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Abstract

This research expresses the preparation and investigation of methotrexate-loaded PLGA nanoparticles on Glioblastoma����� ����Mul-
tiforme (GBM). The nanoparticles were prepared by precipitation method which had a mean diameter of 102±5 nm with a 
zeta potential of -26±2 mV. The methotrexate loading was 8.3%. The results of the MTT assay demonstrated that 56% of C6 
cells were viable when encountering methotrexate-loaded PLGA nanoparticles for 48 h. In-vivo assessments showed that the 
tumor size of GBM-bearing rats was partially increased after 28 days and moreover, the mean survival time of rats extended 
to 31 days.
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Introduction

GBM is known as the highest prevalence primary brain tu-
mor with a number of 3.21 per 100,000 cases, which is a com-
panion with a poor prognosis that is 5.5% for more than 5 years 
[1]. The treatment process commences with surgery, followed 
by chemotherapy and tumor treatment. Even though the ther-
apy measurements are upgraded, the survival of patients is still 
a skimp and it reveals that novel strategies for total treatment 
of the GBM are highly in demand. Besides the mentioned chal-
lenges, tumor recurrence (≈90%) and expensive treatments 
made the GBM patients encounter intricate situations [2]. 

One of the problems in the treatment of this disease is that 
most chemotherapy drugs are not able to reach the brain be-
cause of the Blood Brain Barrier (BBB). It means that there is a 
complex structure of cerebral capillaries, which have the prop-
erty of selective permeability, and do not allow any unknown 
substance to pass through [3-5]. The barrier is made up of en-
dothelial cells, astrocytes, pericytes and tight junction proteins 
that keep the endothelial cells in order and next to each other 

[6]. Another problem in drug delivery to the tumor is the efflux 
pumps that expel the drugs after entering the cell [7].

Various types of nanoparticles from organic to inorganic 
materials are introduced and are under research with the aim 
of improving the treatment process [8-10]. One approach is 
to deliver chemotherapy drugs to the tumor by nanoparticles 
[11,12]. Among nanoparticles, polymerics are very popular and 
divided into natural, synthetic, and semi-synthetic subgroups. 
PLGA is from synthetic ones and PLGA-based nanostructures 
are under wide studies because of their extraordinary features 
such as sustained drug release, biocompatibility, biodegradabil-
ity, ease of surface modification with hydrophilic agents, and 
ability to load both hydrophilic and hydrophobic substances 
[13]. There are various studies that have loaded chemothera-
peutics in PLGA nanoparticles with the aim of GBM treatments 
[14-16]. 

Methotrexate is an anti-inflammatory and anticancer agent 
that is the antagonist of folic acid but its application has been 
shrunk due to toxicity-related complications [17]. The side ef-
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fects of methotrexate encompass a wide range from non-signif-
icant gastrointestinal disorders such as decrement of appetite, 
nausea, and vomiting to serious problems like hepatic failure 
[18]. The effectiveness of methotrexate on GBM cell lines was 
observed in several researches however the challenge is that 
methotrexate is not able to permeate via BBB, properly [19-21]. 

In the current study we intended to evaluate the efficacy of 
methotrexate-loaded PLGA on the GBM animal model.

Materials and methods

Methotrexate and PLGA (50:50) were purchased from Xi’an 
Xinlu Biotech Company (China) and acetone was bought from 
Dr. Mojallali’s Industrial Chemical Complex Company (Iran). 
PVA was obtained from Merck (Germany). C6 cell line was pur-
chased from Cell Bank of Pasteur Institute (Iran) and rats were 
bought from Royan Institute (Iran).

Preparation of methotrexate-loaded PLGA nanoparticles

Methotrexate-loaded PLGA nanoparticles were prepared via 
the precipitation method pursuant to our previous study [21]. 
MTX and PLGA were dissolved in 5 mL of acetone and added 
dropwise to the 100 ml of PVA 1% W/V. After stirring overnight, 
the nanoparticles were obtained by centrifugation at 12000 
rpm for 30 min. 

Characterization of nanoparticles

DLS (ScatterScope1) and zeta analyzer (Malvern) were ap-
plied for nanoparticles characterization. The percent of drug 
loading was measured via UV/Vis spectroscopy Cecil (CE 7250, 
England) at 300 nm. 

In vitro cytotoxicity

The cytotoxicity of the nanoparticles was assessed via MTT 
assay. C6 seeded cells were treated methotrexate-loaded PLGA 
nanoparticles for 48 and afterwards, washed with PBS and MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) 
solution was inserted and incubated for 3 h. DMSO (Dimethyl 
sulfoxide) was inserted into each cell followed by shaking and 
at the end, the absorption was read at 570 nm via microplate 
reader (Bio Tek 800 TS). 

In vivo efficacy

The anti-tumor potential of nanoparticles was studied on 
C6 GBM in male Wistar rats (220 g). The methotrexate-loaded 
PLGA nanoparticles were injected via tail vain every week (1 
mg/mL) and the tumor size was observed via small animal MRI 
(Siemens Healthcare, Erlangen, Germany; slew rate, 200 mT/m/
ms; maximum amplitude, 45 mT/m). All steps and protocols 
were approved by the Animal Ethics Committee of Tehran Uni-
versity of Medical Sciences (IR.TUMS.MEDICINE.REC.1399.614).

Results and discussion

The methotrexate-loaded PLGA nanoparticle hydrodynamic 
mean diameter was 102±5 nm with a zeta potential amount of 
-26±2 mV (Figure 1).

According to the MTT assay it was observed that 100%, 98%, 
91.3%, 82.5%, 69.9% and 56% of cells lived at the concentration 
of 1, 10, 25, 50, 100 and 200 µg/ml, respectively after 48 h of 
the incubation with methotrexate-loaded PLGA nanoparticles.

GBM-bearing rats were imaged via MRI 14 and 28 days after 
tumor implantation and the anti-tumor potential of methotrex-

Figure 1: A,B and C) DLS results and D) zeta potential of methotrex-
ate-loaded PLGA nanoparticle.

Figure 2: The MRI images of methotrexate-loaded PLGA nanopar-
ticles treated rat after 14 and 28 days post tumor implantation.

ate-loaded PLGA nanoparticles was assessed. The tumor size 
was partially increased (Figure 2) but rats survived for 31 days 
on average.

Conclusion

In the current study methotrexate-loaded PLGA nanopar-
ticles were prepared and the main approach was to check their 
antitumor efficacy on GBM-bearing rats. According to the re-
sults Methotrexate-loaded PLGA nanoparticles were able to ex-
tend both the survival and time for tumor size increment com-
pared to the control. It seems that these nanoparticles can work 
promisingly in cases that accompany targeted drug delivery and 
other chemotherapeutics.
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