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ABSTRACT

In this research study, it has been attempted to synthesize mPEG-PCL dual copolymers and use their nanoparticles for 
tamoxifen anticancer drug delivery. Tamoxifen is a non-steroidal anti-estrogen that also has weak estrogenic effects. 
Tamoxifen is used to treat breast cancer and infertility dependent on oligomenorrhea or secondary amenorrhea. This 
drug inhibits estradiol receptors and, using it, ovulation involves the occupation of estrogen receptors and eliminates 
the inhibitory effect of the hormone and thereby stimulates the release of the gonadotrophin-releasing hormone from 
the hypothalamus. In order to increase the local concentration of tamoxifen in Estrogen Receptor (ER) positive breast 
cancer, we have prepared and characterized nanoparticle formulation using methoxy poly (ethylene glycol) –Poly 
(-caprolactone) (mPEG-PCL). In this study, PEG-PCL copolymers were synthesized from mPEG and -caprolactone 
(-CL) using Sn(oct)2 as catalyst by ring opening polymerization. The copolymers were prepared and characterized by 
1H-NMR, FTIR, DSC and GPC. From the results, it was clear that nanoparticles showed sustained release behavior for a 
long period of time. These results suggest that the nanostructure of mPEG-PCL nanoparticles can be used as a promising 
candidate for sustained release of tamoxifen. 
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INTRODUCTION 

Nanotechnology has enormous potential in various 
fi elds, used in the development of insecticides, pharma-
ceuticals (Manjili et al, 2018), and electronics. Nowa-
days, nanoparticles have found widespread use that 

can be mentioned in several ways: dermal delivery, as 
antimicrobial and anticancer agents, carries peptide and 
protein medications such as insulin, as well as carriers 
of anti-infl ammatory and respiratory drugs. Also, some 
biodegradable polymer-derived drug delivery systems, 
such as nanoparticles delivering anticancer agents, are 
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commercially available (Sajadi Tabassi, 2012). PCL-PEG-
PCL is a thermo- sensitive copolymer which is more fl ex-
ible than PCL-PEG diblock copolymer for drug loading 
and drug delivery, (Kesente, 2017, Zamani et al, 2018).

Biodegradable polymeric materials are ideal car-
rier systems for biomedical applications. Features like 
controlled and sustained delivery, improved drug phar-
macokinetics, reduced side effects and safe degradation 
make the use of these materials very attractive in a lot 
of medical fi elds, with dermatology included (Bunker, 
2012). Biodegradable polymers have several advantages 
over non-biodegradable polymers for controlled drug 
delivery. It does not require surgical use after use, which 
is the most important advantage in a drug that has no 
surgical complications. Natural and synthetic biodegrad-
able polymers have good properties, such as biocompat-
ibility, biodegradability and high mechanical resistance. 
They have a negligible toxicity, and their destruction is 
non-toxic. Due to their mechanical properties, they are 
suitable for a wide range of specifi cations. Natural bio-
degradable polymers such as gelatin, albumin, chitosan, 
hyaluronic acid, and biodegradable synthetic polymers 
such as Poly(-caprolactone) PCL, PEO, and aliphatic 
thermoplastic polyester, such as Poly(lactic acid) and 
poly(lactid-co-glycolid), are fully investigated for drug 
delivery systems, (Verhoef, 2013). 

Polyethylene glycol is a non-ionic polyether that has 
excellent biocompatibility. Ethylene oxide is non-toxic 
and approved by the FDA. Polyethylene glycol is a neu-
tral polymer with end hydroxyl groups that has poor 
hydrogen bands, PEG molecules can be added to drug 
carriers through a number of different routes, including 
covalently.When PEG is covalently attached to the pro-
tein, it is biologically stored, and when linked to cova-
lently, PEG can help solubilize other molecules. PEG is 
soluble in water and a few organic solvents. One of the 
biggest benefi ts of PEG for drug delivery systems is its 
ability to stay long in the body (Jenkins et al, 2016). 
Poly (ethylene glycol) (PEG) has been used on the outer 
surface of polymeric micelles, due to its benefi cial char-
acteristics of pharmacokinetic of the micelles; i.e., long-
circulating characteristics and signifi cant tumor accu-
mulation. Considering its properties such as nontoxicity, 
hydrophilicity, solubility in water and organic solvents, 
and absence of antigenicity and immunogenicity, PEG 
could be used for many clinical applications (Kelley et 
al, 2016).

Polycaprolactone is an aliphatic polyester and its 
monomeric form -caprolactone is a biodegradable and 
biodegradable, non-toxic polymer having a semi-crys-
talline structure and a melting point of about 59-64° 
C, hydrophobic, as well as a low glass transition tem-
perature of about -60 °C, is also synthesized by loop 
polymerization, (Danafar et al, 2012).

Copolymers are in fact polymers that are polymerized 
by two or more different monomers and have differ-
ent properties of homopolymers. Today, due to the vari-
ous properties of copolymers, attention has been paid 
to their application in various fi elds, especially drug 
delivery. Among these copolymers, it can be noted that 
mPEG-PCL copolymers can, due to the duality, create a 
variety of polymer particles by varying the proportion 
of hydrophobic to hydrophilic. The obvious properties of 
these copolymers are their biodegradability, which in the 
body turns into nontoxic absorbent metabolites. These 
properties have made these polymers a lot of potential 
for applications in areas of nanotechnology, tissue engi-
neering and drug chemistry. The nanoparticles obtained 
by these copolymers, due to their core-shell property, 
have the potential to store the drug in the nucleolar 
nucleus (PCL) and the shell (PEG) has a dual role in par-
ticle stabilization and bioassay distribution. This copoly-
mer is used to create drug carrier systems, slow release. 
Copper mPEG-PCL is used with dual-mode behavior to 
form core-shell core membranes. This polymer carrier, 
as a carrier of hydrophobic drugs, increases circulation 
time in the blood and reduces the absorption of nano-
particles by the liver, (Rychter et al, 2018).

Copolymer PCL-PEG-PCL was synthesized by loop 
polymerization method at 120 ° C and 24 hours by 
Keng-Lun Chang et al (Rychter et al, 2018). Then, the 
copolymer nanoparticles were used as a lauric acid 
carrier for the treatment of acne vulgaris. The size of 
the nanoparticles was about 24-24 nm. Hiremath in a 
research paper, prepared polyacroclactone injectable 
microspheres loaded with tamoxifen by solvent evapo-
ration and in the presence of surfactant (PVA) for the 
treatment of breast cancer. They produced microspheres 
with a percentage of surfactant 0.4% and 0.8% with var-
ying levels of tamoxifen and pcl. When 0.4% PVA was 
used, the mean size of 44-48 nm and the loading rate 
of the drug in microspheres were higher compared with 
0.8% PVA was used, the size of the microspheres was 
26-28 nm and the drug loading was lower than the fi rst 
one. This is due to the reduction in the tension between 
the organic phase and the blue phase during the fabrica-
tion of nanoparticles and the increase in viscosity in the 
fi nal blue phase. 

Copolymer mPEM-PCL was synthesized by Wichuda 
et al (2011) using methoxypoly (ethylene glycol) and poly 
(caprolactone) and the Sn (Oct) 2 catalyst, and the nano-
particles of this copolymer were prepared using nano-
tube and without any surfactant preparation. Became 
According to TEM analysis, spherical nanoparticles have 
a smooth surface. The mean particle size and glass tran-
sition temperature decreased and the melting tempera-
ture signifi cantly increased with increasing mPEG / PCL 
ratio. Authors have reviewed the two drugs Ibuprofen 
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and Indomethacin in PCL-PEG-PCL triloclopropylmer 
nanoparticles and the effect of nicotinic acid on the pro-
duction of nanoparticles. Increasing the amount of nico-
tinic acid increases the particle size and increases the 
hydrophobicity of the polymer, increasing drug loading 
for both drugs compared to nicotine-free nanoparticles. 
Shakiba et al (2017) in a study to achieve the controlled 
release of ATRA, PCL-PEG-PCL copolymer with aver-
age molecular weight of 5.34 kDa was synthesized. The 
nanosized micelles were prepared from copolymer by 
nano-precipitation method. In the case of 10% drug to 
polymer ratio, more than 80% of the drug was released 
within 3 days, whereas for ratio of 2% more than 90% 
of the drug was released within 3 h. The cytotoxic study 
performed by MTT assay showed that H1299 survival 
percent decreased signifi cantly (P≤0.05) after exposure 
to drug-loaded micelles, while no proliferation inhibi-
tion effect was observed by either free ATRA or blank 
PCL-PEG-PCL micelles.

Gavasane and Pawar (2014) believed that polymers 
are becoming increasingly important in the fi eld of drug 
delivery. The pharmaceutical applications of polymers 
range from their use as binders in tablets to viscosity 
and fl ow controlling agents in liquids, suspensions and 
emulsions. Polymers are classifi ed as biodegradable and 
nonbiodegradable. Biodegradable polymers have been 
widely used in biomedical applications because of their 
known biocompatibility and biodegradability. The pre-
sent communication gives an overview of the different 
biodegradable polymers that are currently being used in 
the development of controlled drug delivery system.

MATERIALS AND METHODS

Stannous 2-ethyl-hexanoate [Sn (Oct) 2], Dichlorometh-
ane, Petroleum ether, Chloroform, Ethanol, Methanol, 
Acetone, -Caprolactone, Methoxyethylene glycol, Tet-
rahydrofuran, Methoxyethylene oxide, Calcium Hydride, 
PVA, all of which were used with high purity from Merck 
and Sigma, and also tamoxifen citrate from Iran Hor-
mone Inc. The copolymer of mPEG-PCL was synthesized 
by loop-polymerization of caproclactone-free monomer 
in the presence of dry methoxy-polyethylene glycol as a 
primer and catalysts of tinctanate (reaction 1).

In this way, the amount of 3 g of mPEG (MW = 5000) 
is introduced into a balloon of a span and dried under 
vacuum and at a temperature of 80 ° C for 24 hours.

The 6 g is taken from a monomeraproclactone in a 
balloon for 1 week in its calcium hydrogen hydride after 
the end of the desired period by the Buchner funnel and 
the vacuum pump. mPEG and caprolactone in a spatula, 
then add the Sn (oct)2 catalyst at 0.01 milloles per mMEG 
of mPEG hydroxyl group to the contents of the balloon. 
Then the vacuum balloon is placed in the bath of oil. 

Under nitrogen atmosphere and magnetic stirring, the 
reaction temperature was adjusted to 150 ° C and the 
reaction time was allowed for 12 hours. Then cool the 
system, dissolve the copolymer into chloroform, and 
dissolve in cold ether. Collect the precipitate with fi lter 
paper and dry it.

Reaction (1) mPEG-PCL Copolymer Synthesis Route

Analysis of copolymers mPEG-PCL

1HNMR has been used to determine the copolymer 
structure of mPEG-PCL. 1HNMR spectra were taken 
with Bruker 400MHz device at 25 ° C. Dieter chloro-
form (CDCL3) has been used as solvent and tri-methyl 
ketone (TMS) as the internal standard. The spectra taken 
in (CDCL3) were used to determine the molecular weight 
of synthetic copolymers by using sub-surface integra-
tion of various chemical groups. The ratio of lactone to 
ethylene glycol in synthetic copolymer can be calculated 
using Equation 1.

(1)

In this equation, Ia is the integral of the subliminal sur-
face associated with PCL, which appears in the range of 
1.5-1.6 ppm in the spectrum, and Ie is the integral of the 
PEG methylene group substrate, which is about 3.6-3.7 
ppm, is observed. 

When the PCL / EO ratio is synthesized in copolymer, 
PCL polymerization degree is calculated by consider-
ing the degree of polymerization of PEG starting from 
Equation 2. Finally, the molecular mass of copolymer is 
obtained using equation 3.

(2)

(3)

FT-IR Infrared Spectroscopy

To confi rm the mPEG-PCL copolymer formation, the FT 
-IR spectrum has been used. The FT-IR spectra of various 
specimens were recorded using a Bruker spectrometer 
(FT-IR).

Gel Permeation Chromatography (GPC)

The average molecular mass and mPEG-PCL copolymer 
molecular mass distribution are analyzed by chroma-
tographic gel analysis. For the GPC analysis, the Ger-
man Knauer machine was used. The sample was com-
pletely dissolved in pure tetrahydrofuran and, after 
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being injected into the column, and compared with the 
calibration graph, drawn using standard polystyrene; 
the molecular mass and the synthesized PolyDispersity 
copolymer were calculated.

Differential Scaling Calorimeter (DSC)

DSC analysis was used to study the thermal behavior 
of mPEG-PCL copolymers and their nanoparticles. The 
samples were heated at a temperature of 10 °C / min 
and measured in a range of 25-200 °C using a Mettler 
Toledo, Star SW 9.30, manufactured by England.

Analysis of the morphology of nanoparticles by Scanning 

Electron Microscopy (SEM)

SEM (Scanning Electron Miroscopy) is used to capture 
specimens. In this way, a layer of gold is placed on the 
sample and the electron beam is emitted. Then, they 
shrink two or three electron beam concentrating lenses 
so that when they come in contact with the specimen 
diameter it is between 10-2 nm. Then several pictures 
are taken from the sample. For SEM imaging, the XL30 
was used as an XL series manufactured by Philips and 
Hitachi S4160 Cold Field Emission.

Study of drug release in vitro at pH = 40.5

To study drug release, place 10 mg of suspension of 
nanoparticles in 2 ml of buffer and place in a 12000 
cut off bag and place it in a container containing 13 ml 
phosphate buffer (pH = 4.50). Place the bag containing 

the dialysis bag in a 37-°C chiccroncobacterial device 
and remove 1 ml from the outer solution of the dialysis 
bag at specifi ed times, and replaced with fresh buffer, 
and the amount of drug released by the UV spectropho-
tometer measured at 250 nm wavelengths. Each of the 
measurements is repeated three times, and the average 
of these three data is used to calculate the amount of 
drug released.

RESULTS AND DISCUSSION:

Investigating the FT-IR spectrum of the mPEG-PCL 

copolymer

In Fig. 1, the FT-IR spectrum of mPEG-PCL is shown. 
From the mPEG-PCL Copolymer FT-IR spectrum, it can 
be seen that the absorption band at the frequency of 
1108 cm-1 and 1240 is related to the tensile bond (C-O). 
The sharp and severe absorbing strip at a frequency of 
1722 cm-1 shows the existence of steric carbonyl groups 
(C = O), indicating the formation of mPEG-PCL copoly-
mer. Methylene hydrone (-CH2-) adsorb two C-H adsor-
bents, which are related to the symmetric and asymmet-
ric adsorbent adsorption, which absorbs the fi rst in 2869 
cm-1 and the second in 2943 cm-1

Investigating the 1HNMR spectrum of mPEG-PCL 

copolymer

After reviewing the raw materials used in synthesis to 
confi rm the synthesis of copolymer, the structure. As 

FIGURE 1. FT-IR spectrum of mPEG-PCL copolymer
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FIGURE 2. The DSC Spectrum of Mpeg-PCL copolymer, it appears in the peak temperature range at 40.3 °C, 
which can be attributed to the crystallization temperature of PEG.

can be seen, the peak in the area of 3.38 ppm and 3.64 
is related to the methoxy group and the methyl group 
PEG. Peak 1.3 ppm (2H, g), 1.6 ppm (4H, f), 2.2 ppm (2H, 
e), ppm 4.06 (2H, h) 3.4 ppm (3H,a) respectively cor-
responding to group -(CH2) 3 -,(- (CH2) 2-OCCH2-) - and 
(-CH2OOC-) caprolactone. The weight of the molecular 
weight calculated with 1HNMR is 21000 g / mol.

Investigating the Differential scanning calorimeter 

(DSC) spectrum of mPEG-PCL copolymer

Thermal analysis can be defi ned as measuring the prop-
erties of a polymer sample against temperature varia-
tions. The most important and fi nal factor in the study 
of polymers is to measure and measure their thermal 
stability. Usually weight loss is used to measure thermal 
stability. Weight variations are recorded against a rise in 
temperature or against a rise in time at constant tem-
perature. Differential Schematic Thermometry (DSC) is a 
method in which the difference in thermal energy input 
to the sample and reference material is measured as a 
function of temperature. The mPEG-PCL copolymer DSC 
shows in Fig. 2, the peak of the sample is in the range 
of 67.42 °C, which is a thermoforming courier. Previous 
studies have shown that PEG and PCL hemopolymers, 
both of which are semi-crystalline polymers, have a 
melting point of 62 °C and 60 °C, respectively. However, 
in the copolymer spectrum, the thermal event belongs 
to the melting point of PEG and PCL. In addition, it 
appears in the peak temperature range at 40.3 °C, which 
can be attributed to the crystallization temperature 
of PEG.

Investigating the GPC spectrum associated with mPEG-

PCL copolymer

The molecular mass of the weighted mass and molecular 
weight distribution of mPEG-PCL copolymer is investi-
gated by analysis of gel chromatography. The sample is 
dissolved in the tetrahydrofuran and, after being injected 
into the column, and compared to the calibration graph 
compiled using standard polystyrene, the molecular 
mass and the synthesized poly-dispersed copolymer are 
calculated. The molecular mass distribution diagram is 
indicated in Fig. 3, which represents a peak at 7.02 sec-
onds after sampling. After placing this time on the Exell 
chart, the value of mPEG = 5000 g / mol is the mass of 
the molecular weight of 24663 g/ mol.

Analysis and measuring the size of the nanoparticles

At this stage, after preparing the nanoparticles, the 
size of the nanoparticles prepared from the DLS sam-
ple was taken. According to the measurement of the 
size of the nanoparticles (Fig. 4), the mean particle size 
without drug loading was 184.4 nm with PDI = 0.418 
obtained.

The average size of the polymer nanoparticles that 
was loaded onto the drug was investigated by the par-
ticle size chart, shown in Fig. 5. According to the size 
chart of nanoparticles, the average nanoparticle size of 
151.7% was obtained with PDI = 0.328. Due to the lack 
of drug-loading nanoparticles at 184.4 nm, drug loading 
has not signifi cantly changed the size of the nanoparti-
cles, which can be a reason for absorbing the drug into 
nanoparticles.
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FIGURE 3. GPC Spectra of Mpeg-PCL copolymer, which represents a peak 
at 7.02 seconds after sampling.

FIGURE 4. The curve of the size of polymerized nanoparticles 
synthesized without loading the drug, a) numerically, b) in 
intensity

SEM Analysis of Polymer Nanoparticles Loaded with 

Tamoxifen

The morphology of nanoparticles was investigated using 
SEM and its images are depicted in Fig. 6.After the prep-
aration of nanoparticles loaded with tamoxifen, a SEM 

photo was taken, depicted in Figure 6. The SEM image 
shows that nanoparticles have a spherical shape and 
approximately one shape with a size of 234 nm. As can 
be seen, the average size of nanoparticles from a photo-
graphed image is well-matched with the size of the DLS.
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FIGURE 6. 

FIGURE 5. The size of nanoparticles loaded with tamox-
ifen (a) in numerical order b) in intensity

FT-IR spectra of polymeric nanoparticles mPE-PCL 

loaded with tamoxifen

Regarding the structure of tamoxifen citrate (Fig. 7) and 
the FT-IR spectrum, the average absorption bands in 
1590 cm-1 and 1471 cm-1 are related to the aromatic ring 
group. Absorption band in 2828 cm-1 of the unsaturated 
stretch C-H3 group, absorption band of 2960 cm-1 of the 
CH3 group. The 1217 cm-1 band represents the tensile 
C-O group, and the 1300 cm-1 band represents the C-N 
stretching group. The band in the 703 cm-1 region of the 

FIGURE 7. The structure of tamoxifen citrate

FIGURE 8. FT-IR spectrum of tamoxifen citrate

Ortho substrate and the 3010 cm-1 band represents the 
OH strain group (Fig. 8)

Comparison of the range of nanoparticles loaded with 
the mPEG-PCL copolymer spectrum and tamoxifen spec-
trum showed drug loading in nanoparticles. The existence 
of a band of 1602 cm -1 shows the aromatic ring in both of 
the two spectra of tamoxifen and nanoparticles. The 1728 
cm-1 band in two spectra of copolymer and nanoparticles 
represents the carbonyl tensile group. The 1300 cm-1 band 
is available in two spectra of tamoxifen and nanoparticles 
that specify the C-N group. The C = O group has a tensile 
strength of 1217 cm -1 in two spectra of tamoxifen and 
nanoparticles. The presence of bands of 2868 cm-1 and 
2940 cm-1 in two spectra of copolymers and nanoparticles, 
indicating methylene tensile CH groups. The results from 
the following spectrum (Figure 9) showed that tamoxifen 
drug was loaded onto polymer nanoparticles.

DSC spectrum of tamoxifen citrate

The DSC for tamoxifen shows that the peak from the 
specimen is in the range of 145.43 °C, which is a ther-
mosetting peak and represents the melting point of 
tamoxifen citrate (Figure 10).

Tamoxifen measurement

Figure 11 shows the tamoxifen curve at a maximum 
wavelength of 250 nm. Which shows very good linear 
citizenship of the concentration of tamoxifen with its 
adsorption in an organic environment. The linear equa-
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FIGURE 9. FT-IR Spectrum of Nanoparticles

FIGURE 10. DSC spectrum of tamoxifen citrate

FIGURE 11. Calibration curve for tamoxifen citrate at  = 250 nm

tion obtained from this graph has been used to estimate 
the concentration of tamoxifen in assessing the drug 
loading rate in the drug release analysis.

Determination of tamoxifen loading and encapsulation 

in mPEG-PCL copolymer micelles according to the 

calcifi cation curve of tamoxifen

According to the following calculations, the amount of 
drug loaded and encapsulated was 12.909% and 70.025%, 

respectively. The reason for loading the drug in tamoxifen 
in the hydrophobic nucleus of the nanoparticles (the PCL 
portion) is the hydrophobic nature of the drug.

According to the following calculations, if the per-
centage of precipitation of nanoparticles loaded with 
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tamoxifen is 100%, the theoretical loading of the drug 
should be about 16.66%.

in 2963 cm-1 representing ethylene groups of PEG that 
can confi rm copolymer synthesis. The results of mPEG-
PCL copolymer synthesis showed that the copolymer was 
completely synthesized. The DSC of mPEG-PCL copoly-
mer indicates that the sample courtesy is in the range of 
67.42 ° C, which is a thermosetting peak and represents 
the melting point of PCL and PEG.

The polymer was used to make biodegradable nano-
particles based on polyethylene glycol and polycaprol-
actone. Copolymer micelles mPEG-PCL were prepared by 
single emulsion method and tamoxifen drug was loaded. 
The particle size was about 151.7 nm and particle zeta 
potential was 13.9 mv. The drug loading effi ciency in 
nanoparticles and the drug release profi le in vitro were 
measured by UV spectroscopy.

The results showed that the loading and encapsu-
lated drug was 12% and 70%, respectively, indicating 
high drug loading in nanoparticles. Data from drug 
release from nanoparticles in different environments 
also showed that the drug was controlled and released 
from nanoparticles over a long period of time. Over-
all, it can be concluded from the current research that 
pharmaceutical-containing mPEG-PCL nanoparti-
cles can be considered as a good option for controlled 
release and tamoxifen in the treatment of cancer. Gener-
ally, the results of this research work provide valuable 
information for the development of new pharmaceuti-
cal systems and the production of high-strength poly-
mers and a higher volume-to-volume ratio in the struc-
ture of nano-materials, especially mPEG-PCL-based 
nanoparticles.
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