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A B ST R AC T

Objective(s): The present study was designed to evaluate of Metformin/Irinotecan-loaded poly-lactic-coglycolic acid (PLGA) nanoparticles (NPs) effects on glutamate re-uptake time and receptor expression
status in both glioblastoma multiforme (GBM) and cortex neuron cultures. The study was performed on
glioblastoma cell line and primer cortex neuron.
Materials and Methods: The re-uptake time and gene expression status of pure drugs and MET- or IRIloaded-PLGA NPs on healthy neuron cells and U-87 MG cell line were investigated by using glutamate
specific voltammetry electrodes technique and real time PCR.
Results: Both MET and MET-PLGA NPs (1 and 2 mM) exhibited significant cytotoxicity on both U87MG
and neuron cells. MET and MET-PLGA NPs (0.5 mM) showed lower cytotoxic effects on both cells. IRI and
IRI-PLGA NPs (100 µM) had significant cytotoxic effects on both cell lines.
Conclusion: All drug-loaded NPs caused a significant reduction in glutamate reuptake time compared with
free drugs, blank NPs and cancer cells control groups. Consequently, MET- and IRI-loaded PLGA NPs may
be a promising approach to treat GBM.
Keywords: EAAT1, Irinotecan, Metformin, PLGA, Voltammetry
How to cite this article
Taghizadeh-ghalehjoughi A, Hacimuftuoglu A, Cetin M, Busra Ugur Kaplan A, Butuner S , Taspinar N, Mohammadzadeh
M. The study of Metformin/Irinotecan-loaded PLGA nanoparticles effect on glutamate re-uptake time and alteration EAAT1
gene Expression level in vitro. Nanomed J. 2019; 6(1): 35-42. DOI: 10.22038/nmj.2019.06.005

INTRODUCTION
Glioblastoma multiforme (GBM) is most
aggressive of all (malignant) primary brain tumor,
with a median survival around 12–14 months [1].
Despite of all surgical, chemo and radiotherapy
advances, malignant GBM therapy remains a great
challenge [2]. GBM increases glutamate level in
synaptic area inducing toxicity to neuron cells
[3]. Glutamate have important role in cell-cell
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communication as excitatory neurotransmitter.
Glutamate potentially has ability to induce
neurotoxicity and degeneration when present
out of physiological condition transmiting all
electrical current from presynaptic neuron to post
synaptic neuron (synaptic area) [4-6]. Current
chemotherapeutics are limited by low selectivity
toward cancer cells, which causes unpleasant side
effects and harmful to healthy cells. Since the
neurons are not able to be regenerated, the GBM
cells must be killed selectively. Hence, it is crucial
to develope a new technology-based, and efficient
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Fig 1. Chemicals structure of poly-D,L-lactide-co-glycolide, irinotecan and
metformin

tumor cell-targeted therapy for treating GBM.
Polymeric nanoparticles (PNPs), especially
those prepared by poly-(DL-lactic-co-glycolic) acid
(PLGA), are widely used as tumor-targeting system
to deliver drugs to cancers cells [7]. Metformin
hydrochloride (MET) is frequently used to treat
type II diabetes, but it has been recently proved
that MET can be useful in cancer therapy as well
[8, 9]. MET regulates hyperglycemia by activating
5’-adenosine monophosphate-activated protein
(AMPK). Previous studies have shown that AMPK
has an inhibitory role on cancer cells by down
regulating the mammalian target of rapamycin
(mTOR) (10). Furthermore, MET is used against
gastric, skin, breast and T98G (type of glioblastoma
cancer) cancers [11-14].
Irinotecan hydrochloride (IRI), a semi-synthetic
competitive analogue of topoisomerase-I inhibitor,
is an important and affective chemotherapeutic.
It shows high activity against a wide spectrum of
malignancies, including GBM [15]. It was reported
that irinotecan is useful for colorectal, breast, and
glioblastoma cancers [16-19].
Voltammetry is a technique for measuring
the concentration of wide range of compounds
through their oxidation at an inert electrode
surface. Previously it has been proved that
this technique can be effectively used for
measuring the release and re-uptake amounts of
neurotransmitters [20]. Unlike routine methods,
voltammetric methods rapidly measure the
dynamic properties of neurotransmitters. Because
of these features, voltammetry has been shown to
cover all limitations of microdialysis method [21].
In this study, we investigated the effect of
metformin/irinotecan PLGA nanoparticleson GBM
and neurons. In vitro voltammetry test and PCR
were employed to quantify the glutamate reuptake time, receptor and transporter expression
levels on rat primary brain cortex neuron cells and
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GBM cultures.
MATERIALS AND METHODS
Chemicals and reagents
Irinotecan hydrochloride (IRI), poly-D,L-lactideco-glycolide (PLGA, Fig 1), Dulbecco modified
Eagles medium (DMEM), fetal calf serum (FCS),
neurobasal medium (NBM), phosphate buffer
solution (PBS), antibiotic antimitotic solution
(100×), L-glutamine and trypsin–EDTA were
obtained from Sigma-Aldrich (St. Louis, MO, USA).
Metformin hydrochloride (MET) was a generous
gift from Sandoz (a Novartis Company, Turkey).
Preparation of MET-PLGA NPs and IRI-PLGA NPs
NPs were obtained as reported in our previous
study [22]. For the preparation of MET-PLGA
NPs, PLGA was dissolved in ethyl acetate, then
was dropped into 3% PVA aqueous solution
containing MET and emulsified with an ultrasonic
probe (Sonoplus HD 2070; Bandelin Electronics,
Germany).
The organic phase was removed using a rotary
evaporator at 45°C. Following centrifugation at 5000
rpm, the collected supernatant was centrifuged
at 13500 rpm to collect NPs. The NPs were
resuspended in ultrapure water and lyophilized
for 24 hr. For IRI-PLGA NPs, PLGA was dissolved
in dichloromethane and then, IRI solution in
acetonitrile was added dropwise into PLGA solution
to obtain the organic phase. The organic phase
was added into PVA aqueous solution (3%, w/v)
and emulsified using an ultrasonic probe. The rest
of the procedures were similar to aforementioned
method used for the preparation of MET-PLGA NPs.
Blank NPs were prepared using the same procedures
mentioned above without adding MET or IRI.
Characterization of MET-PLGA NPs and IRI-PLGA NPs
The surface morphology of the nanoparticle

Nanomed. J. 6(1): 35-42, Winter 2019

A. Taghizadeh-ghalehjoughi et al. / evaluation of Metformin-/Irinotecan-Loaded PLGA Nanoparticles effects on neuron and GBM cells culture

formulations was examined by using scanning
electron microscope (NOVA NanoSEM 430, FEI,
Czech Republic). The mean particle sizes and
zeta potentials of the NPs were determined by
the Zetasizer 3000 HS (Malvern Instruments,
UK). The MET and IRI contents iof NPs were
determined using a validated UV method (UVVis spectrophotometer; Beckman Coulter- DU®
730, USA) and measurements were performed
at 232 nm for MET and 221 nm for IRI. Then the
encapsulation efficiency (EE%) values of the METand IRI-PLGA NPs were calculated.
Cell culture
Neuron culture
Primary neuron cortex culture was isolated
and cultured as previously described [22]. Briefly
cortical neurons were extracted from the brain
of one-day-old Sprague Dawley rats. The cells
were centrifuged at 1000 g for 5 min and the cells
were suspended in neuron basal medium (NBM)
supplemented with 10% fetal bovine serum, 2%
B27 supplement (50X) (Life Technologies, Carlsbad
USA) and 0.1% penicillin/streptomycin at a density
of 1×105 cells. Each well contain 100 µl medium
placed in a humidified incubator (37 °C with 5%
CO2)(23, 24).

Fig 2. Neuron cells culture view (20× magnitude)

Glioblastoma cell line
U87MG cell line is used widely for modeling
of aggressive brain cancer. The U87MG cells were
obtained from Ataturk University, Department
of Medical Pharmacology, Faculty of Medicine
(Erzurum, Turkey). Prior to experiments, cells
were grown in 25 cm2 culture flasks in RPMI 1640
(Sigma-Aldrich) supplemented with 1% glutamine,
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1% penicillin/streptomycin and 10% fetal bovine
serum at 37 ◦C in a humidified (95%) incubator
with CO2 (5%). The cultured cells were trypsinised
with 0.25% trypsin/EDTA for 3 min and then were
seeded in a 96-well plate, each well received 100
µl medium with 1×105 cells (2).

Fig 3. U87MG cells culture view (20× magnitude)

Drug treatment
Cells were treated with each drug separatly in
12 separate groups. Either free or encapsulated IRI
(1 and 10 µg) and MET (0.5, 1 and 2 mM) in PLGA
and control groups were added to cells (normal
control, cancer control and PLGA control).
Voltammetry
Microelectrodes and calibration
Microelectrodes
were
obtained
from
Pronexus Analytical (Stockholm, Sweden).
The real-time monitoring of rapid changes in
extracellular levels of glutamate in the central
nervous system was provided by fast analytical
sensing technology (FAST). S2 type, glutamate
oxidase and nafion-coated multisite ceramic
microelectrodes was used in this study. The
microelectrodes have platinum (Pt) recording sites
with Pt connecting lines. Calibration tests were
performed amperometrically in 0.7 voltage for in
vitro voltammetry. The ceramic microelectrode
amplifies head stage by being attached to a FAST
16 system. An Ag/AgCl commercial electrode was
also attached to the head stage which functioned
as the reference electrode. Calibration tests were
involved placement of the electrodes in a stirred
40-ml of 0.1 M phosphate buffered saline (PBS; pH
7.4 Sigma, St. Louis, MO, USA) solution. Different
layers on microelectrode were shown in Fig 4 [21].
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buffer (5x4 µl), RT primer mix (1 µl) and RNA
(14 µg) were mixed and placed in the RT-PCR
device. This mixture was heated at 42 degrees for
15 min and subsequently at 95 degrees for 3 min
and then it was kept at -20 degree.

Fig 4. The S2 electrode view of FAST 15 device. A) is self
refrence and B) is main sensore surface (contained GluOx/
FAD enzyme nafion)

L-glutamate+H2O+GluOx/FAD → α-ketoglutarate
+ NH3 + GluOx/FADH2GluOx/FADH2 + O2 → GluOx/
FAD + H2O2
In vitro voltammetry
Microelectrodes were used to record the reuptake parameters of glutamate from the cell
culture wells. After calibration, culture plates
were placed in the middle of a circulating water
bath that holds the temperature constant at 37
°C. Electrodes were carefully placed in wells.
For determmining the L-glutamate re-uptake, a
solution of L-glutamate (10−5 M) was injected into
the culture media, followed by the determination
of the 80% of reuptake time (t80) [25, 26].
PCR
RNA isolation
Isolation was performed by using the Qiagen
RNA isolation kit. Briefly, 1 μg/ml Qiazole solution
was added to cells for 5 minutes. Then, 200 µl
chloroform was added in 15 seconds, and kept at
room temperature for 2-3 minutes. Both samples
and colorless fluid of the top were transferred to
another tube and vortexed by adding ethanol.
A sample (700 µl) was taken and centrifuged at
room temperature at 8.000 g for 15 seconds [27].
cDNA synthesis
2 µl from the genomic DNA wipeout
buffer solution and 1 µg RNase free water
were prepared to have a total volume of 14
µl. The mixture were kept at 42 degrees for
2 min, then they were placed in ice. Reverse
transcription master mix (1 µl), Quant script RT
38

Determination of EAAT1 expression
Right and left primary (Realtime ready, Roche,
Switzerland) 0.25 µl, probe 0.15 µl, cDNA 3 µl,
master mix 3 µl and 12.75 distilled water were
added in each tube and adjusted to have a final
volume of 20 µl. It was incubated at 95 degree for
600 seconds and then, a total of 45 cycles were
performed at 95 degree for 10 seconds followed
by 60 degree for 30 seconds. The results were
compared with the control group.
Data analysis
The statistical analysis was performed by oneway analysis of variance (ANOVA) and Tukey’s
HSD using the SPSS 20.0 software. P<0.05 was
considered as statistically significant difference for
all tests.
RESULTS
The SEM images of MET- and IRI-PLGA NPs
revealed that the NPs were approximately spherical
and in the nano-size range. The mean particle sizes
and zeta potential values of MET- and IRI-PLGA
NPs were 300±5.87 nm and 216±4.48 nm and
-0.121±0.26 mV and -16.37±1.86 mV, respectively.
The EE% values for MET- and IRI-PLGA NPs were
2.30±0.41% and 12.39±0.66%, respectively. Due to
the leakage of the drugs to the external medium
during preparation of NPs, low EE% was observed.
In cell culture studies, voltammetry state
change of glutamate transporter activity when
exposed to IRI (1 and 10 µgr), MET (0.5, 1, 2 mM),
blank PLGA NPs and IRI/MET-PLGA NPs on both
cultures were shown in Figure 5. According to our
data, glutamate t80 in neuron and U87MG control
group was 3 and 86 seconds, respectively. It
indicates that glutamate was rapidly re-uptaken by
neurons in comparison to GBM cells. In addition,
our data showed that blank PLGA did not change
t80 meaningfully compared with control groups.
Free IRI at both concentrations decreased t80
nearly four times in GBM culture compared to
control group (P<0.001) but t80 in neuron culture
only at 10 µg showed significance difference
(P<0.05). Free MET reduced t80 concentration
dependently from 35.2 to 24 in GBM culture
(P<0.001) but t80 culture containing MET (2 mM)
Nanomed. J. 6(1): 35-42, Winter 2019
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Table 1. T80 time of voltammetry result of GBM and Neuron cell culture
U87MG

Neuron

Mean

±

st.d

Mean

±

st.d

Control Group

86

±

8,49

3

±

0,230

Blank PLGA

78

±

2,43

3,1

±

0,010

İrinotecan 1 µgr

23,5

±

2,79

**

2,5

±

0,013

İrinotecan 10 µgr

21

±

2,51

**

1,7

±

0,015

*

Metformin 2 mM

24

±

0,73

**

1,8

±

0,009

*

Metformin 1 mM

29,28

±

2,91

**

2,8

±

0,010

Metformin 0.5 mM

35,2

±

2,24

**

3,3

±

0,030

İrinotecan PLGA 1 µgr

23

±

0,23

**

2,4

±

0,090

İrinotecan PLGA 10 µgr

7,1

±

0,12

**

0,7

±

0,004

**

Metformin PLGA 2 mM

11,14

±

1,72

**

0,5

±

0,002

**

Metformin PLGA 1 mM

21,38

±

1,72

**

1,5

±

0,001

*

Metformin PLGA 0.5 mM

28,5

±

1,02

**

2,75

±

0,004

*P<0.05, **P<0.001
Table 2. EAAT1 glutamate transporter expression level (mean±St.d) of GBM and Neuron cell culture
Neuron Culture

U87MG Cell Line

SLC1A 2c

SLC1A 2c

Mean

st.d

Mean

st.d

Control Group

1,000

±

0,058

1,000

±

0,347

Blank PLGA

0,96

±

0,050

1,030

±

0,490

İrinotecan 1 µgr

0,023

±

0,001

**

49,641

±

1,765

**

İrinotecan 10 µgr

0,012

±

0,000

**

64,737

±

6,280

**

Metformin 2 mM

0,027

±

0,000

**

151,364

±

14,868

**

Metformin 1 mM

0,586

±

0,701

*

27,395

±

0,996

**

Metformin 0.5 mM

0,023

±

0,001

**

18,451

±

0,860

**

İrinotecan PLGA 1 µgr

0,379

±

0,107

**

4,750

±

0,599

İrinotecan PLGA 10 µgr

0,034

±

0,000

**

24,002

±

0,721

**

Metformin PLGA 2 mM

0,041

±

0,000

**

24,193

±

0,996

**

Metformin PLGA 1 mM

0,011

±

0,000

**

12,901

±

0,860

**

Metformin PLGA 0.5 mM

0,559

±

0,116

**

8,119

±

0,476

**

*P<0.05, **P<0.001

exhibited significant difference with control group
(P<0.05). IRI/MET PLGA NPs groups decreased
t80 more effectively than free drugs especially at
Nanomed. J. 6(1): 35-42, Winter 2019

higher concentration of both IRI and MET (7.1 and
11.14, respectively) (P<0.001). However, in neuron
cells, MET-PLGA NPs (2 Mm) were more effective
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than IRI-PLGA NPs (10 µg) (P<0.001). In addition,
low concentration of MET-PLGA NPs did not
decrease t80 time in neuron cells. It is obvious that
both IRA and MET were more effective on U87MG
than on neurons (table 1).
Glutamate transporter expression level was
shown in table2. The control group value was set to
1 and all other values were reported according to
control group. Blank PLGA EAAT1 expression were
close to control group and did not show statically
difference in comparison to control group. Free
IRI groups decreased transporter expression
levels nearly 4 times compared to neurons control
group (P<0.001). In GBM culture, transporter gene
expression increased up to 49 and 64-fold in a
dose-dependent manner compared to control
groups. It indicated that the transporter level
increased and GBM cells now were able to reuptake glutamate from the environment. Free
MET also decreased gene expression level in
neurons but not as effective as free IRI group in
neuron cell culture. Free MET effectively and dosedependently increased transporter expression
level up to 151 folds. The gene expression level of
IRI-PLGA NPs were similar to free drugs in neurons
but in GBM culture, expression level were low
compared to free IRI. These data needs to be
more investigated. When we look at voltammetry
results, time dependent IRI release from vehicle
showed glutamate re-uptake t80 increased in
GBM cancer cells. MET-PLGA NPs increase the t80
in GBM cancer cells dose dependently up to 24
folds.

DISCUSSION
Drug-loaded NPs can effectively control the
cancer cell proliferation and distribution profile
by decreasing drug dosage thereby enhancing
the antitumor efficacy [26]. In current study, we
investigated the effects of MET- and IRI-loaded
PLGA NPs on neuron and U87MG cultures. For this
aim, firstly, MET- and IRI-loaded PLGA NPs were
prepared and characterized. Then, voltammetry
and gene expression level were evaluated in cells
incubated with either MEt or IRI after 24 hr.
MET is a cytostatic agent activating AMPkinase (AMPK) leading to inhibition of the mTORsignalling pathway (28). Recently, it was suggested
that MET can directly reduce glutamate toxicity
effect. Because of these reports, Zhou et al. (29)
showed that metformin greatly enhanced cell
viability against glutamate-induced neurotoxicity.
40

In addition, according to their study, metformin
significantly attenuated neuronal apoptosis in
glutamate-treated cerebellar granule neurons
not only by reducing cytochrome c release and
caspase-3 activation but also by phosphorylation
of MAP kinases. Our results suggested that
metformin was able to directly inhibit glutamate
induced excitotoxicity in neurons by reducing
EAAT1 transporter and increasing EAAT1 in GBM to
increase cell susceptibility to glutamate. However,
our voltammetry results showed that transporter
activity and t80 period after MET administration
significantly changed. At the same time, MET was
able to inhibit migration of U-87 MG cells because
of invasive behavior of GBM and mainly their
uncontrolled cellular proliferation (30). On the
other hand, IRI, is an important drug for cancer
therapy, especially, in combination with other
types of chemotherapy agents (31). IRI firstly, was
used for the treatment of small and non-small cell
lung, ovarian and cervical cancers in Japan (32).
After two years, it was approved for the treatment
of metastatic colorectal cancer in the United
States (33). Animal studies showed that IRI has a
significant anticancer activity against an extensive
panel of subcutaneous and intracranial human
GBM, ependymoma, and medulloblastoma
xenografts (34). Likewise, Friedman et al. (35)
reported that IRI has favorable activity in adult
patients with recurrent malignant glioma.
This data has correlated with the finding of
the current study. IRI NPs significantly increased
the expression level of glutamate transporter
close to 151 folds and glutamate excitotoxicity
induced apoptosis and death of GBM cells. In
addition, IRI NPs significantly decreased the level
of transporter expression compared to control
group which indicated that glutamate uptake by
neuron decreased.
CONCLUSION
In current study, metformin has direct effect
on glutamate re-uptake similar to irinotecan but
the effect of metformin on neurons is significantly
higher than that of irinotecan. We suggest that
metformin and irinotecan can be used in GBM
patients.
ACKNOWLEDGEMENTS
This work was supported by the Scientific
and Technological Research Council of Turkey
(TÜBİTAK, Project Number: 113S083).
Nanomed. J. 6(1): 35-42, Winter 2019

A. Taghizadeh-ghalehjoughi et al. / evaluation of Metformin-/Irinotecan-Loaded PLGA Nanoparticles effects on neuron and GBM cells culture

ETHICAL APPROVAL
This study was conducted at the Medical
Experimental Research Center in Ataturk University
(Erzurum, Turkey). The ethical committee of
Ataturk University approved the study protocol
(42190979-01—02/2411).
REFERANCE

1.Anjum K, Shagufta BI, Abbas SQ, Patel S, Khan I, Shah SAA.
Current status and future therapeutic perspectives of
glioblastoma multiforme (GBM) therapy: A review. Biomed
Pharmacother. 2018; 101: 820.
2.Taghizadehghalehjoughi A, Hacimuftuoglu A, Cetin M,
Ugur AB, Galateanu B, Mezhuev Y. Effect of metformin/
irinotecan-loaded poly-lactic-co-glycolic acid nanoparticles
on glioblastoma: in vitro and in vivo studies. NanomedicineUk. 2018; 13(13): 1595-1606.
3.Das A, Learn J, Le MT, Yu J, Pikul B, Black K. Treatment of
recurrent anaplastic astrocytoma (AA) and glioblastoma
multiforme (GBM) with the glutamate antagonist riluzole.
Neuro-Oncology. 2004; 6(4): 373.
4.Curry RJ, Peng K, Lu Y. Neurotransmitter- and Release-ModeSpecific Modulation of Inhibitory Transmission by Group
I Metabotropic Glutamate Receptors in Central Auditory
Neurons of the Mouse. J Neurosci. 2018; 38(38): 8188781899.
5.Dar NJ, Satti NK, Dutt P, Hamid A, Ahmad M. Attenuation
of Glutamate-Induced Excitotoxicity by Withanolide-A in
Neuron-Like Cells: Role for PI3K/Akt/MAPK Signaling
Pathway. Mol Neurobiol. 2018; 55(4): 2725-2739.
6.Sheahan TD, Valtcheva MV, Mcllvried LA, Pullen MY,
Baranger DAA, Gereau RW. Metabotropic Glutamate
Receptor 2/3 (mGluR2/3) Activation Suppresses TRPV1
Sensitization in Mouse, But Not Human, Sensory Neurons.
Eneuro. 2018; 5(2).
7.Xu Y, Kim CS, Saylor DM, Koo D. Polymer degradation and
drug delivery in PLGA-based drug-polymer applications: A
review of experiments and theories. Journal of biomedical
materials research Part B, Applied biomaterials. [Review
Research Support, Non-U.S. Gov’t]. 2017; 105(6): 16921716.
8.Park J, Pham HV, Mogensen K, Solling TI, Vad Bennetzen M,
Houk KN. Hydrocarbon Binding by Proteins: Structures
of Protein Binding Sites for >/=C Linear Alkanes or LongChain Alkyl and Alkenyl Groups. The Journal of organic
chemistry. 2015.
9.Morales DR, Morris AD. Metformin in cancer treatment and
prevention. Annual review of medicine. 2015; 66:17-29.
10.Chiang CF, Chao TT, Su YF, Hsu CC, Chien CY, Chiu KC,
et al. Metformin-treated cancer cells modulate macrophage
polarization through AMPK-NF-kappa B signaling.
Oncotarget. 2017; 8(13): 20706-20718.
11.Greenhill C. Gastric cancer: Metformin improves survival
and recurrence rate in patients with diabetes and gastric
cancer. Nature reviews Gastroenterology & hepatology.
2015.
12.Reddi A, Powers MA, Dellavalle RP. Therapeutic potential
of the anti-diabetic agent metformin in targeting the skin
cancer stem cell diaspora. Experimental dermatology.
2014; 23(5): 345-346.
13.Orecchioni S, Reggiani F, Talarico G, Mancuso P, Calleri A,
Nanomed. J. 6(1): 35-42, Winter 2019

Gregato G, et al. The biguanides metformin and phenformin
inhibit angiogenesis, local and metastatic growth of breast
cancer by targeting both neoplastic and microenvironment
cells. Int J Cancer. 2015; 136(6): 534-544.
14.Ucbek A, Ozunal ZG, Uzun O, Gepdiremen A. Effect of
metformin on the human T98G glioblastoma multiforme
cell line. Exp Ther Med. 2014; 7(5): 1285-1290.
15.Chang TC, Shiah HS, Yang CH, Yeh KH, Cheng AL, Shen
BN. Phase I study of nanoliposomal irinotecan (PEP02) in
advanced solid tumor patients. Cancer chemotherapy and
pharmacology. 2015.
16.Sendur MA, Ozdemir N, Ozatli T, Yazici O, Aksoy S, Ekinci
AS. Comparison the efficacy of second-line modified EOX
(epirubicin, oxaliplatin, and capecitabine) and irinotecan,
5-fluorouracil, and leucovorin (FOLFIRI) regimens in
metastatic gastric cancer patients that progressed on firstline modified docetaxel and cisplatin plus fluorouracil
(DCF) regimen. Medical oncology. 2014; 31(9): 153.
17.Yoshino K, Nakamura K, Terajima Y, Kurita A, Matsuzaki
T, Yamashita K. Comparative studies of irinotecan-loaded
polyethylene glycol-modified liposomes prepared using
different PEG-modification methods. Bba-Biomembranes.
2012; 1818(11): 2901-2907.
18.Sepehri N, Rouhani H, Tavassolian F, Montazeri H,
Khoshayand MR, Ghahremani MH. SN38 polymeric
nanoparticles: in vitro cytotoxicity and in vivo antitumor
efficacy in xenograft balb/c model with breast cancer versus
irinotecan. International journal of pharmaceutics. 2014;
471(1-2): 485-497.
19.Kuroda J, Kuratsu J, Yasunaga M, Koga Y, Kenmotsu H,
Sugino T. Antitumor effect of NK012, a 7-ethyl-10hydroxycamptothecin-incorporating polymeric micelle,
on U87MG orthotopic glioblastoma in mice compared
with irinotecan hydrochloride in combination with
bevacizumab. Clinical cancer research : an official journal
of the American Association for Cancer Research. 2010;
16(2): 521-529.
20.Cetin D, Hacimuftuoglu A, Aricioglu F, Okkay U, Ozcan
H. The importance of the re-uptake time of glutamate
in the neurobiology of depression and anxiety. Eur
Neuropsychopharm. 2014; 24: S252-S.
21.Hacimuftuoglu A, Tatar A, Cetin D, Taspinar N, Saruhan
F, Okkay U. Astrocyte/neuron ratio and its importance
on glutamate toxicity: an in vitro voltammetric study.
Cytotechnology. 2016; 68(4): 1425-1433.
22.Taghizadehghalehjoughi A, Hacimuftuoglu A, Cetin M,
Ugur AB, Galateanu B, Mezhuev Y. Effect of metformin/
irinotecan-loaded poly-lactic-co-glycolic acid nanoparticles
on glioblastoma: in vitro and in vivo studies. Nanomedicine
(Lond). [Research Support, Non-U.S. Gov’t]. 2018; 13(13):
1595-1606.
23.Kamalak H, Kamalak A, Taghizadehghalehjoughi A,
Hacimuftuoglu A, Nalci KA. Cytotoxic and biological
effects of bulk fill composites on rat cortical neuron cells.
Odontology. 2018; 106(4): 377-388.
24.Yesilyurt F, Taghizadehghalehjoughi A, Hacimuftuoglu A.
ACTH and Amlodipine Effects on Neuroblastoma and
Cortical Neurons. Neuroendocrinology. 2018; 107: 19.
25.Gepdiremen A, Duzenli S, Hacimuftuoglu A, Bulucu D,
Suleyman H. The effects of melatonin in glutamate-induced
neurotoxicity of rat cerebellar granular cell culture. Jpn J
Pharmacol. 2000; 84(4): 467-469.
26.Gepdiremen A, Hacimuftuoglu A, Duzenli S, Oztas S,

41

A. Taghizadeh-ghalehjoughi et al. / evaluation of Metformin-/Irinotecan-Loaded PLGA Nanoparticles effects on neuron and GBM cells culture

Suleyman H. Effects of salicylic acid in glutamate- and
kainic acid-induced neurotoxicity in cerebellar granular cell
culture of rats. Pharmacol Res. 2000; 42(6): 547-551.
27.Deng B, Wang WH, Deng LL, Yao SX, Ming J, Zeng KF.
Comparative RNA-seq analysis of citrus fruit in response
to infection with three major postharvest fungi. Postharvest
Biol Tec. 2018; 146: 134-46.
28.Capeloa T, Caramelo F, Fontes-Ribeiro C, Gomes C, Silva AP.
Role of Methamphetamine on Glioblastoma Cytotoxicity
Induced by Doxorubicin and Methotrexate. Neurotox Res.
2014; 26(3): 216-27.
29.Chaudhary SC, Kurundkar D, Elmets CA, Kopelovich L,
Athar M. Metformin, an Antidiabetic Agent Reduces
Growth of Cutaneous Squamous Cell Carcinoma by
Targeting mTOR Signaling Pathway. Photochem Photobiol.
2012; 88(5): 1149-1156.
30.Beckner ME, Gobbel GT, Abounader R, Burovic F, Agostino
NR, Laterra J. Glycolytic glioma cells with active glycogen
synthase are sensitive to PTEN and inhibitors of PI3K and
gluconeogenesis. Lab Invest. 2005; 85(12): 1457-70.

42

31.Pare L, Baiget M. Irinotecan Pharmacogenetics: Influence
of Pharmacodynamic Genes (vol 15, pg 1788, 2008). Clin
Cancer Res. 2009 Dec 1;15(23):7449-.
32.Tadokoro J, Kakihata K, Shimazaki M, Shiozawa T, Masatani
S, Yamaguchi F. Post-marketing Surveillance (PMS) of
all Patients Treated with Irinotecan in Japan: Clinical
Experience and ADR Profile of 13 935 Patients. Jpn J Clin
Oncol. 2011; 41(9): 1101-1111.
33.Rothenberg ML. Irinotecan (CPT-11): Recent developments
and future directions-colorectal cancer and beyond.
Oncologist. 2001; 6(1): 66-80.
34.Patel VJ, Elion GB, Houghton PJ, Keir S, Pegg AE, Johnson
SP. Schedule-dependent activity of temozolomide plus
CPT-11 against a human central nervous system tumorderived xenograft. Clin Cancer Res. 2000; 6(10): 4154-4157.
35.Friedman HS, Petros WP, Friedman AH, Schaaf LJ, Kerby T,
Lawyer J, et al. Irinotecan therapy in adults with recurrent
or progressive malignant glioma. J Clin Oncol. 1999; 17(5):
1516-1525.

Nanomed. J. 6(1): 35-42, Winter 2019

