug delivery carrier for poorly water soluble molecules. In this study, we
prepared two cell penetrating peptides (BR2 and CyLoP1) conjugated formulations of PEGylated PAMAM con-
taining SN38. In vitro cytotoxicity and cellular uptake were investigated on murine colon carcinoma (C26) cell
line. Then in vivo antitumor efficacy and survival analysis were studied in C26 mice bearing tumor. Blood serum
level in different time points and biodistribution in major organs were determined using fluorometry. In vitro
evaluations revealed the IC50 range of 154.4–635 nM in two exposure times for all preparations that was much
lower compared to SN38 solution. Cellular uptake studies showed a time-dependent manner and higher values
for CPP conjugated dendrimers. In vivo results indicated survival improvements of all prepared formulations and
significantly better tumor growth inhibition of most CPP-conjugated formulations compared to Irinotecan.
Biodistribution studies confirmed higher tumor accumulations for most of formulations comparing to positive
control. In conclusion; prepared CPP-targeted dendrimeric formulations of SN38 exhibited efficient character-
istics in tumor inhibitory.

1. Introduction

Camptothecins (CPTs) are antineoplastic agents acting through DNA
topoisomerase-1 inhibition. They interfere with replication and tran-
scription processes of the cell cycle (Lu et al., 2016; Bala et al., 2013;
Herviou et al., 2016). 7-Ethyl-10-hydroxy-camptothecin (SN38) is the
active metabolite of irinotecan (CPT-11); one of the commercially
available camptothecin derivatives (Xuan et al., 2006). SN38 is up to
1000 fold more potent than the parent component against several
cancerous cell lines (Lu et al., 2016; Herviou et al., 2016) including
colorectal, ovarian, non-small-cell lung (Lu et al., 2016) gastric, cer-
vical, lymphoma (Xie et al., 2016) and breast (Bahadori et al., 1999)

cancers. As an anticancer agent, this impressive potency has attracted
scientific attentions (Bala et al., 2013; Xuan et al., 2006; Hsiang et al.,
1985).

From the most important limitations should be considered to
overcome in pharmaceutical formulations of SN38 we can point to poor
aqueous solubility (11–38 µg/ml), instability of lactone ring at phy-
siological pH (Lu et al., 2016; Xuan et al., 2006; Thakur et al., 2010)
and also its major side effects including diarrhea and neutropenia
(Herviou et al., 2016). As the other CPTs, the lactone ring of SN38
reversibly hydrolyzes in pH-dependent manner and the presence of α-
OH group at the C20 center facilitates the hydrolysis process (Thakur
et al., 2010). The open carboxylate form that prevails in alkaline
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environments is water soluble and has no therapeutic effects (Bala
et al., 2013; Mosallaei et al., 2016). Despite the chemical and phar-
macological challenges of SN38 delivery, efforts to develop an appro-
priate approach of delivery are in progress (Bala et al., 2013; Thakur
et al., 2010).

Most of the conventional chemotherapeutic agents lead to systemic
toxicity but could not lead to satisfactory cure rate because of their
nonspecifically distribution in the body. An ideal drug delivery system
should have the feature of overcoming these problems to reach best
desired response (Cheng et al., 2015).

Poly (amidoamine) (PAMAM) dendrimers are the first synthesized
and characterized family of dendrimers. They are highly branched
unique synthetic nanostructures that allow controlling the size, shape
and functional groups placement (Cheng et al., 2015; Esfand and
Tomalia, 2001; Xu et al., 2016; Martinez-Munoz et al., 2017; Nie et al.,
2016; Luong et al., 2016; Iacobazzi et al., 2017). They have the cap-
ability of molecule attachment by covalent bonding or physical ab-
sorbing on the surface and also the possibility of therapeutic agent
encapsulation in hydrophobic interior cavities (Cheng et al., 2015; Xu
et al., 2016; Martinez-Munoz et al., 2017; Luong et al., 2016; Iacobazzi
et al., 2017; Zarebkohan et al., 2015). Although the cationic PAMAMs
(NH2 terminated) demonstrated toxicity increasing with the genera-
tions (Xu et al., 2016; Bodewein et al., 2016), the anionic or neutral
ones (carboxylic acid or hydroxyl terminated) exhibited no or very low
toxicity. All of them show good stability and solubility in water
(Bodewein et al., 2016).

The surface charge of cationic PAMAM increases the risk of opso-
nization and clearance by reticulo-endothelial system (RES) (Cheng
et al., 2015; Luong et al., 2016; Opitz et al., 1828). To overcome this
problem polyethylene glycol (PEG) conjugation (as a non-immunogenic
and non-antigenic polymer) is the most widely used approach (Cheng
et al., 2015; Xu et al., 2016; Nie et al., 2016; Luong et al., 2016). PE-
Gylated dendrimers can experience longer circulation time; improved
solubility and minimized aggregation (Cheng et al., 2015; Nie et al.,
2016; Luong et al., 2016). Surface active amine groups provide the
capability of using specific targeting ligands and ease of targeting to the
interested location (Luong et al., 2016).

Cell penetrating peptides (CPPs) are short peptide sequences com-
prising of 3–30 amino acid residues with capability of transporting
molecules across the cell membrane (Shafiee et al., 2016). Anti-
microbial peptides (AMPs) are small cationic peptides without any toxic
effects on normal eukaryotic cells. Similar to cell penetrating peptides;
these peptides can induce membrane disruption or can form transient
pores on cell membrane to transport their cargo inside the cell (Shafiee
et al., 2016). Many AMPs have the ability to mimic CPPs and vice-versa.
These two groups of peptides with overlapping structural and func-
tional characters are calling membrane-active peptides (MAPs)
(Ponnappan et al., 1859). Dual nature of CPPs and AMPs are interesting
for drug delivery because they are capable of entering cancer cells but
not normal cells (Shafiee et al., 2016).

BR2 and CyLoP1 are antimicrobial peptides with different structural
characteristics. BR2 composed of 17 amino acid residues (Shafiee et al.,
2016) and CyLoP1 is a cysteine rich peptide with 10 amino acid se-
quence that its cysteine residues play an important role in cellular
uptake (Ponnappan et al., 1859). BR2 is a non-toxic cancer specific CPP
derived from buforin IIb. buforin IIb is an antimicrobial peptide with
potent CPP characteristics for cancerous cell lines that its high con-
centrations affect the viability of normal cells. Attempts to minimizing
cytotoxicity on normal cells while maintaining cancer cell specificity
led to finding of BR2 (Lim et al., 2013). CyLoP1 is derived from cro-
tamine which itself is extracted from the poison of the South American
rattlesnake Crotalus durissus terrificus (Jha et al., 2011). CyLoP1 re-
presented efficient cellular uptakes even at low micro-molar con-
centrations (Jha et al., 2011) and distributed uniformly in cytoplasm
and endosomes (Jha, 2009).

The objective of this study was to construct a targeted SN38 delivery

system using PAMAM dendrimer with reduced cytotoxicity by
PEGylation and increased targeting ability by CPP attachment. The final
nanoparticles were then evaluated in vitro and in vivo to determine the
therapeutic efficacy.

2. Material and methods

2.1. Materials

SN38 was purchased from AK Scientific (USA) and irinotecan as the
commercial product was supplied by local pharmacy (Irinotecan
100mg/ml, Actavis, Romania). Polyamidoamine (PAMAM) dendrimers
(Generation 4, with –NH2 end groups, ethylenediamine (EDA) core)
was prepared from Weihai CY Dendrimer Technology Company
(China). BR2 and CyLoP1 peptides were produced by Pepmic Company
(China). Polyethylene glycol monomethyl ether (mPEG,
MW=5000 Da), Epichlorhydrin, Pyridine, Sodium Succinate Dibasic
Hexahydrate (SSDH), 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenylte-
trazolium bromide (MTT), 2, 4, 6 trinitrobenzene sulfonic acid (TNBS),
N-hydroxysuccinimide (NHS) and 1-ethyl-3-[3-dimethylaminopropyl]
carbodiimide hydrochloride (EDC) were purchased from Sigma–Aldrich
Chemical Company (Germany). Methanol and Acetonitrile HPLC grade
were obtained from Duksun pure chemicals company (Korea).
Regenerated cellulose (RC) dialysis membrane with molecular weight
cut-off of 12000 Da was obtained from Merck Research Laboratories
(Millipore, Germany).

2.2. Standard curve by HPLC method

SN38 concentration range of 0.125–125 µg/ml was determined by
HPLC-UV/Vis method at 265 nm. Samples were chromatographed
through a 4.6mm×250mm reverse phase stainless steel C18 column
(Knauer, Germany). Mobile phase consisted of NaH2PO4 (25mM,
pH=3.1): acetonitrile (50:50 v/v %) and pH was adjusted using HCl
1.0 N. The flow rate considered as 1.0 ml/min at 40 °C and the volume
of each injection was 20 µl. Standard solutions were diluted in HPLC-
grade methanol (Xuan et al., 2006; Mosallaei et al., 2016). The fol-
lowing calibration curve was obtained.

2.3. Pegylation of PAMAM dendrimer

Epichlorohydrin was used as a cross-linking agent between PEG
5000 Da and G4 PAMAM. The linkage of epichlorhydrin to PEG
5000 Da was done in the presence of K2CO3 and pyridine (Khambete
et al., 2010). For this purpose PEG (1gr, 0.2mmol) was dissolved in
methanol (50ml) using water bath at 40 °C. K2CO3 (55.28 mg,
0.4 mmol), pyridine (32.22 µl, 0.4 mmol) and epichlorhydrin (31.36 µl,
0.4 mmol) were added respectively to the above solution. This mixture
was stirring for 72 h in dark and under an inert atmosphere of argon or
nitrogen.

For next step the activated PEG and PAMAM were adjacent by the
molar ratio of 16:1 in methanol solution under the same circumstances
for 48 h. The final solution containing pegylated PAMAM dialysed
against distilled water to remove excess reagents and freeze dried to
achieve a dry powder. Characterization was done using IR spectrum.

2.4. CPP conjugation to PEGylated PAMAM

For activation of the carboxylic acid groups of peptides; peptide
(BR2 or CyLoP1), EDC and NHS were adjacent in molar ratio of
1:1.2:1.2 in deionized water solution on shaker incubator in dark (for
30min at 25 °C). Then the solution was added dropwise to water so-
lution of PEGylated or non-PEGylated PAMAM and placed on shaker
incubator again in dark (for 50min at 25 °C). Dialysis of final product
was done against water for 72 h and then freeze dried to gain a dry
powder. IR spectrum was used to confirm the conjugation.
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2.5. TNBS test

The primary amine content of modified G4 PAMAMs was evaluated
using quantification of accessible primary amines by coupling with 2, 4,
6 trinitrobenzene sulfonic acid (TNBS). Briefly, a water solution of G4
PAMAM (1mg/ml) was diluted to a concentration series of 0.5, 1, 2, 4,
8 and 16 µg/100ml and the water solution of modified G4 PAMAMs
(1mg/ml) diluted to concentrations of 2 and 4 µg/100ml in borate
buffer. 100 µl of different concentrations of standard (G4 PAMAM) and
samples (modified G4 PAMAMs) and also control (borate buffer) was
added to 96- well plate (5 repeat of each). Then 2.5 µl of 8.75mg/ml
TNBS solution was added to each well and the UV absorbance of this
solution was recorded at 405 nm (Oskuee et al., 2017).

2.6. Hemolytic activity

Erythrocytes isolated from Fresh human blood were washed in
phosphate-buffered saline (four times using centrifugation at 800 g for
10min at 4 °C). The resulting erythrocyte pellet was then diluted ten-
fold in 150mM NaCl. Unmodified and modified PAMAMs were serially
diluted in 150 μl of the HEPES-buffered saline per well in a V-bottom
96-well plate (triplicate of each concentration). Resulting PAMAM
concentrations were in the range of 0.25–1.0 mg/ml. Control wells
contained 1%Triton-X-100 in 150 µl buffer. Each well received 20 µl of
erythrocyte suspension and the plates were incubated at 37 °C for
45min under constant shaking. After 10min centrifugation at 2200
r.p.m. (800×g), hemoglobin release was analyzed in 70 μl of super-
natant at 405 nm using a microplate plate reader (Oskuee et al., 2009).

2.7. Drug loading

The modified PAMAMs and SN38 (1:2 W/W) were dissolved in
methanol and stirred for 48 h. Drug loading was the result of internal
cavity entrapment or surface electrostatic interactions. Then methanol
evaporated using rotary evaporator and sterile solution of sucrose 10%-
SSDH 10mM (pH 4.5) was replaced as solvent. Centrifugation was done
to precipitate unloaded SN38 powder. SN38 concentration in super-
natant was determined by HPLC method described before.

2.8. Size and zeta potential measurement

A solution composed of 100 µl SN38 samples and 900 µl deionized
water was prepared. Size and zeta potential then analyzed using
Malvern zetasizer Nano ZS based on dynamic light scattering (DLS)
method.

2.9. Release test

SN38 (100 µg) in 2ml of different formulations dialyzed against
150ml PBS pH 7.4 for 48 h in shaker incubator (37 °C, 150 rpm). 1, 3, 6,
8, 12, 24 and 48 h afterwards 500 µl of external buffer removed and
replaced with fresh buffer. Samples were evaluated using fluorometry
in excitation and emission wavelength of 379 and 531 nm. Standard
curve was developed for the concentration range of 0.05–1 µg/ml (Chen
et al., 2017).

2.10. In vitro cytotoxicity

The cytotoxicity of modified and unmodified vectors containing
SN38 was tested on C-26, MCF-7 and A2780 cell lines using the MTT
assay (Mosallaei et al., 2016). The toxicity was also compared to SN38
solution in 1% DMSO. Cancerous cells were cultured in RPMI1640
supplemented with 10% heat inactivated FBS, 100 units/ml penicillin,
100 µg/ml streptomycin, and 0.25 µg/ml amphotericin B. Cells were
seeded at density of 5000 viable cell/well in 96- well plate and in-
cubated for 24 h at 37 °C under 5% CO2 until surface adhesion

occurred. A concentration series (78.125, 156.25, 312.5, 625 and
2500 nM) of different PAMAM formulation containing SN38 (G4
PAMAM- SN38, PEG-G4 PAMAM-SN38, BR2- G4 PAMAM- SN38,
CyLoP1- G4 PAMAM- SN38, PEG-BR2- G4 PAMAM- SN38 and PEG-
CyLoP1- G4 PAMAM- SN38), blank formulations (all six formulations
with-out drug loading) and SN38 solution in DMSO 1% (DMSO 1% v/v
in sterile PBS) were provided in cell culture media and added to 96-
well plate in triplicate of each concentration and different plates for
each time point. Samples were added in volumes of 200 µl per well.
After 3 and 6 h of incubation, cell culture media removed and 180 µl of
fresh media and 20 µl of MTT solution (5mg/ml PBS) replaced in each
well and incubated for 4 h until the purple color of formazan crystals
appeared in mitochondria. Then the medium of each well removed and
200 µl DMSO replaced to dissolve the cells and their contents. Absor-
bance of this solution was measured in 570 nm by a microplate reader
(Epoch microplate reader, BioTek, USA). Untreated cells were con-
sidered as control with 100% viability and wells without addition of
MTT were used as blank. Cell viability was calculated using the fol-
lowing formula:

=

×

Viability(%)

(Absorbance of each well/Average of absorbance of untreated wells)

100

Finally,

IC50 of each sample was calculated using viability percent and CalcuSyn 2

software.

Finally, IC50 of each sample was calculated using viability percent
and CalcuSyn 2 software.

2.11. Cellular uptake

C-26 cells were seeded in 24-well plates at density of 106cells/ml/
well and incubated for 12 h until surface attachment occurred. After
removing cell culture media, cold PBS was used for washing and
eliminating any floating or dead cells, all SN38 containing formulations
diluted in cell culture media were added to wells in concentration of
100 µg/ml and incubated for 3 and 6 h at 37 °C and under 5% CO2 gas.
At the end of each incubation time point, cells in considered plate were
washed three times with ice-cold PBS to ensure not remaining any SN38
on the surface of cells. Then 200 µl trypsin was added to each well and
incubated for 15min to detach the cells. After that, 800 µl methanol
was added to each well and plates were shaken for 3min. plates were
kept at 4 °C for 48 h, in order to ensure all SN38 dissolved in methanol.
Then the content of each well was vortexed for 1min and centrifuged at
4 °C for 10min by 1000 g. Finally, the supernatant was assayed using
HPLC method as mentioned above (Mosallaei et al., 2016).

2.12. In vivo tumor inhibitory

Four to five week old female BALB/c mice were purchased from the
Animal Center of Pasteur Institute (Tehran, Iran), and maintained under
standard conditions. The protocols of animal study were approved by
the Animal Ethics Committee in Mashhad University of Medical
Sciences (MUMS).

Female BALB/c mice were shaved and C-26 cells (3× 105 cells in
50 µl PBS) were injected subcutaneously on the right hind flank. They
were between 4 and 5weeks of age and weighed 12–17 g. Eight days
after cell inoculation, when tumor became palpable (around the volume
of 50mm3), mice were randomly distributed into 14 treatment groups.
All doses were administered in approximately 200 µl of solution via tail
vein injection. SN38 loaded formulations were injected at doses of 1
and 5mg/kg. Irinotecan was administered at dose of 25mg/kg and
dextrose 5% was used as control. The day of injection was considered as
day 8 and tumor volume measurement and weighing animals were
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done every other day. The tumor volume was determined by three di-
mension measurements with digital vernier calipers using the formula:
(length _ width _ height)/2. According to the protocol, mice were re-
moved from the study in one of these situations: (i) 15% weight loss
from the first day of treatment, (ii) any tumor dimension became more
than 20mm, (iii) tumor volume of more than 1000mm3 or (iѵ) the
death of the mice. The study was continued until 60 days after the IV
administration of formulations (Mosallaei et al., 2016; Hanafi-Bojd
et al., 2015; Riviere et al., 2011).

2.13. Biodistribution study

Twelve days after tumor inoculation, when the tumors had ap-
proximately 5mm wide, mice (3 per group) were injected via the tail
vain with either 5mg/kg of SN38 in different formulations and 25mg/
Kg of commercial irinotecan formulation (as positive control) and
200 µl of dextrose 5% (as negative control). Blood samples were col-
lected via retro orbital bleeding (approx. 0.5 ml) 1 and 3 h after injec-
tion; at 24 h, groups were sacrificed for tissue collection and blood
sample was collected by heart puncture. Prior to euthanasia, ketamine-
xylazine cocktail by intraperitoneal injection was used to mice an-
esthesia. The whole tumor, one of kidneys, spleen, heart, as well as a
portion of liver and lung were dissected, weighted and placed in a 2ml
polypropylene microvials (BioSpec, Oklahoma, USA) containing 1ml of
water:methanol (20:80 containing 1% formic acid) and zirconia beads
and homogenized by Mini-Beadbeater-1 (BioSpec, Oklahoma, USA).
The homogenized tissue samples were stored at 4 °C overnight to ex-
tract the drug. The blood samples were collected in CBC tube and then
centrifuged for 10min at 5000 rpm as well as tissue homogenates.
Acidified methanolic solvent was added in equal volume as that of the
supernatant to precipitate the unwanted proteins and was centrifuged
thereafter again for 10min at 5000 g. The resulted supernatant was
then assayed for quantification of SN38 by spectrofluorophotometry
(Shimadzu RF-6000, Japan) at excitation and emission wavelengths of
379 nm and 531 nm, respectively. Calibration curve of SN38 from five
different concentrations in a range of 0.012–0.1mg/ml were obtained
from serial dilutions of SN38 in the tissue and plasma extracts of the
control mice (Sepehri et al., 2014; Amin et al., 2013; Huang et al.,
2009).

2.14. Animal imaging

Twelve days post-tumor implantation, when the tumors had ap-
proximately 5mm wide, 2 mice were injected via the tail vain with
5mg/kg of SN38 in dendrimeric formulation of CyLoP1-PEG-G4 and
25mg/Kg of commercial Irinotecan formulation. In order to more
clearly show the distribution of formulations, mice were sacrificed by
cervical dislocation and major organs including heart, liver, spleen,
lung, kidneys and tumor were excised at 4 h after dosing for ex vivo
evaluation. (KODAK In-Vivo Imaging System F Pro, Japan) with the
excitation at 390 nm and the emission at 535 nm was used to take the
fluorescent images and the relative intensity was quantified by
Carestream® Molecular imaging software (Kodak Inc., Japan).

2.15. Statistical analysis

Statistical analyses were performed using GraphPad Instat version
3. Survival data was analyzed by the log-rank test on GraphPad Prism
and the other statistical comparisons was done through one way
ANOVA and Tukey-kramer multiple comparisons test.

3. Results and discussion

Evaluations of this study showed SN38 solubility improvements in
the presence of G4 PAMAM dendrimer. The effect of desired surface
modifications (PEGylation and CPP conjugation) was evaluated on ef-
ficacy. Finally statistical analysis suggested better effectiveness of pre-
pared formulations compared to positive control.

3.1. PEGylation of PAMAM dendrimer

Surface modification is one of the most important approaches to
reduce the cytotoxicity and hemotoxicity of PAMAM dendrimers
(Luong et al., 2016). Among different kinds of surface modifications,
PEGylation was chosen as the easiest and the most effective approach.

The attachments of epichlorhydrin to PEG Molecule and then pro-
duct (activated PEG) to PAMAM dendrimer were confirmed by FTIR
spectrums (Figs. 1–4 in supplementary data). The comparison of PEG
and the activated PEG FTIR spectrums revealed that C-O peak on 1150
and 1061 cm−1 translocated to 1147 and 1059 cm−1 on product spec-
trum. Also the peaks on 600–800 cm−1 area confirmed the presence of
epoxy groups in product structure.

Fig. 1. Hemolytic activity of G4 PAMAM and modified G4 PAMAMs.
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The peak on 3285 cm−1 of PAMAM FTIR spectrum was related to
NH2 groups. Its translocation to 3437 cm−1 and changes in area under
the curve confirmed the validity of PEGylation.

3.2. CPP conjugation to PEGylated PAMAM

FTIR spectra also confirmed the conjugation of BR2 and CyLoP1 to
PEGylated PAMAM (Figs. 5-8 in supplementary data). After forming the
amide bond between carboxyl groups of peptides and amine groups of
PAMAM; peaks on 3279 cm−1 (for CyLoP1) and 3340 cm−1 (for BR2)
translocated to 3437 cm−1 along with changes in area under the curve.

3.3. TNBS test

TNBS assay was done to determine the percentage of intact primary
amines of the modified PAMAMs and the coverage percent of primary
amines with different substituents. As summarized in Table 1, we could
determine the degree of PEG substitution on amine surface groups but

CPP conjugation percent on PEGylated and non-PEGylated PAMAMs
was not determined. It was indicated that the achievable degrees of PEG
substitution were in the range of 17.25–21.81mol percent, which is
lower than the calculated values based on the initial molar ratios. As we
know the generation 4 of PAMAM dendrimer have 64 surface primary
amine groups. According to these results we had about 12 PEG mole-
cules on the surface of each PAMAM molecule. Zhu et al. also estimated
12.9 conjugated PEG molecules on each generation 4 PAMAM den-
drimer when they used the same molar ratio (16:1) of PEG 5000 Da to
PAMAM (Zhu et al., 2010).

3.4. Hemolytic activity

Hemolysis caused by PAMAM dendrimer is due to the interaction of
its surface free cationic terminal amine groups with red blood cell
(RBC) membrane. To evaluate the membrane destabilizing activity of
intact and modified G4 PAMAM at neutral pH, their lytic activity was
measured on erythrocytes (Fig. 1). PEGylation of G4 PAMAM reduced

Fig. 2. In vitro release profile of SN38 from different dendrimeric formulations in PBS pH 7.4.

Fig. 3. In vitro cellular uptake studies of SN-38 in C-26 cell line after 3 and 6 h exposure to different formulation and SN38 solution (SN38 in DMSO 1% in Sterile PBS)
100 µg/ml (Mean ± SD, n=3).
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lytic activity but CPP modification increased hemolytic activity because
of increased cationic charge. Previous studies have reported haemolytic
activity reduction of polycations following charge reduction or hydro-
phobic modifications (Malik et al., 2000; Brownlie et al., 2004). He-
molysis caused by different synthesized vectors in concentrations op-
timized for in vivo section was in the range of 3–22% and increased by
increasing in concentration. The presence of glycolipids and some
proteins cause a net negative charge on the surface of a normal ery-
throcyte so that their electrostatic repulsion prevents their aggregation
or adhesion to blood vessel walls. Presence of cationic charged PA-
MAMs in blood acts as cross linking agent through electrostatic at-
tractions and produces erythrocyte aggregates (Domański et al., 2004).

Bhadra et al. used G4 PAMAM dendrimer for the delivery of 5-FU as
an anticancer agent. They reported 15.3–17.3% hemolytic toxicity for
G4 PAMAM (Bhadra et al., 2005). In another study G4 PAMAM den-
drimer showed up to 18% cell lysis and this level of hemolysis was

related to the dendrimer concentration (Asthana et al., 2005). It is
suggested that increasing in the overall positive charge induces higher
levels of hemolytic toxicity (Malik et al., 2000). Domanski et al. also
demonstrated that RBC hemolytic activity in different G4 PAMAM
concentrations, and this hemolytic activity is proportionally related to
dendrimer concentration (Domański et al., 2004). As it is presented in
Table 2, PEGylation increased hemolytic IC50 of G4 PAMAM dendrimer
from 0.8823mg/ml to 2.6850mg/ml because of created steric hin-
drance while non-PEGylated G4 PAMAM induced the lysis effects
through cell surface interactions. Non-PEGylated CPP conjugated den-
drimers showed the lowest IC50; probably due to their higher cell en-
trance ability.

3.5. Drug loading

Encapsulation efficiency of synthesized vectors was evaluated using

Fig. 4. In vivo therapeutic efficacy of various dendrimer formulations in female BALB/c mice bearing C-26 colon carcinoma tumor after i.v. administration of a single
dose of 1 and 5mg/kg of different SN38 formulations, 25mg/Kg of Irinotecan and dextrose 5% on day 8 after tumor inoculation. (A) Tumor growth rate, (B) survival
curve and (C) percentage change in animal body weight. Data represented as mean ± SE (n= 5).
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developed HPLC method. Drug loading efficiency was low for all for-
mulations but it was higher for non-PEGylated formulations compared
to PEGylated ones. Results are summarized in Table 3.

As mentioned before limited solubility in pharmaceutical solvents
causes many challenges in achieving an efficient formulation for SN38
delivery to cancerous tissues. In current study, SN38 and PAMAM dis-
persed in methanol solution and stirred to have enough time to form
different kinds of surface or internal cavity interactions. G4 PAMAM
has the surface functionality of primary amine groups (n= 64) with a
pKa of about 8–9 and 62 interior tertiary amines (pKa of 3–6). These
functional groups prepare the potential of accepting molecular guests
including small molecule drugs via electrostatic interactions, hydrogen
bonding or hydrophobic interactions (Sadekar et al., 2013). Intensity
and number of these interactions depend on variety of factors such as
PAMAM core and generation, drug ratio and its physicochemical
properties and also environment pH (D'emanuele A, Attwood D., 2005;
Gupta et al., 2006).

SN38 has a molecular weight of 392.4 g/mol, a pKa of 2.01 in room
temperature (Bala et al., 2013). The lactone ring of this molecule hy-
drolyzes around pH 7 (Fassberg and Stella, 1992) and forms the more
soluble open carboxylate form of drug with no therapeutic effects. Boyd
et al. reported that the best pH and temperature for the highest stability
of SN38 lactone form were 5.0 and 4 °C respectively (Boyd et al., 2001).
Since the pH around the tumor tissue is almost 5.5, SN38 molecule
could be in lactone form around target cells (Møller et al., 2010).

In order to achieve the therapeutically active lactone form of drug, a
buffered solution of sucrose 10%-SSDH 10mM (pH 4.5) replaced after
methanol evaporation. In this pH value, the hydroxyl group of SN38 is
ionized but majority of primary nitrogen atoms will be unionized di-
minishing electrostatic interactions on the surface of PAMAM. So de-
spite internal cavities encapsulation attributed to hydrophobic or hy-
drogen bonds (Hu et al., 2009; Markowicz et al., 2012), drug loading
percent was low. Previous studies also reported the solubilization po-
tential decrease of cationic dendrimers for anionic molecules following
the pH fall (Hu et al., 2009; Hu et al., 2008; Huang et al., 2011; Pistolis
and Malliaris, 2002).

3.6. Size and zeta potential

As it is presented in Table 4; CPP conjugation on the surface of

intact PAMAM induced slight size increase but PEGylation increased
particle size from 4.38 nm to 16.73 nm. A previous study demonstrated
that using the ratio of 16:1 for PEG 5 KDa on the surface of G4 PAMAM
dendrimer produces particles in the size of 22 nm (Lee and Larson,
2011) but another evaluation in the same ratio induced a particle size of
11.74 nm (Zhu et al., 2010).

CPP conjugation on PEGylated PAMAM surface made a size increase
of about 2–3 nm. Since this attachment occurs on functional amine
groups of PAMAM, no particle size changing is expected. It is men-
tioned that in the case of no other surface functionalization, linear PEG
molecule partly folds into PAMAM cavities. Making other functionality
such peptide conjugation reduces the probability of PEG folding and
size would become higher (Li et al., 2014). Zeta potential was measured
after electrostatic attachment of SN38 to the vectors, so that the dif-
ferences are not related to dendrimer surface modifications.

3.7. Release test

Evaluating release profile in PBS pH 7.4 over 48 h revealed a range
of 6.5–9% and 9–15% drug release for PEGylated and non-PEGylated
formulations respectively (Fig. 2). Protonated and deprotonated struc-
ture of SN38 are in equilibrium at pH 7.4. In acidic environments this
equilibrium will shift towards protonated form thus eliminating elec-
trostatic interactions between SN38 and dendrimer leads to drug re-
lease. A similar study demonstrated this kind of rapid drug release in
acidic environment (Kolhatkar et al., 2008). It is also suggested that
drug release is controlled by molecular structure and peripheral chains
(Bhadra et al., 2003; Kojima et al., 2000; Dhanikula and Hildgen,
2007). Results of this investigation revealed lower drug release of PE-
Gylated formulation compared to non-PEGylated ones. Presumably
PEGylation has been reduced drug release through physical hindrance.

3.8. Cytotoxicity assay

The viability of cells, after 3 and 6 h exposure to drug loaded par-
ticles was between 17 and 78% and 15–68% respectively (Fig. 9 in
supplementary data). These values were between 43 and 90% and
31–85% respectively for vectors alone (Fig. 10 in supplementary data).
Analytical studies showed that all new prepared formulations of SN38
in all concentrations even at the lowest one and in both exposure times

Fig. 5. Biodistribution of different formulations in organs including Serum (A), Liver (B1), Kidney (B2), Spleen (B3), Lung (B4) and tumor (B5) in BALB/c mice
bearing C-26 tumor after a single dose (5mg/kg of SN38 formulation and 25mg/Kg of Irinotecan) administered i.v. on day 12 after the tumor inoculation. Panels C
represents ratio of SN38 concentration in different tissues to serum at 24 h after i.v. administration. Data expressed as mean ± SD (n=3).
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Fig. 5. (continued)

A. Mahmoudi, et al. International Journal of Pharmaceutics 564 (2019) 77–89

84



indicated significantly higher cellular toxicity compared to SN38 solu-
tion (in most cases p < 0.001). The differences between toxicity in-
duced at 3 and 6 h of exposure were not significant at any concentration
for unmodified G4 PAMAM. SN38 solution cell viability did not show
time dependent manner except at the concentration of 625 nM. Also the
differences between its various concentrations were not significant
except for 78 and 2500 nM. At 2500 nM, CPP (BR2 and CyLoP1) con-
jugated PAMAMs showed significantly higher toxicity at 6 h compared
to 3 h.

3.8.1. After 3 h
PEGylated and CPP conjugated PAMAMs were significantly more

toxic than all other formulations at the concentration of 2500 nM and
more toxic than PEGylated PAMAM at the concentration of 312 nM. At
lower concentrations (156.25 and 78.125 nM) only non-PEGylated BR2
conjugated PAMAM showed lower cell viability than G4 PAMAM and
PEGylated G4 PAMAM.

3.8.2. After 6 h
CPP conjugated PAMAMs had more significant cytotoxicity com-

pared to the other SN38 loaded formulations.
Although all CPP conjugated PAMAMs showed significantly higher

toxicity in most concentrations of two exposure times, it seems both
PEGylation and CPP conjugation on PAMAM surface induced higher
levels of cytotoxicity. Each of these modifications (PEGylation or CPP
conjugation) leads to higher toxicity in exposure time of 6 h but using
both of them simultaneously, accelerated toxicity induction at 3 h of
exposure. As we know CPP improves the entrance of nanoparticle to
cells but PEG makes the surface of dendrimer hydrophobic and in-
creases the particle size. Increasing the particle size increases interac-
tions on absorption surface and likely involves different endocytic
pathways to helps better drug delivery into the cells.

Studies on Caco-2 cell line introduced endocytosis as the main
mechanism of cell entrance and intracellular trafficking for anionic and
cationic PAMAM dendrimers (El-Sayed et al., 2003; Kitchens et al.,
2007). Probably the complex of SN38 and PAMAM dendrimer also uses

Fig. 5. (continued)

Fig. 6. In vivo fluorescent animal imaging of segregated organs 4 h after i.v. administration of CyLoP1-PEG-G4 : SN38 5mg/Kg (A) and Irinotecan 25mg/Kg (B).
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the same pathway and enters the lysosome acidic environment inside
the cell (Kolhatkar et al., 2008). Considering the endocytosis as the
main cellular uptake mechanism, the active lactone form of SN38 will
dominate in lysosomal pH and we would have a rapid release of SN38
in acidic environment. Just before SN38 can act on its target (nuclear
topoisomerase I), this rapid drug release would play an important role
(Kolhatkar et al., 2008).

Free SN38 did not form a clear solution because of its poor solubility
in acceptable pharmaceutical solvents. SN38 works through the S phase
of cell cycle and inhibits topoisomerase I (Mayer et al., 2006). As the
doubling time of C-26 happens on 1.7 day (Corbett et al., 1975), it
would be possible that changes in the first 24 h will not be significant
for free SN38 solution because the cells had not experienced the S phase
yet. But dendrimeric formulations could successfully interfere with
plasma membrane to enter the cell. This procedure has been facilitated
in the presence of BR2 and CyLoP1 as cell penetrating peptides (Shafiee
et al., 2016).

As mentioned before SN38 molecular structure is not stable at pH
7.4 because at this pH, lactone ring hydrolyzes and SN38 will be con-
verted to open ring carboxylate form which is pharmaceutically in-
active (Ramesh et al., 2010; Sano et al., 2003). Cytotoxic results ob-
served in MTT assay were due to acidic buffered formulation that
stabilizes the lactone form of SN38.

Other studies revealed that interactions between any cationic ma-
terial and cellular membrane could cause nanoscale pores in the
membranes and lead to cell lysis. These studies suggested similar out-
comes when performed in both biological membrane models and
membranes of living cells (Luong et al., 2016). Tajarobi et al. studied
the penetrance ability of PAMAMs and they reported that the size of
PAMAM dendrimers and the effect of their surface groups on the reg-
ulation of cell membrane determines permeability of dendrimers sig-
nificantly (Tajarobi et al., 2001). Other studies on G7 PAMAM den-
drimers showed creation of the nanoscale holes on cellular membranes
with diameter of 15–40 nm (Hong et al., 2004). In conclusion, posi-
tively charged PAMAM dendrimers interact with negatively charged
lipids of membrane bilayer through electrostatic interactions. This in-
teraction leads to biological-membrane disruption and causes cell lysis
by creation of nanoscale holes in membrane, thinning and/or eroding of
this barrier (Luong et al., 2016). Other studies demonstrated a linear
correlation between the number of free amine groups and cytotoxicity
of amine terminated PAMAMs. So that electrostatic drug conjugation
can reduce cellular toxicity induced by vectors while their transe-
pithelial permeability would not be affected (Kolhatkar et al., 2008).

Based on MTT results, IC50 was calculated for C26 cell line while
they were exposed to all dendrimer formulations and SN38 solution. It
can be observed that IC50 for dendrimer formulation of SN38 was
significantly lower than SN38 solution when C-26 cell line was treated
(Table 5).

3.9. Cellular uptake

HPLC method was used to detect and evaluate drugs level in viable
cells. As it is described in Fig. 3 SN38 cellular uptake induced by most
CPP conjugated dendrimers was significantly higher than SN38 loaded
PEG- G4 PAMAM and G4 PAMAM after 3 h but at the same time the
differences between CPP conjugated ones were not significant. After 6 h
drug levels in cells treated by unmodified PAMAM and PEGylated
PAMAM is significantly higher than the SN38 concentration in cells
treated by CPP conjugated PAMAMs and SN38 solution. Regarding MTT
results (significantly lower viability at 6 h comparing to 3 h for CPP
conjugated PAMAMs), it seems that the reason of reduced cellular up-
take after 6 h is related to eliminating killed cancer cells after absorp-
tion of SN38 delivered by CPP conjugated dendrimers. Previously,
Mosallaei et al. also reported cellular uptake reduction in higher ex-
posure time compared to lower exposure times of SN38 loaded solid
lipid nanoparticles (Mosallaei et al., 2016). Because of the doubling
time of C26 cell line (1.7 day) cellular uptake of SN38 solution was low
after both 3 and 6 h of exposure. G4-SN38 had extremely significantly

Table 1
Degree of primary amine substitution of modified PAMAMs estimated by TNBS assay.

Samples Concentration (µg/100 ml) Initial reaction mole % Calculated % of primary amine substitution

PEG-G4 (16:1) 2 25 17.25
PEG-G4 (16:1) 4 25 21.81

Table 2
IC50 of hemoglobin release from erythrocyte cells (based on G4
PAMAM concentrations).

IC50 (mg/ml) Samples

0.8823 G4
2.685 PEG-G4 (16:1)
0.4969 BR2- G4
0.7713 CyLoP1-G4
0.9621 PEG- G4(16:1)-BR2
0.8429 PEG- G4(16:1)-CyLoP1

Table 3
Drug loading amount in different synthesized carriers.

Samples SN38 Concentration (µg/
ml)

Entrapment efficiency
(%)

G4 : SN38 477 4.77
PEG-G4 (16:1) : SN38 211 2.11
BR2- G4 : SN38 439.5 4.39
CyLoP1-G4 : SN38 615.5 6.15
PEG- G4(16:1)-BR2 : SN38 276 2.76
PEG- G4(16:1)-CyLoP1 :

SN38
303 3.03

Table 4
Size and zeta potential of nanoparticles.

Sample Size (nm) Zeta potential (mV)

G4:SN38 4.38 ± 0.29 3.87 ± 0.13
PEG-G4 (16:1):SN38 16.73 ± 0.53 2.36 ± 0.21
BR2- G4:SN38 5.43 ± 0.09 4.25 ± 0.08
CyLoP1-G4:SN38 5.78 ± 0.41 3.12 ± 0.04
PEG- G4(16:1)-BR2:SN38 19.02 ± 0.70 1.03 ± 0.11
PEG- G4(16:1)-CyLoP1:SN38 17.90 ± 0.61 2.97 ± 0.06

Table 5
IC50 (nM) of different formulations on C-26 cell line after 3 and 6 h exposure.

Exposure times Samples IC50(nM)

3 h 6 h

G4 : SN38 371.1 291.6
PEG-G4 (16:1) : SN38 635 317.7
BR2- G4 : SN38 229.4 154.4
CyLoP1-G4 : SN38 291.1 202.6
PEG- G4(16:1)-BR2 : SN38 294.2 163
PEG- G4(16:1)-CyLoP1 : SN38 322.8 241.3
Sol-SN38 14,243 11,102
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higher uptake than PEG-G4-SN38 at 6 h (P < 0.001). The reason can
be more positive charge of non-PEGylated formulation which results in
higher interaction with the negatively charged cellular bilayer (Luong
et al., 2016).

3.10. Chemotherapy study

Therapeutic efficacy of CPP targeted and non-targeted SN38 loaded
dendrimers were evaluated in murine C-26 colon carcinoma tumor
model. The tumor growth rate is depicted in Fig. 4A in terms of mean
tumor size of each group (mm3) and the trend of animal weight
changes is provided in Fig. 4C. The survival results in Kaplan–Meier
plot are represented in Fig. 4B. Increased life span (%ILS) and median
survival time (MST) as well as time to reach end point (TTE) and tumor
growth delay (%TGD) for each treatment group are summarized in
Table 6.

Irinotecan was chosen as positive control because it is the only
commercial antineoplastic agent could be converted to SN38 in vivo (Hu
et al., 2009) and was administered at the dose of 25mg/Kg which is
lower than its maximum tolerated dose (MTD) (Riviere et al., 2011).
There were not statistically significant differences among the tumor size
of mice in all various treatment and control groups at the day of ad-
ministration (day 8). Two days after administration CPP targeted
groups (BR2-G4, CyLoP1-G4, BR2-PEG-G4 and CyLoP1-PEG-G4) and
Irinotecan showed statistically significant differences in comparison
with the group received DW 5%.

Although differences between all treatment groups (including SN38
loaded preparations and Irinotecan) and DW 5% was significant at the
day 14, but this difference was more significant for SN38 loaded CPP
targeted groups (P < 0.001). The p-value of comparison between
Irinotecan and DW 5% was<0.01 at the day 14. At the day 16, sta-
tistical analysis revealed extremely significant differences between all
treatment groups (SN38 loaded and Irinotecan) and DW 5%
(p < 0.001). The Significant analytical difference of SN38 loaded
dendrimer formulations and Irinotecan started at the day 22 from some
CPP targeted formulations (BR2 1mg/Kg, BR2 5mg/Kg, CyLoP1 5mg/
Kg and PEG-CyLoP1 5mg/Kg) (p < 0.05). From the day 24 to the end
of this study the differences between Irinotecan and all CPP targeted
formulations of the dose 5mg/Kg and also the difference between
Irinotecan and BR2-G4 in the dose of 1mg/Kg was statistically sig-
nificant. The other defined formulations could not induce a significantly
better tumor inhibition effect compared to Irinotecan as positive con-
trol. At the end of this study, evaluating the efficacy of two different
doses of SN38 indicated that BR2-G4 and CyLoP1-PEG-G4 in the dose of
5mg/Kg induced significantly better therapeutic efficacy in comparison

with some preparations in dose 1mg/Kg.
Results obtained from survival follow up in this study showed that

all new prepared dendrimeric formulations of SN38 improved the life
span of mice bearing C26 tumor compared to Irinotecan. Since the
Irinotecan dose of 25mg/kg is much less than its MTD reported by
Riviere et al. (50mg/Kg in multiple dose protocol) (Riviere et al.,
2011), so the survival deficiency in group that received irinotecan
would not be related to irinotecan toxicity and may be the actual reason
was tumor progression.

Enhanced permeation and retention (EPR) effect is the reason for
accumulation of nanoparticles below 200 nm inside the tumor (Maeda
et al., 2000). The enhanced toxicity of SN38 loaded CPP conjugated
PAMAM dendrimers that resulted to better inhibition of C-26 tumor
should be a reason of: (i) small sized particles that improves in-
tatumoral permeation, (ii) positive surface charge of PAMAM den-
drimer which induces better cell entrance by membrane disruption, and
(iii) specific affinity of BR2 and CyLoP1 to cancerous cells that causes
targeted drug delivery. Tumor vasculature with endothelial fenestra-
tions accelerates eliminating nanoparticles from tumor location and
surrounding tissues so that decreases the residence time in target site
(Ngoune et al., 2016). Considering this issue, better tumor growth in-
hibition induced by CPP conjugated formulations would be a result of
targeted drug delivery mechanisms and attachment to cell surface re-
ceptors that improves residence time in tumor area.

CyLoP1 as an effective CPP and vector for drug delivery into
mammalian cells (Ponnappan et al., 1859) and BR2 as a cancer specific
cell penetrating peptide (Shafiee et al., 2016) were introduced to be
candidate for drug delivery to cancerous cells. Previous studies on HeLa
cells indicated a partial energy-dependent kind of transportation me-
chanisms into the cells for CyLoP1 (Ponnappan et al., 1859). The ability
of cysteine to form disulfide linkages has an important role in cell pe-
netrating (Jha et al., 2011; Wanniarachchi et al., 2011). BR2 has been
derived from diphtheria toxin and showed cell line dependent efficacy.
This can be attributed to different membrane targeted sites on different
cancer cell lines (Shafiee et al., 2016).

Assessments on animal weight monitoring revealed no dose-de-
pendent pattern. Despite significant weight gain of the mice in G4
1mg/Kg, PEG-G4 1mg/Kg and BR2 5mg/Kg groups compared to
DW5% and Irinotecan groups in duration between the day 13 and 32; at
the end of study this difference between experimental and control
groups was not statistically significant. According to statistical eva-
luations it seems that 1mg/Kg dose of G4 formulation could have better
weight gain comparing most other SN38 loaded formulations in two
doses.

Table 6
Therapeutic efficacy data of targeted and non-targeted dendrimeric formulations and controls in mice bearing C-26 tumor.

Formulation TTEa (day ± SD) TGDb % MSTc (day) ILSd %

G4 : SN38 1mg/Kg 37 ± 0 54.72 37 48.4
PEG-G4 (16:1) : SN38 1mg/Kg 37 ± 0 54.72 37 48.4
BR2- G4:SN38 1mg/Kg 37 ± 0 54.72 37 48.4
CyLoP1-G4:SN38 1mg/Kg 37 ± 0 54.72 37 48.4
PEG- G4(16:1)-BR2:SN38 1mg/Kg 36.14 ± 1.91 51.14 37 48.4
PEG- G4(16:1)-CyLoP1:SN38 1mg/Kg 37 ± 0 54.72 37 48.4
G4 : SN38 5mg/Kg 37 ± 0 54.72 37 48.4
PEG-G4 (16:1):SN38 5mg/Kg 37 ± 0 54.72 37 48.4
BR2- G4 : SN38 5mg/Kg 37 ± 0 54.72 37 48.4
CyLoP1-G4 : SN38 5mg/Kg 36.8 ± 0.44 53.88 37 48.4
PEG- G4(16:1)-BR2:SN38 5mg/Kg 35.8 ± 1.64 49.70 37 48.4
PEG- G4(16:1)-CyLoP1:SN38 5mg/Kg 37 ± 0 54.72 37 48.4
Dextrose 5% 23.91 ± 3.74 – 24.9341
Irinotecan 25mg/Kg 33.4 ± 2.19 39.67 32 28.34

a Time to reach endpoint.
b Tumor growth delay.
c Median survival time.
d Increased life span.
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3.11. Biodistribution study

To simplify a comprehensive biodistribution analysis of prepared
SN38 formulations, we have presented drug aggregation in 6 different
tissues: blood, tumor, liver and spleen (as a component of the
Reticuloendothelial system), and some other tissues including kidney
and lung (Fig. 5A, 5B and 5C).

3.11.1. Blood serum
Serum samples were collected at 1, 3 and 24 h after administration.

Results indicated significantly higher renal excretion for Irinotecan, 1
and 3 h after administration compared to SN38 formulations. The drug
concentration differences were not statistically significant in serum
samples collected after 24 h. As we know the elimination half-life of
Irinotecan is about 8.8 h (Gupta et al., 1997) with predominantly renal
rout of excretion (Itoh et al., 2004) while SN38 elimination half-life is
around 11.6 h (Gupta et al., 1997) and it has higher fecal excretion
(Itoh et al., 2004) and only a minor renal clearance. These facts au-
thenticate our extracted results from serum concentrations studies.
PEGylation increases blood circulation and drug clearance time in body
(Alibolandi et al., 2017).

3.11.2. Tumor
Non-PEGylated CPP conjugated formulations of PAMAM (BR2-G4

and CyLoP1-G4) showed significantly higher tumoral aggregation
compared to most of the other treatment groups. As mentioned before;
BR2 and CyLoP1 as a targeting ligand have higher association to can-
cerous cells but it seems that PEGylation reduces this association
through steric hindrance.

3.11.3. Liver and spleen
G4, BR2-G4 and CyLoP1-G4 induced extremely higher liver accu-

mulation comparing the other groups including Irinotecan
(p < 0.001). The most likely reason is attributed to more RES uptake
due to their higher positive surface charge, whereas their PEGylated
analogous could successfully cover most of that. No significant drug
accumulation differences were observed in spleen after 24 h.

3.11.4. Lung
Non-CPP conjugated dendrimers (G4 and PEG-G4) provided very

significantly higher concentrations in lung comparing with the other
treatment groups. It can be presumably attributed to lack of tendency to
normal tissues for BR2 and CyLoP1 that limited the presence of CPP
targeted preparations unlike G4 and PEG-G4 in lung.

3.11.5. Kidney
Non-PEGylated dendrimeric formulations (G4, BR2-G4 and CyLoP1-

G4) provided significantly higher drug concentrations compared to
Irinotecan and CyLoP1-PEG-G4 after 24 h of administrations in kidney.
Regarding elimination half-life of Irinotecan (8.8 h) and serum con-
centration results at different time points (Fig. 5A), we speculate that
the most portion of Irinotecan have been eliminated in the first 24 h.
Animal imaging results at 4 h confirms renal clearance of Irinotecan in
first hours of administration.

3.12. Animal imaging

Fluorescent animal imaging visualized in vivo biodistribution of
SN38 and Irinotecan 4 h after drug administration (Fig. 6). Right at the
time SN38 is concentrated in tumor, most of the received Irinotecan
dose is divided into three compartments (Tumor, Liver and Kidneys);
some in liver to undergo hepatic metabolism, some in tumor, and the
other portion on renal clearance pathway. As pro drug, Irinotecan needs
to hepatic metabolism by carboxyl esterase (CES) to convert to its active
metabolite SN38. But only a small percentage (< 3%) undergoes this
metabolism procedure because of CES low affinity. SN-38

glucuronidation is then intermediates by UGT1A1*28 to prepare a
water soluble derivative of SN38 (Mittal et al., 2015). Because of the
shorter elimination half-life of irinotecan, we had a high fluorescent
intensity in kidneys 4 h after injection.

4. Conclusions

All these together; a CPP targeted SN38 delivery system to C26 in
vivo tumor model based on generation 4 PAMAM dendrimer, synthe-
sized and characterized in order to overcome low solubility of SN38 in
pharmaceutical solvents. All prepared formulations could successfully
improve in vitro efficiency compared to SN38 solution in C26 cell line.
Also it was indicated that a SN38 dose of 1mg/Kg and 5mg/Kg in
dendrimeric formulations could significantly inhibit tumor growth and
improve survival in comparison with Irinotecan at a dose of 25mg/Kg
in C26 mice bearing tumor.
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