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Abstract
Purpose—To determine whether the tubulin-binding drug noscapine could enhance
radiosensitivity of GL261 glioma tumors by inhibiting tumor angiogenesis.

Methods and Materials—The human T98G and murine GL261 glioma cell lines treated with
noscapine, radiation, or both were assayed for clonogenic survival. Mice with established GL261
hind limb tumors were treated with noscapine, radiation or both to evaluate the effect of noscapine
on radioresponse. In a separate experiment with the same treatment groups, 7 days after radiation
tumors were resected and immunostained to measure proliferation rate, apoptosis and angiogenic
activity.

Results—Noscapine reduced clonogenic survival without enhancement of radiosensitivity in vitro.
Noscapine combined with radiation significantly increased tumor growth delay: 5, 8, 13, 18 days for
control, noscapine alone, radiation alone, and the combination treatment, respectively (p < 0.001).
To assess the effect of the combination of noscapine plus radiation on the tumor vasculature, tubule
formation by the murine endothelial 2H11 cells was tested. Noscapine with radiation significantly
inhibited tubule formation compared with radiation alone. By immunohistochemistry, tumors treated
with the combination of noscapine plus radiation showed a decrease in BrdU incorporation, an
increase in apoptosis by TUNEL and a decrease in tumor vessel density compared with tumors treated
with radiation alone.
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Conclusion—Noscapine enhanced the sensitivity of GL261 glioma tumors to radiation resulting
in a significant tumor growth delay. These findings are clinically relevant, particularly in view of the
mild toxicity profile of this drug.
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Introduction
It is now well established that solid tumors need a functional vasculature in order to grow
beyond a few millimeters in size (1). Tumors remain dormant in the absence of angiogenic
stimulation, but once angiogenesis becomes initiated, tumors grow rapidly. Vascular
endothelial growth factor (VEGF) is thought to be a critical angiogenic factor for endothelial
cell proliferation and blood vessel formation. Treatment with bevacizumab, a monoclonal
antibody against VEGF, has resulted in improved survival in colorectal cancer patients when
combined with other chemotherapies and in glioblastoma patients when combined with
camptothecin-11 (2,3). As early as 1995, Teicher et al., showed that antiangiogenic agents
combined with radiotherapy improved tumor oxygenation and increased treatment efficacy by
killing both cancer and endothelial cells (4,5).

Other antiangiogenic agents like angiostatin (6,7), anti-VEGF antibody (8), receptor tyrosine
kinase inhibitors (9-12), endostatin (13), and VEGF Trap (14) have been demonstrated to
enhance radiotherapy's effects (reviewed 15,16).

In addition to the established main mechanism of action of stabilizing microtubules, (17)
taxanes also have an antiangiogenic effect. Taxanes have the ability to target endothelial cell
proliferation, migration and differentiation into capillary-like tubes, all processes required for
new blood vessel formation to supply a growing tumor (18-20). However, most tubulin binding
agents tested to date in the clinic are associated with the risk of neurotoxicity, due to the high
tubulin content of neuronal tissues. Other common side-effects include hypersensitivity
reactions, cardiotoxicity, myelosuppression, alopecia and gastrointestinal toxicity.

Efforts to develop novel tubulin binding agents with improved toxicity profiles have resulted
in a novel microtubule binding agent, noscapine, which has shown promise in this regard in
both animal and human studies (21-23). Recently, we showed noscapine has antiangiogenic
activity similar to taxanes (24). Noscapine downregulated hypoxia-mediated HIF-1α
expression in human glioma cells, concomitantly with reduced secretion of the potent
angiogenic cytokine, VEGF (24). In addition, noscapine inhibited tubule formation by human
umbilical vein endothelial cells (HUVECs) in a dose-dependent manner. Based on these
observations, and given its unique low toxicity profile, we hypothesized that noscapine might
be a promising drug to combine with ionizing radiation. To test this hypothesis, we studied the
effects of noscapine and radiation in vitro and in the GL261 glioma experimental tumor model.

Methods and Materials
Cell lines and reagents

The human glioma T98G, the murine glioma GL261 and the murine endothelial 2H11 cell
lines were cultured in 5% CO2 and 95% air at 37°C in Dulbecco's Modified Eagles Medium
(DMEM) (Gibco BRL, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS)
(Atlanta Biologicals, Norcross, GA), 1% penicillin and streptomycin and 1% L-glutamine.
Noscapine hydrochloride and Staurosporine (Sigma-Aldrich, Saint Louis, MO) were dissolved
in DMSO and stock solutions (100 mM, 1 mM, respectively) were stored at -80°C.
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Clonogenic and apoptosis assays
Glioma cells (5 × 105) were plated one day prior to the addition of different concentrations of
noscapine (0-75 μM). After 24 h of drug exposure, untreated and drug-treated cultures were
irradiated with a 60Co source at different single doses (0, 2.5, 5.0 and 7.5 Gy), at room
temperature with drug present in the media, harvested and plated in duplicate in 6-well plates
at cell concentrations estimated to yield 20-100 colonies/well. The 2H11 endothelial cells (10
× 105) were plated one day prior to the addition of different concentrations of noscapine (0-150
μM) for 6 h, harvested and were plated in duplicate in 6-well plates or stained with Annexin
V to determine numbers of apoptotic cells. In some experiments 2H11 cells were irradiated
with a single dose of radiation (3 Gy) at room temperature with drug (100 μM) present in the
medium. After 11 days, colonies were fixed in 4% paraformaldehyde, stained with 0.5% crystal
violet and colonies counted. Clonogenic survival curves were generated by combining data
from at least two independent experiments and fitting the average survival levels by least-
squares regression using the linear-quadratic model (25).

To monitor apoptosis, the Annexin V apoptosis detection kit (BD Biosciences, San Jose, CA)
was used following the manufacturer's recommendations. Flow cytometry was performed on
a Becton Dickinson FACScan (San Jose, CA).

In vitro tubule formation assay
Matrigel (150 μl) (BD Biosciences) was added to the wells of a 48-well plate and solidified at
37°C for 30 min. The murine 2H11 cells (2 × 104) were added in 200 μl of medium and
incubated for 6 h with or without different doses of noscapine (0-150 μM). In other experiments
the 2H11 endothelial cells were untreated, treated with a single dose of radiation (3 Gy), a
single dose of noscapine (100 μM) or the combination. After 6 h following treatment, 2H11
cells were seeded on Matrigel-coated wells in the absence of noscapine for an additional 6 h
to allow tubule formation. The extent of tubule formation was quantified as described (24).
The assay was run in duplicates and repeated two times with similar results. Data are expressed
as the number of branched points per well under each culture condition (mean ± SD).

In vivo studies
Female 6-8-week-old C57BL/6 mice were obtained from Taconic (Germantown, NY) and
maintained in facilities approved by the American Association for Accreditation of Laboratory
Animal Care, under an approved protocol by the Institutional Animal Care and Use Committee.

Mice were injected subcutaneously in the hind limb with 2.0 × 106 GL261 cells. When tumors
reached 7-8 mm in diameter, mice were randomly assigned to groups (N=5) to receive sham
treatment, noscapine (150 mg/kg by gavage once daily), a single fraction of radiation (25 Gy),
or the combination. Radiation was delivered to mice anesthetized and positioned on a dedicated
plexiglass tray by a 60Co source (Theratron 780-C, AECL Medical, Canada) with a dose rate
of 81.15 cGy/min. Tumors were treated with a 5 × 5-cm field at a source-skin distance (SSD)
of 80 cm with remainder of the body shielded with a lead block. Noscapine treatment was
initiated 3 days prior to radiation to allow for an effective plasma concentration before the
delivery of radiation (26). Tumor growth was measured twice weekly using vernier calipers,
and tumor volume was calculated using the formula (length × width2)/2. Mice were sacrificed
when tumors reached 2000 mm3. The experiment was repeated twice, with similar results. In
a third experiment, mice from each treatment group were sacrificed at day 7 after radiation
(3-4 mice per group). Tumors were embedded in OCT (Miles Laboratories, Pittsburgh, PA)
and kept at -80°C until use.
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Immunohistochemistry
Frozen tumors were sectioned (8 μm), mounted onto slides and kept at -20°C until use. To
detect BrdU positive tumor cells, 2 h prior to sacrifice the mice were injected intraperitoneally
with 0.01 ml/gm BrdU (Zymed, San Francisco, CA). Sections were fixed with cold acetone
for 10 min at -20°C, air dried for 15 min, hydrated for 10 min in PBS and permeabilized in 1%
Triton-X-100 for 8 min at room temperature. DNA was denatured with 2N HCl at 37°C for 30
min. Slides were washed in 0.1 M Tris-HCl (pH 7.5) for 5 min, blocked in blocking buffer (5%
normal goat serum, 1% BSA, 0.1% Triton-X-100, 0.05% Tween-20 in PBS) for 30 min at room
temperature and incubated for 18 h at 4°C with a 1:50 dilution of monoclonal FITC-anti-BrdU
(BD Pharmingen, Franklin Lakes, NJ), washed, counterstained with propidium iodide (PI, 20
μg/ml) for 10 min and mounted with Vectashield mounting medium. The number of BrdU
positive tumor cells were counted in 5 random fields of high cellular density and without
necrosis at X200 magnification on two independent sections per tumor. The data is presented
as the percent of BrdU positive cells relative to the total number of PI positive cells per field.

The terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end
labeling (TUNEL) assay was performed using an apoptosis detection kit (Roche, Indianapolis,
IN). The number of TUNEL positive tumor cells were counted in 5 random fields of high
cellular density and without necrosis at X200 magnification on two independent sections per
tumor. The data is presented as the average number of TUNEL positive cells per field.

Tumor vascularity was evaluated with CD31 immunostaining using sections prepared as
described above. Slides were incubated for 18 h at 4°C with a 1:200 dilution antibody (BD
Pharmingen) in 2% BSA in PBS, washed in PBS and incubated for 60 min at room temperature
with a 1:100 dilution of Texas Red-conjugated donkey anti-rat secondary antibody, protected
from light. Sections were washed and mounted as described above. Individual CD31 positive
vessels were counted in 10 random fields at X100 magnification in the most vascularized
portions of the tumors on two independent sections per tumor. The data is presented as the
average number of CD31 positive vessels per field.

Statistics
The survival fractions in the clonogenic assay were calculated with a linear quadratic model
for the log (Survival Fraction) as a function of dose as described (25). For tumor growth delay,
the mean tumor volumes and their standard errors for each treatment were compared using a
two-sided Student's t test for multiple comparison with Bonferroni correction. The combined
effect of noscapine and radiation versus radiation alone on proliferation, apoptosis and tumor
vessel density was determined by two-sided Student's t test. All values are given as mean ±
standard deviation (SD). Statistical significance was indicated by values of p < 0.05. Analyses
were conducted using Prism 4 (GraphPad Software, San Diego, CA).

Results
In vitro effect of noscapine and radiation

The human glioma T98G and murine glioma GL261 cell lines were exposed to increasing doses
of noscapine (0-75 μM) for 24 h and assessed for growth potential in the clonogenic assay (Fig.
1a). For the human glioma T98G cell line, the surviving fraction of noscapine-treated cells was
68% at 10 μM but dropped to less than 15% at doses above 25 μM. For the murine glioma
GL261 cell line, the surviving fraction of noscapine-treated cells was 60% at 25 μM, but
dropped to less than 40% at 50 μM dose. Based on this data, the doses of noscapine selected
for the combination treatment with radiation were 10 μM for T98G and 50 μM for GL261 cell
lines, respectively.
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An additional clonogenic survival assay was performed to examine the effect of noscapine on
radiation response of the glioma cell lines. Cells were treated with a constant dose of noscapine
(10 μM for T98G and 50 μM for GL261) for 24 h and irradiated with increasing doses of
radiation (0, 2.5, 5.0, 7.5 Gy) (Fig. 1b). Radiation alone caused a dose-dependent decrease in
cell survival in both T98G and GL261 cell lines. Adding noscapine had no effects on survival
of either T98G or GL261 cell lines.

In vivo effect of noscapine: enhancement of radioresponse
To determine whether noscapine enhances the response of GL261 tumors to radiation, mice
with established hind limb tumors of 7-8 mm-diameter in size were randomly assigned to four
treatment groups: 1) sham treatment; 2) noscapine (150 mg/kg by gavage once daily); 3) a
single fraction of radiation (25 Gy); 4) the combination of radiation and noscapine. The
experiment was repeated twice with similar results: the combined results are shown in Fig. 2.
There was a difference in the growth rate of GL261 tumors between control and noscapine
treatment groups, with tumors showing a mean volume of 2788 ± 587 mm3 in controls and
1818 ± 425 mm3 in noscapine-treated mice, on day 8. There was no significant difference
between radiation treatment alone and the combined treatment groups, with tumors showing
a mean volume of 889 ± 458 mm3 and 913 ± 362 mm3, respectively, on day 8. Using a two-
sided t-test for multiple comparison with Bonferroni correction, on day 8 there was a
statistically significant difference between the control group and either the radiation alone or
combined treatment group (p < 0.05). The difference between the control group and the
noscapine treatment group was also significant (p < 0.05).

To further analyze the antitumor effects of the different treatments, the time in days for tumors
to grow to four-fold their initial volume was determined (Fig. 2b). This time was 5.1 ± 0.6 days
for the control, 8.0 ± 1.4 days for the noscapine, 12.7 ± 2.8 days for the radiation, and 18.0 ±
2.1 days for the noscapine plus radiation group. Using the Kruskal-Wallis test, there was a
statistically significant difference among the four groups (p <0.001), with all pairwise
comparisons significantly different. The difference in size between the control group and the
group treated with radiation and noscapine was also statistically significant (p <0.05).

Noscapine with radiation treatment decreases proliferation and increases the apoptotic
index in vivo

To determine whether the tumor growth delay from the combined treatment results from
decreased tumor cell proliferation and/or increased apoptosis, we used BrdU and TUNEL
staining on tissue sections. In a separate experiment, mice were treated similarly to those in
the tumor growth delay study (Fig. 2a), and 7 days after radiation tumors were resected and
frozen for immunohistochemistry studies. Representative images of tumor tissue sections from
each treatment group are shown for BrdU labeling (Fig. 3a) and TUNEL staining (Fig. 3b).
Tumor cell proliferation was lowest in the combination treatment group. The average
percentage of BrdU positive cells was 43.1 ± 2.5 for the control group, 29.4 ± 2.1 for the
noscapine group, 12.9 ± 2.3 for the radiation group, and 7.8 ± 1.4 for the noscapine plus
radiation group. Radiation treatment alone resulted in a 3.3-fold decrease in the number of
proliferating cells compared with the combined treatment group that showed a 5.6-fold
reduction (p < 0.005).

TUNEL staining was highest in the combination treatment group. The average number of
TUNEL positive cells per field was 16.2 ± 2.4 for the control group, 41.0 ± 7.4 for the noscapine
group, 60.7 ± 12.6 for the radiation group, and 103.3 ± 14.9 for the noscapine plus radiation
group. Radiation treatment alone resulted in a 3.7-fold increase in the number of apoptotic cells
compared with the combined treatment group that showed a 6.4-fold increase (p < 0.04).
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Noscapine alone and combined with radiation inhibits blood vessel formation in vitro and in
vivo

The 2H11 endothelial cells were seeded on Matrigel-coated wells with different doses of
noscapine (0-150 μM). The results of one representative tubule formation assay together with
quantitative data pooled from three independent experiments are shown (Fig. 4a). In the
presence of noscapine, tubule formation was inhibited in a dose-dependent manner, with a 28%
reduction observed at 50 μM, 73% at 100 μM, and 97% at 150 μM, respectively. Noscapine
treatment of 2H11 endothelial cells significantly reduced the number of branched tubules at
all drug doses compared with untreated cultures. Using analysis of variance test, there was a
statistically significant difference among the four groups (p <0.0001).

To determine whether noscapine inhibition of tubule formation was associated with induction
of apoptosis or inhibition of cell proliferation, 2H11 cells were incubated for 6 h with different
doses of noscapine (1-150 μM). The drug staurosporine (400 nM), was used as a positive
control for induction of apoptosis. After 6 h of treatment the cells were harvested and stained
with Annexin V/PI and analyzed by flow cytometry to detect apoptotic cells. Aliquots from
the cell same suspension were plated in a clonogenic survival assay. Staurosporine treatment
for 6 h increased the number of Annexin V positive cells to 4.7% compared with 1.1% in
untreated control cultures. Noscapine treatment of 2H11 cells for 6 h, even at the highest
concentration of 150 μM, did not increase the number of Annexin V positive cells compared
to the control (Fig. 4a). Similar results were obtained in the clonogenic survival assay (data
not shown). Whereas staurosporine treatment decreased colony formation, none of noscapine
concentrations (50, 100, 150 μM) significantly decreased the number of colonies compared
with the control.

To determine whether noscapine sensitizes 2H11 cells to radiation treatment the 2H11
endothelial cells were untreated, treated with a single dose of radiation (3 Gy), a single dose
of noscapine (100 μM) or the combination. After 6 h following treatment, 2H11 cells were
seeded on Matrigel-coated wells in the absence of noscapine. The results of one representative
tubule formation assay (Fig. 4b), as well as the quantitative display of the data pooled from
two consecutive experiments, are shown. After incubation for 6 h, the cords fuse into
continuous tubules to form capillary-like structures. An average of 98.3 ± 9.0 branch points
per well was found in the controls, 85.0 ± 6.0 after radiation, 62 ± 7.8 after noscapine, and 21
± 9.4 after noscapine and radiation. Noscapine treatment and the combination treatment groups
had a significant decrease in the number of branch points compared with the control group
(p < 0.001). To determine whether the inhibition of tubule formation by 2H11 endothelial cells
was due to inhibition of proliferation, aliquots of the same cell suspensions used for the tubule
formation assay were plated in a clonogenic survival assay. The noscapine group alone had 98
± 15.6 colonies, radiation alone had 80.1 ± 16.6 colonies, and the combination of noscapine
plus radiation had 82.1 ± 7.6 colonies. Although radiation treatments, alone or in combination
with noscapine, decreased the number of colonies by approximately 20% compared with the
control, the results were not statistically significant (Fig. 4b).

We next investigated whether noscapine in combination with radiation treatment affected the
tumor vasculature in vivo. Mice were treated with noscapine and radiation and 7 days after
radiation tumors were resected for immunohistochemistry studies with the CD31 antibody to
detect tumor blood vessel density (Fig. 4c). The average number of blood vessels per
microscope field was determined for each treatment group. The control tumors had an average
of 30.6 ± 5.7 vessels per microscopic field, noscapine alone had 24.5 ± 8.3 vessels, radiation
alone had 20.5 ± 2.9 vessels, and the combination of noscapine plus radiation had 13.6 ± 2.3
vessels. Radiation treatment alone achieved a 1.5-fold decrease in the number of vessels
compared with the combined treatment that showed a 2.3-fold decrease (p < 0.001).
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Discussion
In the current study, we present evidence that noscapine enhanced the response of GL261
tumors to radiation. To our knowledge, this is the first study to explore the combination of
noscapine and radiation in an in vivo model.

Noscapine significantly increased tumor growth delay induced by radiation, while having a
small effect when used alone (Fig. 2a). When a four-fold increase in tumor volume was used
for comparison, noscapine and radiation induced a tumor growth delay of approximately 18
days compared with 13 days for radiation and 8 days for noscapine alone (Fig. 2b). To explore
possible mechanisms of tumor growth delay, we analyzed proliferation and apoptosis within
the tumors on day 7 after treatment. This time interval was selected to better assess the response
of a tissue to radiation which involves several mechanisms including repair of tumor cells from
radiation damage, tumor cell repopulation and reoxygenation of hypoxic cells (26,27). There
was a marked decrease in BrdU incorporation in mice that received combination treatment
compared with either treatment alone. Similarly, the number of TUNEL positive cells was
significantly increased in the combination treatment group (Fig. 3). Taken together, these
results suggest that the mechanism of tumor growth delay was associated with both decreased
proliferation and increased apoptosis of GL261 tumor cells.

Interestingly, in vitro experiments failed to show a similar enhancement by the combination
of noscapine and radiation, suggesting that the effect seen in vivo is mediated by the tumor
microenvironment. Our in vitro findings differ from those reported for the rat C6 glioma cell
line where noscapine combined with radiation enhanced clonogenic cell death (28).

Based on our previous studies with HUVECs showing noscapine's antiangiogenic activity in
vitro, we tested its effects on the tumor vasculature when combined with radiation (24). First
we studied the effects on the process of tubule formation in vitro, in murine endothelial 2H11
cells, specifically developed to serve as a model of mouse tumor vasculature for screening
antiangiogenic agents (29). The combined treatment resulted in a marked decrease in tubule
formation in cultures that received the combination treatment. Similar results were reported
with HUVECs treated with another VEGF targeting therapy, the VEGFR2 inhibitor AZD2171
(30).

We further explored this effect by evaluating tumor vessel density using CD31 immunostaining
(Fig. 4). Combined therapy significantly decreased tumor vessel density compared with
radiation treatment alone. The data presented suggest that tumor growth delay observed with
combination treatment is likely due to targeting two compartments, the tumor as well as the
tumor vasculature.

As noted more than a decade ago, combining antiangiogenic agents with radiotherapy
improved tumor oxygenation and increased antitumor activity (4). This effect, described as
“vascular normalization” is associated with reduced size and length of blood vessels, increased
permeability and decreased interstitial fluid pressure, resulting in increased chemo- and
radiosensitivity (31,32). Many studies combining VEGF inhibitors and radiation have since
confirmed this model (13,14,35-39, and reviewed in 16,33,34).

Optimal timing of radiotherapy and antiangiogenic agents can improve the response of tumors
to radiotherapy (40). Two inhibitors of angiogenesis, anginex and bevacizumab, were tested
for their ability to alter tumor oxygenation levels in three different solid tumor models (a human
ovarian carcinoma, a murine melanoma and a murine breast carcinoma) and the response to
different schedules of radiation was monitored by tumor growth delay (40). Oxygen levels
within the tumors increased within the first 4 days following treatment with a rapid decline
from day 5 onward. When radiotherapy was administered during this interval, tumor growth
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delay was significantly enhanced compared with treatment given before or after this critical
time interval. Similarly, antiangiogenic agents, such as thalidomide and a VEGFR2 inhibitor,
also induced “vascular normalization” within the first few days of treatment (41,42).

The data presented is clinically relevant since angiogenesis in high grade gliomas is a key event
driving tumor progression (43,44,45).

In summary, in addition to the classical cytotoxic mechanism of noscapine, its antiangiogenic
effect is likely to underlie the enhanced tumor radioresponse observed in the preclinical GL261
glioma model. Noscapine is a natural product, a non-narcotic alkaloid derived from opium,
and has traditionally been used as an oral cough suppressant with high tolerability (21). Given
its very favorable toxicity profile, oral bioavailability and radiosensitizing properties,
noscapine should be tested in clinical trials in combination with radiotherapy.
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Fig. 1. In vitro effect of noscapine and radiation
(a), Survival fraction of T98G and GL261 cell lines at escalating doses of noscapine. (b),
Survival curve for T98G and GL261 cell lines after radiation (single dose = 2.5, 5.0 and 7.5
Gy) or radiation and noscapine (10 μM for T98G and 50 μM for GL261).
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Fig. 2. In vivo effect of noscapine: enhancement of radioresponse
(a), Tumor growth delay assay. (b), Time in days for tumors to grow four-fold. Tumor volumes
are shown for each treatment group at the indicated time points. *A statistically significant
difference was found between the control and noscapine treated groups (p < 0.001).
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Fig. 3. Effect of noscapine and radiation on tumor cell proliferation and apoptosis
(a), Left panel: Representative images of BrdU staining from each group (X200). Right panel:
Percentage of BrdU positive cells per microscopic. Columns and error bars: mean ± SD. *A
statistically significant difference was found between radiation treatment alone and the
combined treatment group (p < 0.005). (b), Left panel: Representative images of TUNEL
staining from each group (X200). Average number of TUNEL positive cells per microscopic
field. Columns and error bars: mean ± SD. *A statistically significant difference was found
between radiation treatment alone and the combined treatment group (p < 0.04).
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Fig. 4. Effect of noscapine alone and combined with radiation on blood vessel formation in vitro
and in vivo
(a), Left panel: Representative images of tubule formation at 6 h (X40). Middle panel: Number
of branch points per well. Columns and error bars: mean ± SD. Right panel: Representative
histograms for cells analyzed by flow cytometry for the number of Annexin V positive cells.
*A statistically significant difference was found between the control and noscapine treated
groups (p < 0.0001). (b), Left panel: Representative images of tubule formation at 6 h (X40).
Middle panel: Number of branch points per well. Columns and error bars: mean ± SD. Number
of branch points per well (middle). Columns and error bars: mean ± SD. Right panel: Number
of colonies in the clonogenic survival assay per treatment group as percent of control. Columns
and error bars: mean ± SD. *A statistically significant difference was found between the control
and noscapine treated groups (p < 0.001). (c), Left panel: Representative images of sections
stained for CD31 (X100). Right panel: Number of blood vessels per field. Columns and error
bars: mean ± SD. *A statistically significant difference was found between radiation treatment
alone and the combined treatment group (p < 0.001).
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