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Abstract
Flaxseed (FS) has high contents of omega-3 fatty acids and lignans with antioxidant properties. Its
use in preventing thoracic X-ray radiation therapy (XRT)-induced pneumonopathy has never been
evaluated. We evaluated FS supplementation given to mice given before and post-XRT. FS-derived
lignans, known for their direct antioxidant properties, were evaluated in abrogating ROS generation
in cultured endothelial cells following gamma radiation exposure. Mice were fed 10% FS or
isocaloric control diet for three weeks and given 13.5 Gy thoracic XRT. Lungs were evaluated at 24
hours for markers of radiation-induced injury, three weeks for acute lung damage (lipid peroxidation,
lung edema and inflammation), and at four months for late lung damage (inflammation and fibrosis).
FS-Lignans blunted ROS generation in vitro, resulting from radiation in a dose-dependent manner.
FS-fed mice had reduced expression of lung injury biomarkers (Bax, p21, and TGF-beta1) at 24
hours following XRT and reduced oxidative lung damage as measured by malondialdehyde (MDA)
levels at 3 weeks following XRT. In addition, FS-fed mice had decreased lung fibrosis as determined
by hydroxyproline content and decreased inflammatory cell influx into lungs at 4 months post XRT.
Importantly, when Lewis Lung carcinoma cells were injected systemically in mice, FS dietary
supplementation did not appear to protect lung tumors from responding to thoracic XRT. Dietary FS
is protective against pulmonary fibrosis, inflammation and oxidative lung damage in a murine model.
Moreover, in this model, tumor radioprotection was not observed. FS lignans exhibited potent
radiation-induced ROS scavenging action. Taken together, these data suggest that dietary flaxseed
may be clinically useful as an agent to increase the therapeutic index of thoracic XRT by increasing
the radiation tolerance of lung tissues.
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INTRODUCTION
The effectiveness of radiotherapy for thoracic malignancies is limited by the low tolerance of
normal lung parenchyma for ionizing radiation (1,2). Clinically significant radiation lung injury
occurs in 30% of patients irradiated for lung cancer (3) and 10−15% of other thoracic oncology
patients (4). A greater proportion of patients have subclinical adverse effects of radiation on
the lung, identifiable by imaging and/or physiologic testing (5). Highly reactive compounds
known as reactive oxygen species (ROS) and reactive nitrogen species (RNS) are induced in
large quantities by radiation therapy (XRT)and have been implicated in this form of lung injury
(6).

There is currently no known effective pharmacologic therapy for the prevention of acute or
chronic radiation pneumonopathy. To date, the only means to avoid life-threatening radiation
pneumonopathy is to modify the irradiation technique to minimize the volume of normal lung
that receives a significant radiation dose. A safe and effective biologic radioprotector would
thus be extremely useful. Preclinical data suggest that antioxidant molecules and/or enzymes
might offer protection of the lung (7-9). Our group has recently shown that systemic
administration of polyethylene glycol conjugated antioxidant enzymes at the time of XRT alters
several early biomarkers of lung injury, decreases apoptosis, and ameliorates late pulmonary
fibrosis in a murine model (10). Although encouraging, this potential therapeutic is far from
human clinical trials, and a safe, more accessible radioprotector is therefore needed.

In this study, we explore the use of dietary flaxseed (FS) as a potential radioprotector against
radiation induced lung injury in a murine model of thoracic XRT. FS, a non-toxic whole grain
used as a nutritional supplement, has gained popularity because it is a rich source of natural
antioxidants. FS is composed of high concentrations of omega-3 fatty acids and lignans. While
omega-3 fatty acids reduce inflammation, lignans possess antioxidant properties. Specifically,
secoisolariciresinol diglucoside (SDG), isolated from FS was shown in vitro to have direct
hydroxyl radical scavenging properties and to inhibit lipid peroxidation (11-13) as verified
recently by our group in the context of oxidative lung injury (14,15). We first examined the
effects of the lignan precursor SDG on abrogation of radiation-induced ROS generation in vitro
and of dietary FS on early biomarkers of lung injury after thoracic XRT. Given the central role
of oxidative stress in radiation pneumonopathy, we also evaluated the effects of dietary FS on
acute pneumonitis and late radiation fibrosis in a murine model. Finally, we performed a
preliminary evaluation to determine whether FS supplementation decreases lung tumor
response to XRT using an orthotopic model.

MATERIALS AND METHODS
Animals

Our studies used female C57/Bl6 mice, a strain well characterized in the field of pulmonary
radioprotection (16-18). Mice were obtained from Charles River (Wilmington, MA) and
irradiated at 6−8 weeks of age under animal protocols approved by the Institutional Animal
Care and Use Committee (IACUC) of the University of Pennsylvania.

Diets and dietary treatments
Semi-purified AIN-93G diet was used as the base diet which was supplemented with 10% (w/
w) FS as described in our previous publications (14,15). Control and experimental diets were
isocaloric and identical in physiological fuel value. Whole ground yellow FS (Lot# 1012338)
was kindly provided by Dr. Jack Carter (North Dakota State University, Fargo, ND). Mice
were maintained on control (0% FS) or treatment (10% FS) diets given ad libitum for three
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weeks prior to XRT and for the entire duration of the experiment, unless otherwise noted in
the text.

Radiation procedure
Mice were irradiated as previously described (10). Briefly, using a customized jig that allows
thoracic irradiation (Figure 1) of up to 8 mice simultaneously while shielding the head and
abdomen/pelvis, 13.5 Gy was delivered to mid-plane using a 250kVp orthovoltage machine
with a 2mm copper filter and a tube current of 13mA. Dosimetric analysis confirmed that dose
heterogeneity in the animals’ lungs was within 15%.

RNA preparation and semi-quantitative RTPCR – Confirmation of selected genes
Mice were sacrificed for semi-quantitative analysis of mRNA expression as described
previously (10) for p21, Bax and TGF-β1 at 24 hours post irradiation. The amount of cDNA
was normalized using β-actin levels since β-actin gene expression levels have been shown not
to change with radiation (19). A minimum of 3 samples from control and irradiated lungs were
pooled and analyzed in triplicate. The relative expression level based on cycle number was
compared between groups.

Tissue harvesting and evaluation of oxidative lung injury
Radiation experiments were terminated after four months, corresponding to the earliest time
point when radiation-induced fibrosis is detectable in our model (10). Separate animals were
used for short-term experiments intended for molecular studies or determination of
inflammatory parameters (24 hours and 3 weeks post XRT, respectively) (10).
Malondialdehyde (MDA), an indicator of oxidative stress (20) was measured in homogenized
lung tissues using a commercially available kit (OXIS International, Portland, OR) according
to manufacturer's recommendations. The results were expressed as μmol MDA/g lung protein.

ROS imaging in irradiated mouse lung endothelial cells
Pulmonary microvascular cells (PMVEC) were isolated from murine lungs as described
previously (21,22). Briefly, freshly harvested mouse lungs were treated with collagenase
followed by isolation of cells by adherence to magnetic beads coated with mAb to platelet
endothelial cell adhesion molecule (PECAM). PMVEC were propagated in Dulbecco's
modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum (FBS), non
essential amino acids, and penicillin/streptomycin and maintained under static culture
conditions. The endothelial phenotype of the preparation was routinely confirmed by
monitoring the expression of endothelial markers such as PECAM (CD31), VE-cadherin, von
Willebrandt factor, Acetylated low density lipoprotein (AcLDL) etc. Cells grown to confluence
on culture dishes were treated with increasing concentrations of SDG and exposed to 2 Gy of
gamma radiation using a JL Shepherd Mark 1 137Cs Irradiator at a dose rate of 1.14 Gy/min.
Cells were then labeled with 5 microM H2DCF-DA by addition of the compound to the medium
(15). The fluorophore was added to the cells immediately after irradiation for about 10 min
and cells were imaged. Imaging studies were carried out as previously described (15) with
epifluorescence microscopy. MetaMorph Imaging Software (Universal Imaging, West
Chester, PA) was used for image processing on a preset scale of arbitrary units ranging from
0 to 4095. All images were captured at identical time and exposure settings. Data from multiple
fields as indicated over several experiments were used to quantitate ROS generation.

Quantitative and semi-quantitative assessment of fibrosis
a) Whole collagen content of mouse lung was evaluated quantitatively by determining
hydroxyproline content using acid hydrolysis (10) according to Woessner et al.(23). The data
is expressed as μg hydroxyproline/whole lung.
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b) Semiquantitative evaluation of fibrosis was done histologically by determining a radiation
Fibrotic Index (FI). The FI was generated by a lung pathologist blinded to treatment groups
using a scale of 1−4, with 4 signifying maximal fibrosis, was also assessed histologically.
Briefly, 0 = Normal Lung; 1 = Fibrosis involving less than 5% of the lung, involving
predominantly subpleural areas with minimal areas of inflammation, epithelial hyperplasia
and; 2 = fibrosis involving from 5% to 20% of the lung, involving subpleural and peribroncheal
areas with areas of inflammation, epithelial hyperplasia and; 3 = fibrosis involving from 21%
to 50% of the lung, involving subpleural and peribroncheal areas with areas of inflammation,
epithelial hyperplasia and 4 = fibrosis involving more than 50% of the lung, involving
subpleural and peribroncheal areas with areas of inflammation, epithelial hyperplasia and. Five
to 14 slides per group were assessed and mean values ± SEM of the fibrotic scores were
calculated.

Analysis of malignant tumor radioprotection
In order to test for potential tumor protection from radiation by FS feeding, mice were injected
with 2 million murine Lewis Lung carcinoma cells (LLC cells) (10). Multiple metastatic lung
tumors were established within ten days post injection as judged by parallel animals that were
sacrificed and evaluated histologically. Mice were started on 0% or 10% FS diets two weeks
prior to tumor cell injection and 10 days prior to receiving a single dose XRT to the thorax
(13.5 Gy). Lungs were evaluated for tumor burden 31 days post XRT. Lung weight was also
recorded.

Tumor morphometry
Quantitative morphometric analysis was performed on 5-μm serial lung sections stained with
H&E using Image Pro-Plus image-analysis software (Spot 3.0 driver software: RTkE
Diagnostic, Inc., Image-pro plus 4.0: Media Cybernetics, Silver Spring, MD). Images were
obtained with an Olympus BX41 light microscope fitted with a high-resolution RTkE
Diagnostic camera. Each image was captured under the same reproducible conditions and
digitized. Values, originally expressed in pixels, were converted to micrometers squared and
expressed as percentage of the total area.

Statistical analysis
Results are expressed as mean ± SEM. Statistical differences among groups were determined
using one-way analysis of variance (ANOVA). When statistically significant differences were
found (p<0.05) individual comparisons were made using the Bonferoni/Dunn test (Statview
4.0).

RESULTS
The flaxseed SDG blunts radiation-induced H2O2 generation in lung endothelial cells

We evaluated SDG in an in vitro model of radiation-induced oxidative stress generation to
detect ROS production by the pulmonary endothelium identified by H2DCF-DA fluorescence.
Confluent monolayers of PMVEC were challenged with gamma radiation in the presence of
physiological (0.1−50 μM) levels of SDG. (Figure 2, Panel A). Quantification of these images
show a significant increase in ROS generation shortly after radiation (fluorescent imaging
panels of unirradiated cells are completely black-not shown) which was blunted in a dose-
dependent manner by SDG (p<0.001). (Figure 2, Panel B).

Dietary FS supplementation ameliorates radiation–induced oxidative lung damage
C57/Bl6 mice develop acute pneumonitis within 2−3 weeks after a single fraction of XRT (13.5
Gy) characterized by inflammatory cell influx quantified by BALF evaluation of white blood
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cell (WBC) counts and by oxidative tissue damage measured by lung MDA (10). Irradiated
mouse lungs from animals pre-fed 10% FS, sustained a significantly lower level of lipid
peroxidation as compared to irradiated mice fed control diet (n=10−15 mice per group;
p=0.001) (Figure 3).

Dietary FS supplementation reduces the early expression of the Bax, p21, and TGF-β1 after
thoracic XRT

Thoracic irradiation increases the expression of Bax, p21 and TGF-β1, and these biomarkers
show strong correlation with the severity of radiation-induced lung injury in both animal studies
(10,24,25) and human (26,27). To examine the effect of FS feeding on biomarkers of radiation-
induced lung injury, mice were sacrificed and their lungs processed for RT-PCR analysis of
Bax, p21 and TGF-β1 expression levels at 24 hours post XRT (Figure 4). Radiation caused an
11- and 26-fold increase of both Bax and p21 gene expression respectively at 24 hours post
XRT over non-irradiated control diet fed mice. 10% FS-fed mice had significantly reduced
expression of Bax and p21 by 2.8- and 4.3-fold, respectively, compared to control fed irradiated
mice, p<0.001. Our group also examined the kinetics of TGF-β1 gene expression levels in
irradiated mouse lungs following a single-fraction radiation treatment (10) and observed that
a 2.6 fold increase in TGF-β1 levels is seen at 24 hours post thoracic XRT, confirming
previously published work (28). In the current experiment, we showed a similar early increase
of TGF-β1 expression at 24 hours post-XRT in control diet fed mice and a 3.9-fold decrease
in expression in the 10% FS fed mice compared to control fed irradiated mice (p<0.001) (Figure
4).

Dietary FS supplementation abrogates long term inflammatory cell infiltration and fibrosis
in lungs after single fraction thoracic XRT

Compared to control diet fed mice, mice pre-fed 10% FS prior to radiation did not have
significant differences in BALF measures of early inflammation and injury. Specifically,
mouse lung lavages 3 weeks post XRT, the earliest time of detectable lung inflammation and
injury in this model (10), showed no significant differences in BAL WBC, % infiltrating PMN
or BAL proteins between irradiated mice on control 0% FS or 10% FS diet (n=10−15 mice per
group). To evaluate the effect of FS on radiation pneumonitis, histopathologic changes of
irradiated animals 4 months post XRT in each diet group (0% and 10% FS) were evaluated by
quantification of alveolar neutrophils (PMN) and macrophages (MF) from H&E lung sections
from all animals that survived the 4-month long-term experiments (Figure 5, Panels A and
B respectively). A pathologist blinded to the experimental groups evaluated 5 high-power fields
(HPF) per slide and recorded the average for each lung. While XRT induced a significant influx
of both PMN and MF in 0% FS animals, the effect was ameliorated by FS supplementation.

Moreover, when the degree of radiation fibrosis was evaluated using Trichrome staining, the
10% FS treated group of irradiated lungs had less severe fibrosis and less structural damage
compared to control diet-fed irradiated mice as shown in representative animals (Figure 6,
Panel A, subpanels c and d vs. a and b ). Semi-quantitative analysis of the degree of late-
phase pneumonopathy characterized by both inflammation and fibrotic changes using the
radiation Fibrotic Index (FI) score indicated significant decrease in lung fibrosis in irradiated
lungs from 10% FS vs. 0% FS fed mice (p=0.005) (Figure 6, Panel B). Similarly, mice prefed
10% FS supplemented diets before and after thoracic XRT had significantly decreased lung
hydroxyproline content four months after XRT as compared to irradiated mice fed control diet
(n=10 mice per group; **p=0.01 vs. 0% Flaxseed + XRT) while no diet-related difference in
animal weight was observed. This represents a 10.5% vs. 39% increase in hydroxyproline
content as compared to non-irradiated, age-matched control mice placed on the respective diets
(10% FS and 0% FS diets respectively). (Figure 6, Panel C).
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Dietary FS supplementation at the time of thoracic XRT does not affect tumor response to
radiation

To determine whether FS feeding alters lung tumor response to thoracic XRT, an orthotopic
murine lung cancer model was used as previously described (10). C57/Bl6 mice were injected
with LLC and pulmonary metastases were established within 10 days. Control or 10% FS diet
was started >3 weeks prior to thoracic XRT (13.5 Gy) and continued for the duration of the
experiment (Figure 7, Panel A). This ensured that flaxseed-mediated upregulation of
antioxidant defenses in the lung would be adequately induced as observed by Lee et al. (15).
Four weeks after XRT, mice were sacrificed and lungs were weighed and assessed
histologically to determine tumor burden. There was no statistical difference in lung weight
observed with 0% vs. 10% FS feeding in irradiated, tumor-bearing lungs (Figure 7, Panel B).
Morphometric analysis from 0% and 10% FS fed mice who received tumor injections and
irradiation revealed no significant difference in % tumor area per slide (Figure 7, Panel C).
These data indicate that dietary supplementation of flaxseed did not prevent radiation-induced
tumor killing. In fact, dietary FS alone showed a trend toward decreased tumor burden, a
phenomenon that we are currently investigating.

DISCUSSION
In this study, we demonstrate that FS, a non-toxic nutritional supplement with antioxidant
properties, can prevent oxidative reactions in lung cells and tissues induced by radiation. Long
term post-XRT fibrosis and inflammation were also improved with FS feeding prior to and
after XRT. This normal tissue radioprotection does not come at the expense of tumor protection,
suggesting that dietary FS may be clinically useful in increasing the therapeutic index of
thoracic radiation therapy. Antioxidant cell and tissue protection from radiation using FS and
FS-derived SDG was also demonstrated. Thus, the use of FS in the realm of radiation
pneumonopathy is novel and has potential implications for more effective radiotherapy of
thoracic malignancies.

Our group has had an interest in exploring the use of natural dietary supplements as a means
of ameliorating acute and chronic lung diseases that implicate oxidative stress such as radiation
pneumonopathy. Flaxseed is one such dietary supplement, a whole grain that is non-toxic and
has both anti-inflammatory and antioxidant properties due to its high concentrations of
omega-3 fatty acids and lignans (29). FS and its bioactive metabolic components have been
extensively studied in other organ systems and have proven to be beneficial, mostly in regards
to cancer (30-33).Our group was the first to show that dietary FS supplementation could also
reduce inflammation and lipid peroxidation in murine models of acid aspiration and hyperoxia
(14) and more recently, in ischemia/reperfusion injury related to lung transplantation damage
(15) .

During the acute phase of radiation-induced lung injury, FS inhibited oxidative lung damage
but not inflammatory cell influx. While this may seem contradictory, recent studies by Lee at
al. (15) showed that inflammatory cells isolated from lung lavage of FS-fed animals are
inhibited in respiratory burst and ROS release when stimulated. This may help explain the
antioxidant, protective effects of flaxseed in radiation injury. In addition, this study indicated
that lignans inhibit radiation-induced ROS generation in endothelial cells (EC). In vitro ROS
release by EC in response to ionizing radiation has been previously reported (34). Since SDG
was added shortly prior to irradiation, we can speculate that it acted via direct ROS scavenging
rather than enhancement of intracellular antioxidant defense systems as shown by Lee et al.
(15). SDG and FS lignans have been reported to have such direct ROS scavenging properties
(13).
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Our data show that a number of markers of acute radiation effects are altered by FS. TGF-β1
mRNA levels have been demonstrated to surge soon after irradiation and that this elevation is
reversible with a single dose of radioprotective antioxidant enzymes (AOEs) administered
intravenously (35,36). The results from the current study are consistent with this previous data
in that creating an antioxidant-rich environment at the time of thoracic XRT from FS feeding
abrogates the early rise in the proliferative cytokine TGF-β1. Previous studies have shown that
both Bax and p21 are upregulated early after irradiation, suggesting that these and similar genes
might be implicated in the early molecular response to radiation-induced lung injury (24,25).
Similar to the observed effects of FS feeding on TGF-β1, in the current study, increases in
apoptotic (Bax) and cell cycle progression (p21) signals were blunted at 24 hours post XRT,
genes known to be responsive to oxidative stimuli.

These effects on biomarkers of radiation pneumonopathy were borne out of the ability of 10%
FS dietary supplementation to decrease both pneumonitis and fibrosis in mice. While these
results were obtained using a single radiation fraction, the induction of radiation
pneumonopathy in rodent models by various single fraction and hypofractionated regimens
have been studied in detail by many investigators as models for the radiation pneumonopathy
of multifraction clinical irradiation of humans (8,9,28).

Lastly, we evaluated whether in addition to protecting normal lung parenchyma, dietary FS
supplementation might protect lung tumor, negating its radioprotective benefits. Given
published reports of the anti-carcinogenic effects of FS (37,38), there was a possibility of
reducing tumor size due to FS feeding for several days before XRT. We did observe a non-
significant trend towards decreased tumor size with FS feeding (20%±8% vs. 15%±8% tumor
area for control diet vs. FS supplemented). However, we concluded that FS feeding prior to
XRT did not inhibit tumor growth to significantly confound our experimental design. Our data
indicated that there that FS successfully and preferentially provides protection of normal lung
parenchyma while not radioprotecting established lung tumors.

In summary, this study evaluates a non-toxic, widely available nutritional supplement that
offers long term radioprotective effects in the setting of thoracic radiotherapy. Potential
mechanisms of the effects of prolonged FS feeding include altering immediate XRT-induced
markers of lung damage, creating a baseline radioprotective state prior to XRT, and providing
high levels of circulating antioxidants from the continued metabolism is of bioactive lignans.
Our long term goal is to be able to provide adequate radioprotection not only to prevent the
side effects of radiation on normal lung parenchyma, but also to allow for greater doses of
radiation to affect further clinical response and cure against thoracic malignancies.
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ABBREVIATIONS
AU, Arbitrary units
BAL F, Bronchoalveolar lavage fluid
DMEM, Dulbeccos's modified Eagle medium
FI, Fibrotic Index
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FS, Flaxseed
H2DCF, 2',7'-dichlorodihydrofluorescein
H&E, Hematoxylin and eosin
LLC, Lewis Lung Carcinoma
MDA, Malondialdehyde
PMN, Polymorphonuclear leukocyte
PMVEC, Pulmonary microvascular endothelial cells
ROS, Reactive oxygen species
SDG, Secoisolariciresinol diglucoside
WBC, White blood cells
XRT, X-ray Treatment
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Figure 1. Single fraction thoracic XRT treatment
Panels A-C: Mice are anesthetized mildly and irradiated in a custom-made immobilization
chamber that allows exposure of the lungs (bilateral) with shielding of the head, abdomen, and
extremities (A,B). The dose of irradiation is a single fraction delivered via single AP (anterior-
posterior) approach. The dose used is 13.5 Gy (roughly corresponding to LD50). For quality
assurance, theromoluminescent dosimeters are placed over selected mice, to verify correct dose
administration. Hair loss and discoloration designates and confirms the site or irradiation.
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Figure 2. Antioxidant action of Flaxseed in irradiated lung cells
Panel A: ROS generation was measured in mouse PMVEC treated with SDG shortly prior to
2 Gy gamma irradiation. Fluorescence intensity was measured in the absence of SDG or
treatment with 0.1−25 μM SDG. The ROS-specific dye H2DCF-DA was used to monitor ROS
generation. Panel B: 8 random fields were selected for the quantification of fluorescence (B).
*P<0.001 for irradiated control as compared to all doses of SDG given to gamma-irradiated
cells shortly prior to irradiation.
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Figure 3. Antioxidant action of Flaxseed in irradiated lung tissues
Malondialdehyde (MDA) levels were evaluated in whole mouse lung homogenates from non-
irradiated, baseline controls and compared to control or 10% Flaxseed fed mice at three weeks
after thoracic XRT. Values represent mean ± SEM. n=10−15 mice per group. *p=0.001 for
0% FS vs. 10% Flaxseed + XRT and **p=0.04 for irradiated 0% FS vs. non-irradiated 0% FS.
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Figure 4. Flaxseed modulates post XRT gene expression involved with apoptosis, cell cycle
regulation, and inflammation
RTPCR of Bax, p21, and TGFβ-1 at 24 hours post XRT in mice fed control or 10% Flaxseed
diets. Values represent means of triplicate samples of pooled cDNA from n=3 mice per group.
Values were normalized to beta actin gene levels and compared to unirradiated controls. Error
bars represent mean ± SEM. *p<0.001 vs. 0% Flaxseed at 24h post XRT for Bax, p21, and
TGF-β1.

Lee et al. Page 14

Cancer Biol Ther. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. Evaluation of FS in abrogating XRT-induced inflammation
Mice we re fed a 0% or 10% FS-supplemented diet for 3 weeks and then exposed to a single
fraction thoracic XRT (13.5 Gy). Mice were kept on the respective diets and sacrificed after 4
months (Late phase) for evaluation of lung inflammation and injury. Panels A,B: Comparison
of alveolar PMN and Macrophage influx in lungs 4 months post-XRT. Cells were quantified
from histological H&E-stained lung sections in 5 high-power fields per lung in all animals
from 3 separate long-term studies. *p<0.0001 for 0% FS vs. 10% FS XRT and **p<0.0001 vs.
0% FS no XRT in the late phase.
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Figure 6. Lung fibrosis four months after thoracic irradiation
Panel A: Evaluation of collagen deposition using Mason's trichrome blue stain (MTB) in lungs
from mice fed control or 10% FS diets at four months ± thoracic XRT. Characteristic
morphology of each group is shown at 100x (Panel a,c) and at higher magnification at 400x
(Panels b, d). Panel B: Semi-quantitative assessment of lung fibrosis using a radiation Fibrotic
Index (FI) generated by a lung pathologist, with 4 signifying maximal fibrosis. Values represent
mean ± SEM of n=5−14 slides per group, **p=0.008 vs. 0% FS, No XRT and *p=0.005 vs.
10% + XRT. Panel C: Evaluation of hydroxyproline content in mice treated as in A and B.
Values indicate mean ± SEM of n=10 mice per group. (**p=0.0004 vs. 0% FS, No XRT and
*p=0.002).
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Figure 7. Dietary Flaxseed treatment and lung tumor protection
Panel A: Mice were injected with 2x106 LLC cells or saline and lung tumors were established
within 10 days post injection. Twenty five days prior to a single dose of XRT (13.5 Gy) to the
thorax at T=0, the mice were placed on a 0% or 10% Flaxseed diet. Mice were allowed to live
4 additional weeks and lungs were excised and weighed. (n=4 mice/group). Panel B: Lung
weight evaluations of 0% Flaxseed as compared to 10% flaxseed supplemented. The data
represent Mean ± SEM. *p=0.04 vs. Lung + tumor, no XRT vs. plus XRT. Dashed line
represents non-irradiated, non-treated, control mouse lungs at initiation of the experiments.
Panel C: Morphometric analysis of % tumor in total area per treatment group, Mean ± SEM
*p=0.005 for 0% FS tumor/no XRT vs. 0% FS Tumor+ XRT.
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