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Abstract In this study, an injectable hydrogel made from Pluronic F127 containing Doxorubicin (DOX), with
thermosensitive properties for localized drug delivery, was prepared using the cold method. The effects of hydrogel
concentration on gelation temperature and viscosity, as well as the effect of temperature on drug release rate, were
investigated. Different concentrations of F127 hydrogel were evaluated for viscosity and other characteristics, and

Keywords: Doxorubicin release was studied at body temperature (37°C) and tumor temperature (43°C). The optimal
Hydrogel, - concentration of F127 hydrogel was selected as 20% wi/v, and its rheological and drug release properties were
Ef;?r“b'c'”' examined. The hydrogel was characterized using Fourier Transform Infrared (FTIR) and X-Ray Diffraction

Cancer,
Temperature Sensitive,

(XRD), and examined through Field Emission Scanning Electron Microscopy with Electrophoretic Light
Scattering (FE-SEM/EDS). The drug release assay results indicated successful Doxorubicin release at both

temperatures. The release increased by 18-20% with temperature rise, which is significant for malignant tumor
treatment. The MTT assay results showed that the drug-containing hydrogel reduced cancer cell viability, with
only 32% of the cells surviving after 72 hours in culture.
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1. INTRODUCTION

Cancer is a fatal disease that affects a large number
of people worldwide and has attracted considerable
attention in recent decades. This disease occurs when a
person’s cells grow uncontrollably and migrate to other
areas of the body. Current treatment methods, including
surgery, chemotherapy, and radiotherapy, have played
an effective role in increasing patient survival. However,
these methods have numerous side effects that are often
problematic for patients. Chemotherapy, one of the most
common methods, involves the administration of
anticancer drugs either orally or by injection. In this
method, the drug enters the bloodstream directly and
penetrates all tissues and organs, which leads to severe
side effects such as hair loss, nausea and vomiting, and
immune system suppression. In addition, these
treatments can interfere with the treatment process and
reduce its ineffectiveness, as the drug diffuses
throughout the bloodstream and its concentration in the
tumor tissue decreases. Therefore, the treatment must be
repeated and prolonged, which in turn increases the side
effects (Abbas et al., 2018). In this regard, developing a
system that can deliver drugs directly and locally to
cancer tumors can be an effective alternative. The use of
nanoparticles, liposomes, micelles, etc., has attracted the
attention of researchers. For example, nanoparticles
have been shown to improve the gene therapy process
(Moniri et al., 2022). Recent research suggests that one
of the best options for designing such drug delivery

systems is temperature-sensitive injectable hydrogels,
which can overcome the limitations of conventional
methods and deliver drugs specifically to tumors (Sung
et al., 2020). According to the results of numerous
studies, temperature-sensitive hydrogels, one of the
newest and most promising drug delivery systems,
enable the localized release of chemotherapy drugs and
at the exact tumor site due to their properties such as
swelling and phase change at specific temperatures. For
example, in a study conducted by Kazemi et al. (2022),
the construction of an injectable, temperature-sensitive
hydrogel scaffold made of chitosan/gelatin and glycerol
phosphate was investigated. Owing to its high
conductivity, this hydrogel increases the transmission of
electrical pulses and accelerates the process of cardiac
cell growth and cardiac tissue formation (Kazemi et al.
2022). These hydrogels can release drugs as temperature
increases and therefore appear to be particularly useful
in treating certain cancers, including high-temperature
tumors (Norouzi et al., 2016). In addition to the benefits
mentioned above, use of such hydrogels reduces the
systemic circulation of the drug as well as the dose and
frequency of administration. Cancerous tumors
generally exhibit higher temperatures compared to
healthy tissues (37°C), with temperatures in some
tumors rising to 42°C. Pluronic F127 (also known as
poloxamer) is a triblock copolymer composed of
hydrophobic propylene oxide (PPO) and hydrophilic
ethylene oxide (PEO). Since PF127 possesses both
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hydrophilic and hydrophobic properties, it can form a
gel in aqueous solutions at a Critical Micelle
Concentration (CMC). Therefore, this study can be used
as an effective step toward developing smart and
targeted drug delivery systems in cancer treatment,
especially for cancers characterized by high tumor
temperatures.

2. MATERIALS AND METHODS

Preparation of this hydrogel is generally carried out
using either a hot or cold method. In this study, the
desired hydrogel was prepared using the cold method.
Briefly, to obtain about 6 g of gel with a w/v
concentration of 20%, 1 g of F127 powder was dissolved
in 5 ml of ultrapure distilled water. First, the powder was
slowly added to the water in two stages and then stirred
in an ice bath for 1 hour. To prepare hydrogels with
different concentrations, the amount of F127 powder
was kept constant, and varying the amount of water
allowed for the preparation of lower or higher
concentrations. For drug loading, a solution containing
0.002 mg of doxorubicin (DOX) was prepared in 4 ml
of deionized water (equivalent to 500 ppm). After
complete dissolution, the DOX solution was placed in
an ice bath, and 1 g of Pluronic F127 powder was added
to the solution to obtain a hydrogel with a wiv
concentration of 20%.

To characterize the F127 hydrogel, FTIR
spectroscopy was performed on the pure F127 dry
hydrogel and F127 powder using a Jasco 6300
spectrometer (Japan). The microstructures and
morphology of the F127 hydrogel were observed using
Field Emission Scanning Electron microscopy equipped
with Electrophoretic Light Scattering (FE-SEM/EDS),
MIRA TESCAN model. The crystal structures of F127
were examined using X-Ray Diffraction (XRD) from
20° to 80° (26) with monochromatic Cu Ka radiation (A
=1.5406 A) and a scan rate of 2°/min.

3. RESULTS AND DISCUSSION

In XRD, the main peaks of F127 at 23.35 and 18.38
degrees indicate the relative crystalline structure of
F127, while the smaller peaks indicate the minor
amorphous phases in the sample. The FESEM images
show the irregular and heterogeneous structure of the
F127 hydrogel, indicating the presence of pores that
facilitate fluid exchange. The results of EDS analysis
also confirm carbon and oxygen as the main components
of the F127 hydrogel. Viscometry results also show that
the viscosity of the hydrogel increases with increasing
concentration and temperature. At higher temperatures
(35°C), F127 molecules transform into micelles and
exhibit pseudoplastic behavior. This phenomenon is
consistent with the findings from other studies, which
show that the appropriate viscosity for the injection
process ranges between 30-100 Pa.s, while the minimum
viscosity required for hydrogel stability in the body is
400 Pa.s. These results align with studies investigating
the rheological behavior of F127 hydrogels under
different conditions (Figure 1).

Moreover, the effect of different concentrations of
F127 hydrogel on the gelation temperature and tube
inversion test was investigated. The results showed that
increasing the F127 concentration led to a decrease in
the gelation temperature and, consequently, a decrease

in Liquid Critical Solution Temperature (LCST). In
addition, incorporation of Doxorubicin (DOX) to F127
did not significantly affect gelation behavior. F127
hydrogels transform from a dispersed micelle state to a
dense, three-dimensional hydrogel network structure as
the temperature increases, which is influenced by
temperature and hydrophobic interactions between
polymer chains.
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Figure 1. Viscometry test diagram of pure F127 hydrogel at
different temperatures

The low viscosity of the hydrogel in the solid state
allows for therapeutic applications such as injection.
After injection, at body temperature, a pseudoplastic
property is formed, and the drug release is ensured.
Doxorubicin absorption and release experiments
showed that the drug release increases upon increasing
temperature and is higher at 43 °C than at 37 °C. This is
attributed to the physical and structural characteristics of
the hydrogel at different temperatures (Figure 2).
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Figure 2. Doxorubicin release in a period of 72 hours at
normal body temperature and at the temperature of malignant
tumors

4. CONCLUSION

In this study, a thermosensitive injectable hydrogel
made of Pluronic F127 was successfully fabricated to
carry doxorubicin for tumor treatment. The results
confirmed the successful dispersion of DOX in the
Pluronic F127 hydrogel. The F127 gel was characterized
using FE-SEM/EDS, XRD, FTIR, viscometry, and UV-
vis spectroscopy. Contact between F127 gels and
OVCARS cells showed no toxicity, while the addition
of DOX to the hydrogel decreased the viability of cancer
cells. The results of the drug release assay demonstrated
that 50% of the drug inside the gel was released when
exposed to normal body temperature (37°C), and when
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the system temperature was increased to 43°C (tumor
temperature), the drug release rate rose to about 75%.
These results confirmed that the produced DOX/F127
can be used as a promising agent for targeted and
localized drug delivery applications.
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