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Molecular magnetic resonance probe targeting
VEGF165: preparation and in vitro
and in vivo evaluation

Xiao-Guang You?, Rong Tu®*, Ming-Li Peng®, Yu-Jie Bai**, Minggian Tan®,
Han-Jian Li® Jing Guan® and Li-Jun Wen®

A new method for imaging the tumor human vascular endothelial growth factor 165 (VEGF 165) is presented. A
magnetic resonance imaging (MRI) probe was prepared by crosslinking ultrasmall superparamagnetic iron oxide
(USPIO) nanoparticles to the aptamer for tumor vascular endothelial growth factor 165 (VEGF165-aptamer). The
molecular probe was evaluated for its in vitro and in vivo activities toward VEGF165. Enzyme-linked immunosorbent
assay showed that the VEGF165-aptamer-USPIO nanoparticles conjugate specifically binds to VEGF165 in vitro. A
cell proliferation test showed that VEGF165-aptamer-USPIO seems to block the proliferation of human umbilical
vein endothelial cells induced by free VEGF165, suggesting that VEGF165 is an effective target of this molecular
probe. In xenograft mice carrying liver cancer that expresses VEGF165, T,-weighted imaging of the tumor displayed
marked negative enhancement 3 h after the intravenous administration of VEGF165-aptamer-USPIO. The enhancement
disappeared 6h after administration of the probe. These results suggest the targeted imaging effect of
VEGF165-aptamer-USPIO probe in vivo for VEGF165-expressing tumors. This is the first report of a targeted
MRI molecular probe based on USPIO and VEGF165-aptamer. Copyright © 2014 John Wiley & Sons, Ltd.
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1. INTRODUCTION

tumors; however, this technique is limited by the relatively poor

Angiogenesis plays an important regulatory role in tumor
growth, progression and migration. Evaluation of angiogenesis
by molecular imaging contributes to early diagnosis, more
effective targeted treatment and better prognosis for cancer (1).
Tumor angiogenesis is a complex, multistep process that requires
the interaction of multiple factors, which need to be coordinated
in specific space and time domains. Among the many tumor
angiogenesis regulatory factors, vascular endothelial growth
factor (VEGF) plays an important role and is present in a large
variety of malignant tumors (2). VEGF functions by binding to
its receptor in the plasma membrane of vascular endothelial cells,
and then activating the protein kinase C signal transduction
pathway. Because of its role in maintaining tumor angiogenesis
and proliferation, VEGF is a useful biomarker for tumor metabo-
lism and metastasis (3).

Several methods for imaging VEGF have been reported, such
as the use of radioisotope-labeled VEGF monoclonal antibodies
for PET imaging. As early as 2002, '**-HUMV833 (humanized
anti-VEGF-A mouse monoclonal antibody) entered a phase |
clinical trial for imaging-based evaluation of cancer treatment
outcomes (4). More recently, #Zr-bevacizumab (VEGF recombi-
nant humanized monoclonal antibody) was shown to be a
sensitive agent for monitoring tumor treatment efficacy (5);
however, its application has been limited by its potent immunoge-
nicity, and methods to accurately dose this contrasting agent in
various tumors and patients remain to be established. For targeted
ultrasound imaging, the scVEGF-bearing microbubble contrast
agent showed significant signal enhancement in the imaging of

resolution and tissue penetration of ultrasound imaging (6).
Because magnetic resonance imaging (MRI) displays high soft
tissue resolution and spatial anatomical resolution, molecular
probes targeting VEGF or VEGF receptor have been developed
for targeted MRI. For example, a gadolinium-conjugated anti-
VEGF antibody showed significantly increased and prolonged
signal enhancement in the imaging of tumors, compared with
non-targeted imaging (7). However, the large molecular weight
and in vivo immunogenicity issues of antibodies have caused
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researchers to turn to aptamers as an alternative targeting agent
for imaging. Aptamers have several advantages over antibodies.
They are not limited by immune recognition or immunogenicity;
they can be artificially synthesized and modified in vitro; their
denaturation is reversible; and they can be transported and
stored on a long-term basis at room temperature (8-10). A good
example is the aptamer for VEGF165 (VEGF165-aptamer), which
is a single-chain oligonucleotide fragment that binds specifically
to VEGF165 (11).

VEGF165 is the predominant and most active VEGF subtype
in vivo, and it is the most frequently used subtype in medical
practice and research. It promotes the proliferation of vascular
endothelial cells, increases blood vessel permeability and
induces tumor angiogenesis. VEGF165 expression is very low
under physiological conditions, and a reasonable level of expres-
sion is only found in embryonic tissues and proliferative
endothelium. For these reasons, VEGF165 is an important target
molecule for tumor imaging and treatment, and it is an ideal
target for the construction of a molecular imaging probe.

In this report, we describe the preparation of tumor targeted
VEGF165-aptamer-USPIO probe by chemically crosslinking
ultrasmall superparamagnetic iron oxide (USPIO) nanoparticles
and the aptamer specific for VEGF165. We examined the
negative MR targeted VEGF165-aptamer-USPIO probe, and
observed its in vitro binding activity to VEGF165 and a targeted
MR imaging effect in tumor xenograft mice. As far as we know,
this is the first report of an aptamer-based MRI molecular probe
targeting VEGF165.

2. RESULTS AND DISCUSSION

The preparation and testing of molecular probes for MRI have
been well studied (12-14). An ideal MRI molecular probe must
have both high selectivity and affinity for the target
biomolecule, and it should be able to reflect the amount of this
biomolecule in vivo. The probe should display no differential
binding affinity for the same target molecule as a function of
its location in the plasma membrane or the cytoplasm. High
permeability is important so that it quickly reaches the target.
The probe should not induce a significant immune reaction or
other adverse reactions. It must be fairly stable in vivo, and at
the same time have a targeting moiety that allows selective
binding with the target biomolecule without generating a high
background in circulation (15-18).

VEGF165-aptamer is a 27-base small molecule oligonucleotide,
in which all pyrimidines are fluorinated at the 2’ position of the
ribose ring and all purines are methylated at the 2' position.
The aptamer is not degraded by RNAase in its natural environ-
ment. It recognizes the target molecular through its heparin
binding domain, and it binds to the target molecule with high
affinity (11). VEGF165 is an ideal target for molecular imaging
owing to its potent angiogenic effect and differential expression
in both normal and proliferative tumor tissues. Therefore, we
prepared an aptamer-based MRI contrast agent targeting
VEGF165, and tested its in vitro and in vivo activities.

The targeted magnetic contrast agent, USPIO-VEGF165-aptamer,
was prepared by chemically crosslinking the negative magnetic
resonance contrast USPIO to VEGF165-aptamer. The carboxyl
groups on the surface of glucose-coated USPIO were activated
by N-(3-dimethylaminopropyl)-N-ethylcarbodiimide (EDC) and
N-hydroxysuccinimide (NHS) to react with the amino groups of

VEGF165-aptamer to form stable linkages (Fig. 1) (19), with an
estimated yield was of about 90%. The diameter of the USPIO
nanoparticles was estimated to be about 20 nm with transmission
electron microscopy (Fig. 2). To confirm that the VEGF-
aptamer-USPIO probe was in fact superparamagnetic, the magnetic
behavior was tested and no hysteresis loop was found, suggesting
that the VEGF-aptamer-USPIO probe is superparamagnetic with a
magnetic saturation moment of 35 emu/g (Fig. 3). The crosslinking
of USPIO nanoparticles to the aptamer was analysized by gel
electrophoresis experiment (Fig. 4). The negatively charged
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Figure 1. The preparation of VEGF165-aptamer-USPIO probe by chemically
crosslinking ultrasmall superparamagnetic iron oxide (USPIO) nanoparticles
and aptamer for tumor vascular endothelial growth factor 165 (VEGF165-
aptamer). The carboxyl groups of glucose-coated USPIO nanoparticles
are activated by N-(3-dimethylaminopropyl)-N-ethylcarbodiimide (EDC)
and N-hydroxysuccinimide (NHS), and then reacted with the amino
groups of VEGF165-aptamer.

Figure 2. Transmission electron microscopy of VEGF165-aptamer-USPIO
nanoparticles. Diameters are estimated to be about 20 nm.

40

@
o
1

N
o
)

-
o
Il

Magnetic moment(emu/g)
2 o

R )
S o
) L

-40 T T T T T T T T
-8000 -6000 -4000 -2000 O 2000 4000 6000 8000

Applied Field(Oe)

Figure 3. Hysteresis loop of the VEGF165-aptamer-USPIO probe mea-
sured at 300 K.
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Figure 4. Gel electrophoresis of VEGF165-aptamer-USPIO probe.
VEGF165-aptamer was methylated and fluorinated before being
subjected to 1.8% agarose electrophoresis. The band of VEGF165-
aptamer (2) is below the 50 bp marker band (1). The band of VEGF165-
aptamer-USPIO nanoparticles (3) is immediately below the gate of the
electrophoresis channel, consistent with the hindering effect of USPIO
nanoparticles on mobility.

VEGF165-aptamer (band 2 in Fig. 4) can move to the anode. After
modification with VEGF165-aptamer, the migration of VEGF165-
aptamer-USPIO probe was hindered by the natural charged USPIO
nanoparticles (band 3 in Fig. 4), revealing that the aptamer was
successfully conjugated on the surface of the USPIO nanoparticles.

An important parameter for the evaluation of a targeted
molecular contrast agent is its selectivity for the target molecule.

Enzyme linked immunosorbent assay (ELISA) showed that
VEGF165-aptamer-USPIO probe binds specifically to VEGF165
but not to VEGF121 in vitro (Table 1). This specific binding activity
and the irreversible stable chemical link between USPIO and
VEGF165-aptamer were the foundation for the subsequent
in vitro and in vivo targeting VEGF165 studies. Furthermore, the
proliferation of human umbilical vein endothelial cells (HUVEC)
was evaluated by using the cell counting kit-8 (CCK-8) at the
presence of the VEGF165-aptamer-USPIO probe. Unlike tumor
cells that secrete VEGF165 themselves and thus interfere with
the result in this study, HUVEC were chosen for this study be-
cause they do not secrete VEGF165 and their growth is very
sensitive to a change in VEGF165 in the surrounding environment.
CCK-8 allows sensitive colorimetric assays for the determination of
cell viability in cell proliferation (20). CCK-8 is more stable than
other tetrazolium salts such as MTT (Methylthiazolyldiphenyl-tet-
razolium bromide). The CCK-8 assay of HUVEC proliferation
showed that VEGF165-aptamer-USPIO probe can block HUVEC
proliferation induced by a fixed amount of externally added
VEGF165 (Table 2). This indicated the presence of the VEGF165-
aptamer on the USPIO nanoparticles’ surface, which can interact
with VEGF165-induced HUVEC cells and affect their proliferation.
All these results suggested that the VEGF165-aptamer-USPIO
might have potential as a probe for tumor targeted MR imaging.

To verify the ability of VEGF165-aptamer-USPIO probe to
target VEGF165 in vivo, we examined T,-weighted imaging
(T,WI) contrast enhancement in a xenograft mice model that
carries subaxillary liver cancer. Table 3 shows the signal-to-noise
ratio (SNR) of the mouse xenografts before and after the admin-

Table 1. ELISA of the in vitro binding of VEGF165-aptamer-USPIO and VEGF165

Statistical Analysis

Group no. Assay components Asso (X£S) groups p

1 USPIO + VEGF165 0.81+0.01 1vs2 < 0.001
2 VEGF165-Aptamer-USPIO + VEGF165 2.52+0.06 2vs3 < 0.001
3 VEGF165-Aptamer-USPIO + VEGF121 0.81+0.01 1vs3 0.729

Data were analyzed using the t test (for instance least significant difference, LSD, t), F = 3455, statistical values are partially given for
intergroup comparisons. The difference is considered statistically significant when p < 0.05.
USPIO, ultrasmall superparamagnetic iron oxide; VEGF165-aptamer, aptamer for tumor vascular endothelial growth factor 165.

Table 2. The effect of VEGF165-aptamer-USPIO probe on VEGF165-induced cell proliferation

Statistical analysis

VEGF165-aptamer- VEGF165
Group no. USPIO (mg/ml) (ng/ml) ODysp (X£5) Groups p-Value
1 0 0 0.980 +0.002 1vs2 <0.001
2 0.5 8.89 1.218+0.003 2vs3 <0.001
3 0.25 8.89 1.806 +0.003 3vs4 <0.001
4 0.125 8.89 1.904 +0.002 4vs5 <0.001
5 0 8.89 2.212+0.007 5vs1 <0.001

Group 1 is the negative control, groups 2-4 are the experimental groups, adding different concentration VEGF165-aptamer-USPIO
to the HUVEC cells in the presence of free VEGF165. Group 5 is the posititive control, adding free VEGF165 only. Data is analyzed
using the t-test (for instance LSD-t), F= 17180, partially given is the statistical value from intergroup comparisons. * The difference
is considered statistically significant when p < 0.05. Cell concentration is 1000 per well. Volume of the cultured media is 0.225 ml.
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Table 3. Tumor T, signal-to-noise ratio before (pre-injection) and at various time points after the administration of VEGF165-
aptamer-USPIO or USPIO to xenograft-bearing mice (x £+ s, n=15) from tail vein

Signal-to-noise ratio

Group Pre-injection 3h 6h 24 h F p*
A (n=7) 7.89+1.52 3.27+£2.77 7.58 £2.64 754+165 554 0.03
B (n=8) 893+1.22 9.32+2.08 859+1.43 8.17+£259 143 0.27
F 1.17 35.21 1.5 0.3

P 0.29 0 0.243 0.593

Mice of group A and B were administered VEGF165-aptamer-USPIO and USPIO, respectively, from tail vein.  In group A, the signal-
to-noise ratio of tumor 3 h post-injection was statistically different from that pre-injection, and 6 and 24 h after the contrast
administration (p < 0.05). The SNR of tumors in group B (control) did not show significant difference (p=0.27).

istration of VEGF165-aptamer-USPIO and USPIO nanoparticles.
As shown in Fig. 5, 3h after the administration of VEGF165-
aptamer-USPIO probe through the mice tail vein, the SNR of the tu-
mor was markedly lower than that of the pre-injection of the agent
(p<0.05; Fig. 6). This negative enhancement phenomenon
completely disappeared 6h after the injection of the probe (p
0.05; Fig. 6). In a sharp contrast, the SNR of the mice xenografts
remained essentially unchanged before and after the same amount
of USPIO administration by the same route (Fig. 6). These results
clearly suggest the VEGF165-aptamer-USPIO probe can accumulate
in tumor and generate the magnetic signal enhancement effect.
The maximum negative enhancement effect occured at 3 h
after contrast administration, which has never been reported in
previous targeted USPIO-related studies. Hsieh et al. reported a
VEGF anbibody-conjugated USPIO, which was given to the mice
bearing CT26 colon cancer xenograft through the tail vein.
Tumor T,WI signal started to decrease 1 h after the contrast ad-
ministration; the lowest T,WI signal and the maximum enhance-
ment effect occurred 1-2 days after contrast administration; and
the enhancement effect gradually disappeared over the next
9days (21). Leung et al. reported a USPIO conjugated to the ovar-
ian cancer OCMab183B2 antibody (22). The lowest T,WI signal
and maximum negative enhancement occurred 24 h after the
contrast was given to mice bearing a subcutaneous SKOV
ovarina cancer xenograft, and the enhancement effect gradually
disappeared in the next 24 h. The maximum negative enhance-
ment time and enhancement disappearance time with our
contrast are earlier than those of previously reported contrasts.
The time intervals between the MRI scans in our mice study were

Pre-injection 3h

151

] VEGF165-Aptamer-USPIO

Signal to noise ratio (SNR)

6h 24h

Figure 6. Signal to noise ratio in the tumor with VEGF165-aptamer-
USPIO probe and USPIO nanoparticles administered at a dosage of 9.08
nmol/kg body weight in nude mice (*p < 0.05).

longer than optimal. A more refined time-enhancement curve
can be built with shorter scan intervals, which will be completed
and improved upon in future studies.

To further confirm the presence of VEGF165-aptamer-USPIO
probe in the tumor tissue, the Prussian blue method was carried
out on tumor tissue sections of mice sacrificed 3 h after intrave-
nous injection. Obvious Prussian blue-positive stain was observed
in the tumor tissue section (Fig. 7B), revealing the presence of the
VEGF165-aptamer-USPIO probe in tumor tissue. Moreover, the
presence of VEGF165 in tumor stroma of liver cancer xenografts
was also confirmed by immunohistochemical staining. As shown
in Fig. 7(C), the red arrow points to the blue cell nuclei and the

6h 24 h

Figure 5. T,-weighted MRI images of xenograft-bearing nude mice injected with VEGF165-aptamer-USPIO probe (A) and USPIO nanoparticles only (B)
from tail vein at a dosage of 9.08 nmol/kg body weight. Arrows point to tumor xenografts.
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Figure 7. Cytochemistry staining images of tumor xenografts in athymic mice with the Prussian blue method, showing Prussian blue-negative (A) staining
of USPIO and Prussian blue-positive (B) staining of VEGF165-aptamer-USPIO nanoparticles in the tumor stroma. Immunostaining of VEGF165 in liver
tumor xenograft with anti-VEGF165 primary antibody, showing a large quantity of VEGF165 in the tumor stroma (C). Black arrow points to the VEGF165-
aptamer-USPIO nanoparticles (B), red arrow shows the nuclei (blue) and green arrow points to the VEGF165 (dark brown) (C). Scale bar = 20 um.

green arrow points to the dark VEGF165 in tumor cell stroma. The
presence of VEGF165 in the tumor stroma was clearly observed
after staining with the anti-VEGF165 antibody through 3,3"-
diaminobenzidine, which allows the specific binding of the
VEGF165-aptamer-USPIO probe in the tumor tissue. All of these
results demonstrate that the negative enhancement of the tumor
tissue can be attributed to the specific accumulation of the
VEGF165-aptamer-USPIO probe in the tumor xenograft through
the interaction of aptamer with VEGF165.

3. CONCLUSIONS

A MRI molecular probe targeting VEGF165 has been prepared by
crosslinking USPIO to the aptamer for VEGF165. The particle size,
magnetic property, in vitro VEGF165-binding activity and in vivo
T,WI signal enhancement profile suggest that VEGF165-aptamer—
USPIO probe is a promising targeted MRI contrast agent, which
should be further explored.

4. EXPERIMENTAL

4.1. Construction of VEGF165-aptamer-USPIO Molecular
Probe

Fifty microliters of dextran-coated USPIO (1.5mg/ml, USPIO
concentration, Northwest University, China) was activated by the
addition of 200 ul EDC (5mg/ml, Thermo Fisher Scientific) and
200 pl NHS (5 mg/ml, Thermo Fisher Scientific), and incubated at
37°C with shaking for 30 min. The reaction mixture was centrifuged
at 9600 rpm for 10 min, and the supernatants with unreacted EDC
and NHS were discarded. One milligram of VEGF165-aptamer
(customer synthesized by Dalian Takara Bioengineering Ltd) was
added, the total volume was adjusted to 500 ul using phosphate
buffered saline (PBS), and the coupling reaction was allowed to
proceed for 3 h. Unreacted VEGF165-aptamer was removed using
centrifugation (9600 rpm, 10min), and the supernatant was
discarded. The product was stored at 4 °C until use (21).

4.2. ELISA in vitro Binding Assay

In each centrifuge tube, 0.25ml VEGF165-aptamer-USPIO probe
(1.0mg/ml, USPIO concentration) was incubated with 0.125pg
VEGF165 (ProSpec-Tany TechnoGene Ltd) in 0.25ml PBS (0.1m,
pH7.4) for 1 h at 37 °C with shaking. VEGF165 was replaced by the
same amount of VEGF121 in the negative control group, and
VEGF165-aptamer-USPIO was replaced by the same amount of
USPIO in the blank group. The solution was centrifuged at

9600 rpm for 10 min, and the pellet was incubated for 30 min with
50 ul anti-VEGF165 monoclonal antibody (1:500 dilution, Millipore).
The liquid was removed by centrifugation. The pellet was rinsed
with PBS, and incubated for 30 min with 50 ul horseradish peroxi-
dase labeled anti-rabbit IgG sheep antibody (1:1000 dilution,
Millipore). Two hundred microliters of chromogenic solution A and
B, hydrogen peroxide and tetramethylbenzidine solution (InTec
Ltd) were added and incubated for 20 min before the reactions were
stopped with the addition of 100 pul stop buffer. The reaction mix-
tures were centrifuged, 50 pl supernatant was transferred from each
tube to a 96-well ELISA plate, and the absorption at 450 nm was
obtained using a microplate reader (model MK3, Thermo Scientific).

4.3. CCK-8 Cell Proliferation Assay

Human umbilical vein endothelial cells (School of Medicine,
Shanghai Jiaotong University) were cultured in 96-well plates
with 0.1 ml of RPMI-1640 medium for 18 h (Costar-Corning). To
each well were added 50 pul of VEGF165 (40 ng/ml) and various
volumes (0, 75, 37.5, 18.75 and Oupl) of 1.5mg/ml VEGF165-
aptamer-USPIO probe aquous solution (Table 2). The blank con-
trol wells contained neither VEGF165 nor VEGF165-aptamer-—
USPIO probe (group 1). Only 50 ul of VEGF165 (40 ng/ml) was
added to the positive control (group 5). The cells were cultured
at 37°C for an additional 48h. A cell counting kit-8 (CCK-8,
Beyotime Institute of Technology Ltd) assay was performed
according to the protocol from the manufacturer. Twenty
microliters of CCK-8 reagent was added to each well, and the
solutions were incubated for 4h before the absorption at
450 nm was determined using a microplate reader.

4.4, MRI T,WI Enhancement Test in Liver Cancer Xenograft Mice

Fifteen nude mice bearing human liver carcinoma cells BEL-7402
subaxillary xenograft (male mice, 25-30 g, tumor diameter about
1.0cm, purchased from Shanghai Slac Laboratory Animals Ltd)
were randomly divided into experimental and control groups.
After the animals were anesthetized with pentobarbital (0.05 mg/
g, i.p.), seven mice in the experimental group were each given
0.3ml VEGF165-aptamer-USPIO (10 mg/ml, 7.57 %10 '° mol/ml)
through the tail vein, while the other eight mice in the control
group received the same amount of USPIO through the same
route. The scans were completed using a 3.0 T MRI (GE, Pittsburgh,
PA USA) with a dedicated mouse MRI coil (Shanghai Chenguang
Medical Technologies Ltd). Four scans were performed on
each animal. The first scan was performed before contrast
administration; the other scans were performed 3, 6 and 24h
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post-injection. All scans were conducted under the following con-
ditions: axial fast spin echo T,-weighted imaging: repetition time,
4000 ms; echo time, 102ms; number of excitations, 4; matrix,
192 % 192; field of view, 8 X 8 cm; slice thickness, 0.8 mm; slice inter-
val, 0.1. The signal intensity was obtained by averaging the three
measurements for three regions of interest within the same slice
at various timeframes. The diameter of each region of interest is
roughly 2.0 mm. This animal study was approved by the indepen-
dent Ethics Committee of Hainan Medical College Hospital, and all
study animals received humane care throughout this study.

4.5. Tumor VEGF165 Immunohistology

Immunohistological staining of 7402 liver cancer mice xenograft
(Shanghai Slac Laboratory Animals Ltd) was performed as
reported (23). Briefly, the tumor tissue of mice (n=3) injected
with VEGF165-aptamer-USPIO was fixed in 4% formaldehyde,
dehydrated in graded alcohol and xylene, and embedded in
paraffin. Tumor tissue of mice (n=3) injected with USPIO was
used as a control. The tissue block was sectioned at 5um
thickness and mounted onto slides, which were kept at 60°C
overnight. The sections were sequentially immersed in xylene
twice each for 5 min and in grade alcohol. The samples were rinsed
with water and 0.1 m PBS, and then immersed in methanol with 1%
hydrogen peroxide at room temperature for 10 min, before a final
water rinse. The sections were treated with antigen retrieval agent,
rinsed with water, and blocked with non-immune horse serum.
The samples were incubated with anti-VEGF165 antibody (Sigma)
at 4 °C overnight, followed by a wash with 0.1 m PBS. The samples
were then incubated with biotinylated secondary antibody (Sigma)
for 20 min at 37 °C, followed by a PBS rinse. The sections were incu-
bated with streptavidin-horseradish peroxidase at 37°C for
20 min, and washed with PBS. The color was developed with
chromagen 3,3-diaminobenzidine, and thoroughly washed with
water. The sections were finally counterstained with hematoxylin.

For Prussian blue staining, tumor tissue sections embedded in
paraffin were immersed in xylene and washed with ethanol-water,
incubated for 30min with 2% potassium ferrocyanide in 6%
hydrochloric acid, washed and counterstained with nuclear fast red.

4.6. Statistical Analysis

Statistical analyses were conducted using SPSS 11.5 and Excel
2003. Quantitative data from the experimental and control groups
were compared using the least significant difference t-test. Differ-
ences with p < 0.05 were considered to be statistically significant.
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