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Abstract

Background: Chemotherapy drugs are not effective in the treatment of primary brain tumors due
to the low efficacy of these drugs and drug transfer from the blood-brain barrier (BBB) toward the
tumor site. Our purpose in this study was to assess the co-delivery of anticancer drugs to increase
drug permeability from BBB.

Methods: In this study, two chemotherapy drugs, namely methotrexate (MTX) and paclitaxel (PTX),
were inserted into polyvinyl alcohol and poloxamer188-conjugated nanoparticles (NPs). Astrocytes
were treated with different concentrations of 0-50 pg/ml from MTX, PTX, the MTX-PTX mixture,
PTX-loaded NPs, MTX-loaded NPs, and PTX-MTX co-loaded NPs for 48 hours. The tumoricidal
effect was assessed using the survival rate, Hoechst staining, and western blotting.

Results: The results indicated significant reduction of the survival rate in astrocytes treated with PTX-
MTX co-loaded NPs. In addition, apoptosis hallmarks consisting of fragmented DNA, overexpression
of Bax, and expression reduction of Bcl-2 were in the cultured astrocytes.

Conclusions: Our study proposes that the PTX-MTX co-delivery to NPs could be used as a possible
approach for anti-cancer drug delivery to glioblastoma multiforme.
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Introduction

Glioblastoma multiforme is the most aggressive and
deadliest of malignant brain cancers in humans.
Glioblastoma can grow very fast and spread quickly into
the surrounding normal brain. This property causes
tumor recurrence and decreases the patient survival
rate. The current therapies including surgery, radiation
therapy, and chemotherapy are not effective in the
treatment of glioblastoma patients due to the tumor’s
biological function in the brain. The median survival
rate of patients was reported to be 15 months after
prognosis.! Despite the advancement of chemotherapy
drugs for growth inhibition of cancer cells, drug entrance
into the brain is restricted due to the blood-brain barrier
(BBB) structure.? To overcome this problem, studies have
indicated that nanotechnology can help chemotherapy
in drug delivery from BBB and increase chemotherapy
efficacy through drug transfer to brain tumor cells.
Recently, drug delivery carriers with targeting ligands
have appeared to increase passage efficiency across
BBB.>* However, different targeting ligands have been
introduced for drug delivery improvement, and among
them is 188 (Pluronic F-68) or polysorbate. Poloxamer

188 (Pluronic F-68) can coat nanoparticles (NPs) to
facilitate drug delivery that cannot cross BBB.> NPs are
synthesized from natural or synthetic polymers with a size
of about 100 nm. NPs can deliver various drugs including
hydrophilic and hydrophobic small drugs, vaccines,
and biologic macromolecules.® Among different types
of NPs evaluated as delivery vehicles in various studies,
poly(lactic-co-glycolic acid) (PLGA) is one of the best
polymers due to its non-immunogenic biocompatibility
and biodegradability. Moreover, hydrolyzed PLGA has
low toxicity in the body.”* Assessing the synergistic effect
of methotrexate (MTX) on NPs is a suitable method
for reducing drug toxicity.'" In the present study,
poloxamer188-conjugated PLGA NPs were synthesized
to simultaneously deliver MTX and paclitaxel (PTX or
taxol) for brain tumor treatment. PTX and MTX have
specific solubility characteristics and various tumoricidal
functions due to their antitumor efficiency, and thus, have
been used to treat different brain tumors.'»"* PTX is a drug
that inhibits cell growth, and also, is a highly hydrophobic
drug that can cause apoptosis via disorganization of
cyto-skeleton and inhibit the cell cycle in the late G2
and M phases, thereby blocking cell replication." MTX
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is another chemotherapy drug that can inhibit a major
enzyme of folic acid synthesis including dihydrofolate
reductase. MTX is able to inhibit production of purines
and pyrimidines, contributing to growth inhibition of
tumor cells”. The purpose of this study was to co-deliver
two hydrophobic (PTX) and hydrophilic (MTX) drugs to
astrocytes isolated from human glioblastoma. Moreover,
the synergic effect of PTX and MTX-loaded NPs was
evaluated through cytotoxicity and induced apoptosis in
the isolated astrocytes.

Materials and Methods
Primary  Astrocytes
Glioblastoma
Glioblastoma tissue was collected from patients under
surgical operation whose glioblastoma was confirmed by
a pathologist. Astrocytes were isolated from glioblastoma
tissue through digestion with 0.05% trypsin-EDTA for 10
minutes at 37°C water bath. Centrifugation was performed
at 180xg for 5 minutes. Then, the astrocytes were cultured
in DMEM/F12 medium consisting of 1% (100 U/mL)
antibiotic/antimycotic and 2% fetal bovine serum (FBS)
and maintained in an incubator. The FBS volume in the
culture medium was progressively enhanced from 2% to
10% for 2 weeks.

Isolated From Human

MTT Assessment

The toxicity level of the drugs was evaluated through MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay. The astrocytes were seeded in a 96-well
culture plate at the density of 7x10° per well and incubated
for 12 hours. The cells were treated with MTX, PTX, the
MTX-PTX mixture, PTX-loaded NPs, MTX-loaded NPs,
and PTX-MTX loaded NPs at various concentrations of
0, 10, 20, 30, 40, and 50 pg/mL for 48 hours. An amount
of 100 uL of DMEM containing MTT was added to each
well into cells and incubated at 37°C for 4 hours. The
MTT solution was eliminated from the wells, and 100
uL of DMSO was used to dissolve formazan crystals. The
absorbance was assessed at 570 nm using a microplate
reader.

Hoechst Staining

The astrocytes were cultured in DMEM/F12 medium
containing 10% FBS overnight. Then, the astrocytes
were treated with the drugs for 48 hours. Subsequently,
the astrocytes were washed with phosphate buffered
saline three times, cell fixation was performed with 4%
paraformaldehyde, and staining was done with Hoechst
33342 (5 pg/mL) for 20 minutes at 25°C. Finally, the cells
were assessed using a fluorescence inverted microscope.

Western Blot
The astrocytes (density of 1 x 10° per well) were cultured
and treated for 48 hours. The cells were lysed and

homogenized with RIPA lysis buffer. Protein was loaded
in 12% SDS-polyacrylamide gel electrophoresis. Blotting
was performed using the wet blotting system, and the
membrane blocking was carried out in 5% non-fat milk in
TBST for 1 hour. The membrane was treated with the rabbit
polyclonal Bax primary antibody (1:200; cat number: sc-
493, Santa Cruz Biotechnology Inc., USA), the rabbit
polyclonal Bcl-2 primary antibody (1:200; cat number: sc-
492, Santa Cruz Biotechnology Inc., USA), and the rabbit
polyclonal B-actin primary antibody (1:200; cat number:
sc-10731, Santa Cruz Biotechnology Inc., USA) overnight
at 4°C. After washing, the membrane was incubated with
HRP conjugated anti-goat IgG and HRP-conjugated anti-
rabbit IgG (1:10000; cat number: sc-2004, Santa Cruz
Biotechnology Inc., USA) for 1 hour at room temperature
in the dark. Finally, protein was exposed on film using
a chemiluminescence kit (Amersham Biosciences, Orsay,
France).

Statistical Analysis

The data were presented as mean * standard error of the
mean. All the assessments were repeated in three separate
experiments. The statistical analysis of the data was
performed with SPSS 20 statistical software using one-
way analysis of variance (ANOVA) followed by Tukey’s
test. P values less than 0.05 were considered statistically
significant.

Results

Cell Rate Survival

The astrocytes were isolated from human glioblastoma
tissue and treated with different drugs after 14 days (Figure
1). MTX and PTX were the two chemotherapeutical
drugs loaded in a similar carrier to assess the co-
delivery synergistic effect on the primary astrocytes.

Figure 1. Astrocytes Morphology Isolated From Human
Glioblastoma.
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The cytotoxicity level of MTX-PTX co-loaded NPs was
compared with those of PTX-NP, MTX-NP, PTX, MTX,
and the MTX-PTX mixture at the concentrations of 1-50
pg/mL and the treatment time of 48 hours. The results
indicated that the viability of cells was dependent on
formulation and concentration of the drugs. As presented
in Figure 2, the co-delivery of PTX and MTX significantly
decreased the cell survival rate compared to NPs
containing free single drug and single drug suggesting
carrier entrance into cell and induction of the synergic
effect. PTX-NP, MTX-NP, PTX, MTX, and the MTX-PTX
mixture induced approximately the same toxicity in the
primary astrocytes. Moreover, the IC50 of the co-delivery
of PTX and MTX, PTX-NP, MTX-NP, PTX, MTX, and
MTX-PTX mixture was 30 pg/mL for 48 hours, which
was also selected for the other tests of the study.

Apoptosis Induced Into Astrocytes With Co-delivery
of Tumoricidal Drugs

Cell programmed death was investigated using Hoechst
staining, and the results are indicated in Figure 3 . The
highest amount of apoptosis was observed when the
astrocytes were exposed to PTX-MTX co-loaded NPs.
The cell membrane was permeable to Hoechst fluorescent
stain, and the cell nuclear was observed in red dye
indicating apoptotic cells. However, the induced apoptosis
level was significantly higher in the treatment groups
of PTX-NP, MTX-NP, and the MTX-PTX mixture, as
compared to the control.

Western Blot Analysis

We hypothesized that the PTX-MTX co-loaded NPs
might reduce cell survival and induce apoptosis. Thus, we
assessed the protein expression levels of Bcl-2 and Bax.
The results revealed that the Bcl-2 protein expression
significantly decreased, but the Bax protein expression
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Figure 2. Survival Rate of Astrocytes. Viability of the astrocytes
reduced with concentration increase of different drugs. *P<0.05,
**P<0.01, ***P<0.001, differences versus control. tP<0.05,
differences versus control.

significantly increased in the astrocytes treated with PTX-
MTX co-loaded NPs, PTX-NP, MTX-NP, and the MTX-
PTX mixture, as compared to the control (Figure 4).
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Figure 3. Presentation of Apoptotic Astrocytes by Hoechst
Staining. Apoptotic cells were observed red. A) Control: cells
are without treatment. B) Apoptotic astrocyte was treated to PTX/
MTX co-loaded nanoparticles. *P<0.05, **P<0.01, ***P<0.001,
differences versus control. (scale bar 100 pm).
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Figure 4. The Proteins Expression Level of Bcl-2 and BAX in the
Astrocytes. Apoptotic proteins rate in astrocytes treated with
different drugs were assessed in astrocytes through western blot
assessment. The expression level of Bcl-2 (A), and BAX (B) were
calculated. *P<0.05, ** P <0.01, *** P <0.001, differences
versus control. 1P<0.05, +tP<0.01, ++tP <0.001, differences
versus control.
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Discussion

PTX and MTX as two chemotherapeutic drugs were
applied in the current study. Chemotherapeutic drug
administration is limited to mediate their side effects in
the body. The purpose of present study was to perform
PTX and MTX co-loading in PLGA NPs conjugated to
poloxamer 188 to increase the drug delivery efficiency
according to the current formulation. It is critical to
select a good nano-carrier according to physiochemical
characteristics of chemotherapeutic agents. Therefore,
nano-carriers conjugated to poloxamer 188 play a major
role in the successful pass of drugs from BBB'¢. Moreover,
this nano-carrier can control drug release to increase
bioavailability and reduce drug toxicity to normal
tissues.'”"* Combinational therapy was selected for this
study to mediate the synergic effect of the tumoricidal
drugs. Therefore, a co-delivery system was considered in
this study, which was able to simultaneously transfer the
two drugs in a nano-carrier toward the primary astrocytes.
In addition, PAX and MTX were co-loaded in a nano-
carrier to induce the synergic effect. Dominant reduction
was observed in the viability of the astrocytes. NPs may
pass across the cell membrane through endocytosis or
phagositosis to induce the cytotoxic effect.” Several
tumoricidal mechanisms might be involved in the
synergic effect. MTX appears to stop DNA replication and
follow trigger intracellular signaling pathways consisting
of apoptosis in astrocytes. PAX is able to inhibit assembly
of microtubules and destroy the microtubule network in
the cell, thereby leading to cell apoptosis.® The results
of this study showed apoptosis indexes including DNA
fragmentation through Hoechst staining, downregulation
of the anti-apoptotic protein, Bcl-2, and overexpression
of the apoptotic protein-BAX in the primary astrocytes
isolated from human glioblastoma.>"**

Conclusion

In the present study, poloxamerl88-conjugated PLGA
NPs loaded with MTX and PTX were capable of co-
delivery of drugs into cells. Effects of biocompatibility,
cytotoxicity, and apoptosis induction were observed in
the present study. It appears to apply as a suitable carrier
in the drug co-delivery system for brain tumor treatment.

Conflict of Interest
The authors declare that they have no conflict of interests.

Acknowledgements

The authors would like to thank from the Functional Neurosurgery
Research Center, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

Authors’ Contribution
MH done experiments and wrote the manuscript draft. AZ edited
and approved the manuscript.

Funding/Support

This study was supported by Functional Neurosurgery Research
Center, Shahid Beheshti University of Medical Sciences, Tehran,
Iran

Ethical Statement

The study was performed according to the principles of the
Declaration of Ethical Committee of Shahid Beheshti University of
Medical Sciences with ethical code: IR.SBMU.RETECH.REC.272
for molecular and Cellular study.

References

1. Liu A, Hou C, Chen H, Zong X, Zong P. Genetics and
epigenetics of glioblastoma: applications and overall
incidence of IDH1 mutation. Front Oncol. 2016;6:16. doi:
10.3389/fonc.2016.00016.

2. Xin H, Sha X, Jiang X, Zhang W, Chen L, Fang X. Anti-
glioblastoma efficacy and safety of paclitaxel-loading
Angiopep-conjugated dual targeting PEG-PCL nanoparticles.
Biomaterials.  2012;33(32):8167-76.  doi: 10.1016/j.
biomaterials.2012.07.046.

3. Yue), Liu S, Wang R, Hu X, Xie Z, Huang Y, et al. Transferrin-
conjugated micelles: enhanced accumulation and antitumor
effect for transferrin-receptor-overexpressing cancer models.
Mol Pharm. 2012;9(7):1919-31. doi: 10.1021/mp300213g.

4. Ojima I. Modern molecular approaches to drug design and
discovery. Acc Chem Res. 2008;41(1):2-3. doi: 10.1021/
ar700158c.

5. Kreuter J. Nanoparticulate systems for brain delivery of drugs.
Adv Drug Deliv Rev. 2001;47(1):65-81. doi: 10.1016/s0169-
409x(00)00122-8.

6. Hillaireau H, Couvreur P. Nanocarriers’ entry into the cell:
relevanceto drug delivery. Cell Mol Life Sci. 2009;66(17):2873-
96. doi: 10.1007/s00018-009-0053-z.

7. Kumari A, Yadav SK, Yadav SC. Biodegradable polymeric
nanoparticles based drug delivery systems. Colloids
Surf B Biointerfaces. 2010;75(1):1-18. doi: 10.1016/j.
colsurfb.2009.09.001.

8. Cui Y, Xu Q, Chow PK, Wang D, Wang CH. Transferrin-
conjugated magnetic silica PLGA nanoparticles loaded
with doxorubicin and paclitaxel for brain glioma treatment.
Biomaterials.  2013;34(33):8511-20.  doi: 10.1016/j.
biomaterials.2013.07.075.

9. Guo J, Gao X, Su L, Xia H, Gu G, Pang Z, et al. Aptamer-
functionalized PEG-PLGA nanoparticles for enhanced anti-
glioma drug delivery. Biomaterials. 2011;32(31):8010-20.
doi: 10.1016/j.biomaterials.2011.07.004.

10. Lehar J, Krueger AS, Avery W, Heilbut AM, Johansen LM,
Price ER, et al. Synergistic drug combinations tend to
improve therapeutically relevant selectivity. Nat Biotechnol.
2009;27(7):659-66. doi: 10.1038/nbt.1549.

11. WangH, ZhaoY, WuY, Hu YL, Nan K, Nie G, et al. Enhanced
anti-tumor efficacy by co-delivery of doxorubicin and
paclitaxel with amphiphilic methoxy PEG-PLGA copolymer
nanoparticles. Biomaterials. 2011;32(32):8281-90. doi:
10.1016/j.biomaterials.2011.07.032.

12. Danbhier F, Lecouturier N, Vroman B, Jérdme C, Marchand-
Brynaert ], Feron O, et al. Paclitaxel-loaded PEGylated
PLGA-based nanoparticles: in vitro and in vivo evaluation.
) Control Release. 2009;133(1):11-7. doi: 10.1016/j.
jconrel.2008.09.086.

13. Musmade KP, Deshpande PB, Musmade PB, Maliyakkal

188 | Int Clin Neurosci J. Vol 7, No 4, Autumn 2020

@ journals.sbmu.ac.ir/Neuroscience


http://journals.sbmu.ac.ir/Neuroscience

Co-delivery of Anticancer Drugs Into Astrocytes

MN, Kumar AR, Reddy MS, et al. Methotrexate-loaded
biodegradable nanoparticles: preparation, characterization
and evaluation of its cytotoxic potential against U-343
MGa human neuronal glioblastoma cells. Bull Mater Sci.
2014;37(4):945-51. doi: 10.1007/512034-014-0030-5.
Singla AK, Garg A, Aggarwal D. Paclitaxel and its formulations.
Int J Pharm. 2002;235(1-2):179-92. doi: 10.1016/s0378-
5173(01)00986-3.

Scagliotti GV, Selvaggi G. Antimetabolites and cancer:
emerging data with a focus on antifolates. xpert Opin Ther
Pat. 2006;16(2):189-200. doi: 10.1517/13543776.16.2.189.
Begley DJ. ABC transporters and the blood-brain
barrier. Curr Pharm Des. 2004;10(12):1295-312. doi:
10.2174/1381612043384844.

Kim JY, Choi WI, Kim YH, Tae G. Brain-targeted delivery
of protein using chitosan- and RVG peptide-conjugated,
pluronic-based nano-carrier. Biomaterials. 2013;34(4):1170-
8. doi: 10.1016/j.biomaterials.2012.09.047.
Santander-Ortega MJ, Csaba N, Gonzélez L, Bastos-Gonzdlez

19.

20.

21.

22.

D, Ortega-Vinuesa JL, Alonso MJ. Protein-loaded PLGA-PEO
blend nanoparticles: encapsulation, release and degradation
characteristics. Colloid Polym Sci. 2010;288(2):141-50. doi:
10.1007/500396-009-2131-z.

Zhou J, Atsina KB, Himes BT, Strohbehn GW, Saltzman
WM. Novel delivery strategies for glioblastoma. Cancer J.
2012;18(1):89-99. doi: 10.1097/PPO.0b013e318244d8ae.
Karim R, Palazzo C, Evrard B, Piel G. Nanocarriers for the
treatment of glioblastoma multiforme: current state-of-the-
art. ] Control Release. 2016;227:23-37. doi: 10.1016/j.
jeonrel.2016.02.026.

des Rieux A, Fievez V, Garinot M, Schneider YJ, Préat V.
Nanoparticles as potential oral delivery systems of proteins
and vaccines: a mechanistic approach. J Control Release.
2006;116(1):1-27. doi: 10.1016/j.jconrel.2006.08.013.

Saad M, Garbuzenko OB, Minko T. Co-delivery of siRNA
and an anticancer drug for treatment of multidrug-resistant
cancer. Nanomedicine (Lond). 2008;3(6):761-76. doi:
10.2217/17435889.3.6.761

@ journals.sbmu.ac.ir/Neuroscience

Int Clin Neurosci J. Vol 7, No 4, Autumn 2020 [ 189


http://journals.sbmu.ac.ir/Neuroscience

