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ABSTRACT
In recent years, investigating pharmacogenetics and effects of corona protein nanomaterial in biological
applications has been seriously considered for the treatment of human diseases. In this study, the
mechanism of apoptosis induced by Magnevist conjugated dendrimer was investigated to compare
Magnevist as a contrasting agent on MCF-7 cells. Cytotoxicity effects of new Magnevist conjugated
dendrimer was evaluated by using MTT assay. Also, In order to demonstrate the effect of drugs on the
apoptosis, a quantitative method real-time PCR was used. The interaction of plasma proteins was
investigated by Magnevist conjugated dendrimer compared with Magnevist using SDS-PAGE technique
to determine the fate of nanoparticles. Result of study revealed that it quite significantly affects Bax and
increasing apoptosis. Its effect on Bcl2 is more than net gadopentetic acid and almost equivalent to the
effect of dendrimer alone. In fact, a significant increase was observed in Bax compared to the control
group, and no significant effect was observed on BCL2 gene. Also, corona protein was investigated and
the protein with weight less than 70 kDa was observed around a nanoparticle that seems albumin protein
with a molecular weight of 67 kDa. Conducted study revealed the acceptable therapeutic effect of
Magnevist conjugated dendrimer and it was comparable with in vitro Magnevist model of breast cancer.
Therefore, the use of the denderimer can be effective on increasing expression of some proapoptoticgenes and provided a new perspective in clinical diagnostic.
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1 Introduction
After cardiovascular diseases, cancer is the second leading
cause of death in the United States of America (Abdelhady,
2012). In developing countries men, the most common types of
reported cancers are prostate, lung, colorectal cancers, while in
women these are breast, lung and colorectal cancers. However,
in developed countries this picture slightly changes and the
most common types of cancers in men included stomach, lung
and liver and in women these are breast, cervical and stomach
cancers (Anand et al., 2008). Now in these days, the main
focus of cancer research is to search anticancer agents with
high safety coefficient and more acceptability rate among
patients (Carr et al., 1984; Wray et al., 2005; Deuflhard et al.,
1997). Recently, treatment based on the molecular markers/
technique proved very much progressive and showed high
specificity against tumor cells. These techniques opened new
doors in the field of cancer research and reduced the risk of
toxicity (Wang et al., 2008).
In addition, they can be used in combination with
chemotherapy or radiation therapy for synergistic anti-cancer
activity. Therefore, the targeted treatment has been as a new
and promising approach for cancer treatment (Fox, 2000).The
phenomenon of apoptosis are playing important role in the
cancer management. In this process without damaging the
surrounding cells or tissues unwanted, damaged and dangerous
cells can be removed. Apoptosis induction is one of the most
important methods for destroying cancer cells without
complication (Abdelhady, 2012). Cancer cells normally escape
from apoptosis; one of the reasons for this is the change in the
expression of genes involved in the regulation of this process
(Carr et al., 1984).
More anti-cancer agents apply their therapeutic effects by
inducing programmed cell death. The Bcl-2 protein can play a
vital role in the creation and inhibition of apoptosis in cells.
This protein regulates the activity of caspase enzymes in
apoptosis pathway. Further, this Bcl-2 protein releases
cytochrome c from mitochondria, which leads to activation of
caspase-9 and then caspase-3. It ultimately leads to the cell
suicide (Cree, 2011). Gadolinium-containing drugs could be
divided into different types based on ligands binding to them
(chelates), the most important are DTPA, HP-DO3, and
DTPA-BMA.
These ligands can be linear or cyclic (Klajnert & Bryszewska,
2001). In theory, cyclic gadolinium chelates are more stable
than linear ones. Moreover, these compounds can be ionic or
nonionic. Nonionic solutions produce lower osmolarity rate in
the solution and hence are more appropriate contrast agents.
Now in these days, many researches are actively involved in
the design and construction of ligands due to their tight binding
to the gadolinium ion. Gadopentetate dimeglumine drug is one
of the oldest contrast agents used in MRI. It is approved by
American Food and Drug Administration (FAD) and is
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consumed through injection (Hijazi & Boulieu, 2002; Milenic
et al 2004).
In fact, this compound is composed of N- methyl-glucosamine
salt of gadolinium-containing DTPA complex. It is
MAGNEVIST® brand and is prepared as a sterile aqueous, a
clear, colorless to pale yellow solution for intravenous
injections. Dendrimers are spherical hyper branched units that
have polymer branches with different size. They also have
symmetrical spherical shape and a lot of spaces in their
structure, in which drugs can be safely placed (Milenic et al.,
2004). Each of the dendrimer branches is called dendron.
Ideally a dendrimer is divided into three parts including core,
inner shell and the outer shell (Mansfield & Pykett, 1978). The
synthetized dendrimers should have different capabilities in
each of these areas for controlling properties such as solubility,
thermal stability and the number of branches. Moreover, they
also can have protein or polymer cores (linear, branchedand
spherical).
The objective of present study was to investigate the radio
pharmacogenetic effects of Magnevist conjugated dendrimer
compared with Magnevist on cytotoxicity and the Bcl2.
Further, the effects of plasma protein aggregation or binding
on the Magnevist conjugated dendrimer compared with
Magnevist protein corona technique was also investigated in
the present study.
2 Materials and Methods
2.1 Dendrimer synthesis
Initially, 2.5 to 3 mL of liquid polyethylene glycol (600) was
taken in the container and it was followed by the addition of
4mL of DMSO solvent. Afterwards, 1g of DCC (D
cyclohexane Hexyl carbo di imide) was added in this solution.
Later on, citric acid dendrimer was synthesized with
polyethylene glycol core in the first stage and in the end of this
dendrimers were functionalized in the presence of DCC using
imidazole functional groups. After 5 minutes of this, 1 mL of
citric acid was added in this mixture (Reaction was performed
at room temperature) and left it for two hours.
2.2 Purification
In purification, synthesized dendrimer were separated from the
impurities such as citric acid, and unreacted DCC. In the first
step of purification, 5ml of water was added in this synthesized
dendrimer solution, DCC is insoluble in water while the
dendrimers are soluble. This mixture was passed through the
simple filter paper where dissolved dendrimers passed through
the paper while precipitate DCC remained on filter paper. In
second step of purification, the mixture passed through
sephadex advanced column for the separation of citrus
solutions impurities.
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2.3 Adding the dendrimer to the gadopentetic acid drug
In this step, 5ml of gadopentetic acid (469) mixed with 5ml of
dendrimer (234.5) in a vial and the mixture was sonicated for
10 minutes in sonicator (model KST 7703) and stored at
refrigerator.
2.4 Determine the viability percentage by MTT test assay
The breast cancer MCF-7 cell line was purchase from pasture
institute of Iran. For performing MTT assay, cells were
cultured in 96-well cell culture containers containing RPMI1640
medium supplemented by 10% fetal bovine serum (FBS).
Different concentrations of Magnevist conjugated dendrimer
(0, 3.125, 6.25, 12.5, 25, 50 and 100 M) were prepared and
100 ml of each of pre-made concentrations of gadopentetic
acid nanoparticle was added in cultured cells. 100 mL of MTT
(0.5%) dye was added in to each cultured well. This was
followed by the storing cultural plate in incubator and later on
cells were evacuated and 100 mL of DMSO is added to each
plate and the culture container is placed at room temperature
for 30 minutes. In the next stage, the absorption rate was
measured at 570 nm using Elisa Reader. The survival rate of
Magnevist conjugated dendrimer treated breast cancer cells,
was calculated by using following formula:
Cytotoxicity percentage = 1- (mean absorbance of toxicant
treated cells) / (mean absorbance of negative control) × 100
To determine the 50% lethal dose of Magnevist conjugated
dendrimerin MCF-7 cell lines of cancer cells, all information
obtained (toxicity amount) from samples and controls were
investigated using Pharm-PCS statistical package software and
the exact amount of the related IC50 was determined.
2.5 Identification and estimation of gene expression by PCR
Initially, 2×106 cells were poured into T-25 flasks and were
treated by using different concentrations of Magnevist
conjugated dendrimer for 24 hrs. RNA of the selected cells
were extracted by a method given by Hahn et al. (2011) in five
steps i.e. homogenization, separation, precipitation, washing

and re-dissolving of RNA. Cells were separated by using
trypsin and PBS at 1100rpm centrifugation. These separated
cells were mixed with 1 ml of cold RNA extraction solution,
this mixture were homogenized on vertex shaker.
Homogenized samples were incubated five minutes at room
temperature and 200ml of chloroform was added in this
mixture. These microtubes are now shaken strictly by hand for
15 seconds and stored at room temperature for 5 minutes.
After five minutes, these tubes were centrifuged for 15 minutes
at 12000 rpm at 4°C. Supernatant colorless aqueous solution
were separated and collected in other micro tubes. Isopropyl
alcohol was added in these tubes supernatant aqueous solution
containing tubes and again the samples were centrifuged at
12000 rpm for 15 minutes at 4°C. Extracted RNA was
sediment on the bottom of the tube and the supernatant were
emptied. RNA pallets were washed one with 75% ethanol and
dried in the air for 5 to 10 minutes. These RNA pallets were
dissolving in DEPC water and stored at -70⁰C. Later, the
quantity and purity of the extracted RNA was determined using
photo-nanometer (IMPLEN GmbH, Germany). For
complementary DNA (cDNA) synthesis, the Revert AidTM
First Strand cDNA Synthesis Kit (Fermentas, USA) were used
according to protocol. The reaction mixture contains 1g of
RNA, 5 L reaction buffer, 0.5L of primer Oligo (dT), 0.5
mL of randomized hexamer primer, 2-ml deoxynucleotide
triphosphate mixture (10 mM), 1 µl of the enzyme RNase
inhibitor (20 units per microliter), 1 µl reverse transcriptase MMulV and H2O DEPC (to a final volume of 20L). The PCR
reaction was performed using iCycler Thermal Cycler (BioRad, Hercules, CA, USA).
2.6 Primer Design
In order to design primers, the cDNA sequences of genes were
initially obtained from GenBank and then best gene region was
determined for these primers using Primer express software
v.3.0 (Applied Biosystems, USA). To ensure the accuracy of
the primer sequences and the absence of their non-specific
binding to sequences in other parts of the genome, primers
were blasted (http://www.ncbi.nlm.nih.gov/blast) (Table 1).

Table 1 Primers used in real time PCR reactions for present study.
Gene of interest
Bcl-2
Bax
GAPDH

Primer sequence
Forward: 5'- TGTGGATGACTGAGTACCTGAACC-3'
Reverse: 5'-CAGCCAGGAGAAATCAAACAGAG-3 '
Forward: 5'-TTGCTTCAGGGTTTCATCCAG-3'
Reverse: 5'-AGCTTCTTGGTGGACGCATC-3'
Forward: 5'-CGTCTGCCCTATCAACTTTCG-3'
Reverse: 5'-CGTTTCTCAGGCTCCCTCT-3'
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2.7 Real-time RT- PCR

3 Results

Real Time PCR method was carried out in 3 steps in first step,
denaturation of cDNA molecules and activation of the
polymerase enzyme was done as follows: 95° C for 10
minutes; while in the second stage at 95 °C for 15 seconds and
60 °C for 1 minute, 40 consecutive cycles was carried out, and
in the final stage for drawing melting curve as 95° C for 15
seconds, 60°C for 30 seconds 95° C for 15 seconds.

3.1 MTT assay
In order to evaluate the toxicity effects of samples, various
dilutions were prepared and transferred to each well 96-well
plates. Afterwards, MTT testing phases were read with an
ELISA reader (Figure 1).

Real-time PCR reactions were performed in a final volume of
20 ml for triplet repeats. The combination of each reaction
contains 10 µl of SYBR-Green PCR Master Mix (Applied
Biosystems, Warrington, UK), 1 µl of reverse and forward 400
nM primers specific for each gene, 5 µl of cDNA (300 mg) and
the rest distilled water were added until the final volume of 20
ml was obtained.
PCR amplification curves were plotted for each reaction. Data
analysis was performed by comparing the threshold cycle. In
this study, the ratio of the target gene (Bax, Bcl2) to the
reference gene (GAPDH) was calculated using the formula
ΔΔCt through 2 -ΔΔCt. The calculation formula is as follows:
ΔCt = Ct target-Ct reference
ΔΔCt = ΔCt test sample - ΔCt control sample
Relative expression: 2 -ΔΔCt
2.8 Statistical analysis of data
Dicomwork, Matlab and Excel were used for statistical
analysis of data and the calculation of T1, T2. Micro Dicom
also was used to observe the MR images. To quantitatively
compare data, SPSS software and Post hoc Tukey test were
used. And if the data were compared in group, one way
ANOVA test was used.

Figure 1 Assay of Cytotoxicity of Magnevist conjugated
dendrimeron MCF-7 cells by MTT assay along with ELISA
reader
MTT assay test was used to evaluate the survival rate of MCF7 cells against different concentrations of Magnevist
conjugated dendrimer. In control 100% of the cells are alive
and cell viability rate is gradually reduced by increasing the
dose of Magnevist conjugated dendrimeras (Figure1). A
significant toxicity was observed at the increasing of
concentrations. With increasing the concentration of
Magnevistconjugated dendrimer a significant gradual reduction
in the viability of cells was reported. A significant effect in the
toxicity level was reported in the concentration range started
from 6.5 to 50, dose above these level are not significantly
differ from each other’s (p <0.01). As is clear from IC 50,
proper concentration level was 68.81M from this study.

Figure 2 Survival percentages of MCF7 cells against different concentrations of Magnevist conjugated dendrimer within 24 hours
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Figure 3 Curve of gene expression changes in MCF7 cell lines with Dendrimer, the Magnevist conjugated dendrimer and Magnevist
alone after 24 hours (*: P ≤ 0.05, ** P ≤ 0.01). Comparisons are made for each gene compared with the same gene in the control group
3.2 Real time PCR
The effect of Magnevist conjugated dendrimer was
investigated and compared it with pure Magnevist alone on
apoptosis gene expression. A significant result was observed
regarding the effect of the Magnevist conjugated dendrimeron,
however such result was not reported for Bax and Bcl2.The
impact of dendrimers on the Bax and Bcl2 genes was not
significant but the expression of these gene were increased at
some level (In this study best effect showing treatment was
used for testing effect but these effect may change with

changing concentration). Further, Gadopentetic acid
nanoparticle (gadopentetic acid and dendrimer) affect the
expression of on Bax and Bcl2 genes and its effect on Bax
gene was higher than the total effect of dendrimers and
gadopentetic acid. In fact, it affects Bax quite significantly and
increases apoptosis. Further, its effect on Bcl2 gene is more
than the impact of pure gadopentetic acid and is approximately
equivalent to the effect of dendrimer alone. In fact, compared
to the control group, a significant increase was observed in Bax
compared with the control group and there was little impact on
Bcl2.

Figure 4 Results of corona protein, protein identification based on the size specified in gel electrophoresis
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3.3 Identification of corona protein
A protein weighing less than 70 kDa, and another protein
weighting 22 kDa were seen in the plasma serum, which is
attached to the nanoparticle. As shown in Figure 4, it seems
that the albumin protein with a molecular weight of 67 kDa is
the protein less than 70 kDa around gadopentetic acid
nanoparticle.
4 Discussions
Considering the fact many genetic changes are needed in order
to cause cancer. Further, there are many cancers which are
hereditary, in such cases a strong possibility of tumor
development arises even after the treatment or surgery (Hahn
et al., 2011). Result of study revealed that Magnevist
conjugated dendrimer have concentration and time dependent
killing effect on MCF-7 cancer cells. Further, these dendrimer
inhibited the expression of mRNA and anti-apoptotic gene of
Bcl-2 while these nanoparticls increased the expression of Bax
and this express was significantly higher than the individual
exposure of Magnevist drug. Clearly, recognizing the
expression pattern importance of genes involved in apoptosis is
very important in response to metastatic activity of anticancer
drugs. The results of this study show significant therapeutic
use of drug loaded on dendrimers against the breast cancer
cells. According to these investigations, the clinical studies on
the animal and human models are necessary to confirm the
effect of gadopentetic acid and Magnevist conjugated on
dendrimer. Previous studies showed the in vitro acceptable
effect of gadopentetic acid loaded on the dendrimer model on
breast cancer as compared to the normal cell.
Therefore, the use of Magnevist (as loaded on the dendrimer)
can be effective on the expression of certain apoptotic genes.
Based on this study and previous studies, it can be conclude
that nanogadopentetic acid compound has powerful anticancer
effects on cancer cells and derivatives of this compound could
play an important role in treating these types of cancers in the
future. So if the clinical process of the drug is approved, the
Magnevist conjugated on dendrimer can be applied in a clinical
setting for patients with breast cancer in the future. The
dendrimer used in this study is composed of a PEG core and
two surrounding citric acids and compared with other
dendrimers, has unique features. The most prominent of which
is biodegradable. In most of synthesized dendrimers,
interaction of dendrimer positive charges with the negatively
charged cell membrane as a result of the destructed membrane
causes hole formation and the lysis of dendrimers cell, which
in biological systems cause toxicity, some of which include
cytotoxicity, blood and hemolytic toxicity (Kobayashi &
Brechbiel, 2004).There are two overall strategies to reduce the
toxicity of dendrimers i.e. first is to design and synthesis of
biodegradable dendrimers using biodegradable core and
branched units or intermediate metabolic pathways and second
is engineering the molecular level, which is done by
acetylation of the, PEGylation and carbohydration of
molecules (Weinmann et al., 1984.(
_________________________________________________________

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

Fattah et al

The PEG was used at the core of the dendrimer (molecular
surface engineering) and its surrounding units are citric acid
(Krebs cycle intermediates) (First Strategy). Therefore, the
resulting dendrimer is a biodegradable dendrimer and has no
significant toxicity. This dendrimer has a negative charge;
therefore, it doesn't interact with the negatively charged cell
surface and does not destroy the cell membrane. It also has a
lot pores for the purpose of drug loading (Fox, 2000). In this
study, lower doses of the drug were exposed to the dendrimer;
therefore, the drug loading was considered to be 100 percent
(Anand et al., 2008). Nanostructures with hydrophilic surface
smaller than100 nm are mostly capable to escape from their
molecular phagocytic system. Hydrophobic nanoparticles are
quickly picked up by the RES organs. Thus, hydrophilic
particles remain more time in the circulation and are picked up
to a lesser extent by the liver (Gensel et al., 1990; Franc &
Kakkar, 2009).
The results of this study show positive effects of conjugating
the Magnevist on the dendrimer, which ultimately increases the
quality of the drug delivery and improves anti-tumor effects of
the compound. Present study also shows that Magnevist
conjugated dendrimer compared with the gadopentetic acid
drug alone, more inhibited anti-apoptotic Bcl-2 gene
expression and increased gene expression of Bax genes over
time. Different studies revealed that Bcl-2 gene plays an
important role in cancer development. It was reported that Bcl2
gene expression increased the possibilities in 70% women
breast cancer. Also, in preclinical models of prostate cancer
Inhibition of Bcl2 over expression can be associated with
apoptosis of cancer cells (Tan et al., 2006). Bcl2 gene product
plays a role in inducing growth, survival and inhibition of
programmed cell death. While Bax protein induces
programmed cell death in cells and its performance is unlike
Bcl-2 protein. Bcl-2 and Bax proteins form homodimer and
heterodimer structures.
These two proteins are related factors that regulate
programmed cell death process (Sakakura et al., 1997). The
effect of gadolinium in inducing the apoptosis macrophage was
investigated by Mizgerd et al. (1996), according to this 10
minutes making cells subject to gadolinium, significantly
induces cell death through the induction of the apoptosis
mechanism up to 24 hours (Mizgerd et al., 1996). Further,
Greisberg et al. (2001) described that gadodiamide increases
the production of proteoglycans, decreases the cell birth and
induces apoptosis in chondrocyte. Greisberg et al. (2001)
investigated the effect of short term placement of chondrocyte
to gadolinium. The cell growth was reduced while exposing to
gadolinium (in a dose-dependent manner) and chondrocyte
apoptosis was also induced in a dose-dependent manner
(Greisberg et al., 2001). Salakou et al. (2007) conducted study
on patients with myasthenia gravis underwent cystectomy,
Bcl2 ratio to Bax was measured in patients with different
disease classifications. It was concluded that if this ratio is less
than 1, it is considered a good marker for caspase activation
and apoptosis process adjustment (Salakou et al., 2007). In
another study Chiu & Su (2009) studied the effect of curcumin
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on MDA-MB-231cancer cells. The study showed that
molecular mechanisms of curcumin inhibits the generation of
MDA-MB-231 through increased expression of p21, an
increase of Bcl2 ratio to Bax and subsequent apoptosis
induction. And this mechanism can create therapeutic potential
of curcumin for breast cancer cells.
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Fox KR (2000) Targeting DNA with triplexes. Current
medicinal
chemistry
7:17-37.
DOI:
10.2174/0929867003375506.
Franc G, Kakkar AK (2009) Diels–Alder “Click” Chemistry in
Designing Dendritic Macromolecules. Chemistry A European
Journal 15:5630-5639. DOI: 10.1002/chem.200900252.

Conclusion
Present study confirmed the anti-cancer effects of Magnevist
conjugated dendrimer. Further, it is needed to study its impact
on the human and animal model. Considering the anti-cancer
properties of the samples presented in this study, it is
recommended to study the anticancer effects in proteome level
of breast cancer cell lines for further exploration. With more
extensive knowledge of the properties of nanoparticles, size,
shape, surface structure, thickness, degree of porosity,
chemistry, etc can be selected based on the purpose of this
study.
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