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FIGURE 2 ( Continued ) 
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COMPOSITIONS FOR INCREASING 
RESILIENCE TO TRAUMATIC BRAIN 

INJURY 

FIELD OF INVENTION 

[ 0001 ] The present invention relates generally to methods 
and compositions for increasing resilience to traumatic brain 
injury . More specifically , the present invention relates to 
compositions comprising whey protein isolate and / or con 
centrate , and their use in protecting against traumatic brain 
injury . 

BACKGROUND 

16-22 

an external force , and leads to tissue deformation , tearing of 
blood vessels and neuronal axons , necrotic cell death , and 
initiation of secondary injury processes . Secondary injury 
mechanisms may include intracranial hemorrhage , excito 
toxicity , ionic disturbances , decreased cerebral blood flow , 
edema , inflammation , mitochondrial dysfunction , oxidative 
stress , nitrosative stress , and ( neuronal and glial ) cell death 
by apoptosis . Although many patients might in theory , be 
able to significantly recover from the primary mechanical 
injury of TBI given appropriate acute surgical interventions 
and supportive care , the detrimental consequences of sec 
ondary injury often lead to long term physical , cognitive , 
and emotional impairments that markedly reduce quality of 
life . Given the multi - factorial nature of secondary injury , 
many different therapeutic approaches have been investi 
gated in an attempt to mitigate the post - acute neuronal 
damage caused by TBI including antioxidants , neurorestor 
ative therapies , neuroprotective pharmacological agents , and 
drugs that modulate neuroinflammation . Yet , despite 
some compelling results with specific agents in pre - clinical 
animal models of TBI and Phase I / II trials in patients , there 
are currently no FDA approved drugs for TBI which have 
shown significant therapeutic efficacy in large , randomized 
Phase III clinical trials . Therefore , novel therapeutic 
approaches for TBI are critically needed . Oxidative and 
nitrosative stress are key elements of the secondary injury 
processes following TBI.23 , 24 GSH is an essential antioxi 
dant that detoxifies these free radical species . GSH works in 
concert with GSH peroxidases , GSH transferases , and per 
oxiredoxins to detoxify hydroperoxides and other electro 
philic species produced during periods of oxidative and 
nitrosative stress . Several studies suggest that endogenous 
GSH plays an important protective role against TBI . Brain 
GSH levels are significantly reduced following TBI induced 
by controlled cortical impact in rats . Genetic variations in 
the activity of glutathione - S - transferase - 4 , a GSH - depen 
dent enzyme that reduces the toxic lipid peroxidation prod 
uct 4 - hydroxynonenal , is a determining factor in the extent 
of neurodegeneration after TBI in rats . 26 Moreover , mice 
homozygous for deletion of the GSH - dependent , free radical 
detoxifying enzyme , glutathione peroxidase - 1 , display 
enhanced susceptibility to brain mitochondrial dysfunction 
induced by TBI.27 
[ 0006 ] Several studies have shown that administration of 
the GSH precursor , N - acetylcysteine , just prior to or imme 
diately after TBI , significantly preserved brain tissue and 
mitochondrial GSH levels , reduced measures of oxidative 
damage , and preserved neuronal survival.28 , 29 In a similar 
manner , treatment with another GSH precursor , gamma 
glutamylcysteine ethyl ester , reduced indices of oxidative 
and nitrosative stress and preserved blood - brain - barrier 
( BBB ) function when given immediately post - TBI . 
Finally , the GSH analog and nitric oxide modulator , S - ni 
trosoglutathione , decreased BBB disruption , minimized 
neuronal loss , reduced inflammation , protected axonal integ 
rity , and increased the expression of neurotrophic factors 
when administered post - TBI to rats subjected to controlled 
cortical impact . Enhancing GSH may provide a thera 
peutic approach for TBI . Unfortunately , few of these previ 
ous studies evaluated the effects of GSH precursor supple 
mentation on cognitive or motor deficits induced by TBI and 
as a result , it has been unclear what therapeutic benefit this 
strategy might realistically hold for patients suffering from 
TBI . 

[ 0002 ] Traumatic brain injury ( TBI ) is a major public 
health problem estimated to affect nearly 1.7 million people 
in the United States annually . Due to the often debilitating 
effects of TBI , novel preventative agents are highly desirable 
for at risk populations . 
[ 0003 ] According to the Brain Injury Association of 
America , nearly 5.3 million Americans are currently living 
with long term mental or physical disabilities due to TBI . 
Moreover , the estimated annual cost to society due to TBI in 
the United States exceeds $ 76.5 billion . TBI includes inju 
ries to the brain caused by physical trauma resulting from , 
but not limited to , incidents involving motor vehicles , sport 
ing events , falls , blast injuries , and physical assaults , for 
example . In addition to short term cognitive , physical or 
emotional sequelae , TBI may have lasting effects across 
multiple organs and systems and may cause or accelerate 
other diseases and disorders that reduce life expectancy . 
[ 0004 ] Based on findings published by the Centers for 
Disease Control , at least 1.7 million incidences of TBI occur 
in the United States each year . ? Of these cases , nearly 75 % 
are categorized as forms of mild TBI including concussions . 
Repetitive incidences of mild TBI are linked to progressive 
neurological dysfunction and an increased risk of neurode 
generation . For many decades it has been recognized that 
repetitive mild TBI experienced by boxers resulted in a 
syndrome of progressive neurological deterioration origi 
nally known as dementia pugilistica . More recently , this 
term has been replaced with the more descriptive designa 
tion , chronic traumatic encephalopathy . This complex neu 
rological disorder is characterized by executive dysfunction , 
depression , memory impairment , and dementia , amongst 
other types of cognitive and affective dysfunction.4 Chronic 
traumatic encephalopathy and other forms of dementia have 
been linked to repetitive mild TBI caused by sports related 
concussive and subconcussive head trauma in football , 
hockey , soccer , and wrestling . In a similar manner , blast 
related TBI which is estimated to affect 10-20 % of veterans 
returning from the wars in Iraq and Afghanistan , is also 
associated with an increased risk of chronic traumatic 
encephalopathy and other types of dementia , as well as 
posttraumatic stress disorder.9 , 10 Regardless of the cause or 
severity of TBI , even mild TBI appears to be a significant 
risk factor for development of dementia including Alzheim 
er's disease . Thus , identification of new strategies to 
enhance resilience against TBI is of particular importance to 
people participating in “ high risk ” occupations , such as 
athletes or military personnel . 
[ 0005 ] The pathophysiological processes underlying the 
short and long term injury sequelae associated with TBI are 
complex . The primary injury is mechanical , resulting from 
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[ 0007 ] The nutritional supplement , Immunocal® , is a non 
denatured whey protein designed to augment the available 
intracellular GSH pool . Cellular GSH concentrations are 
highly dependent on the availability of cysteine , which is the 
limiting precursor in GSH synthesis.34 , 35 The cysteine 
precursor , cystine , occurs at high levels in Immunocal® 
because the supplement is rich in serum albumin , alpha 
lactalbumin , and lactoferrin . These proteins have a signifi 
cant number of cystine residues in this non - denatured prepa 
ration . In addition , the direct GSH precursor , 
glutamylcysteine ( Baruchel and Viau , 1996 ; Baruchel et al . , 
1998 ) , is also found in the serum albumin fraction of this 
supplement . When cystine is provided in this peptide form , 
it is resistant to proteolysis by pepsin and trypsin but is 
readily cleaved and reduced to two cysteine molecules 
within the target cell . This is significant , as cysteine supple 
mentation alone is cytotoxic.36 Immunocal® was initially 
developed as a nutritional supplement to increase immune 
system function after dietary amino acids were discovered to 
increase immune reactivity.37 It has been investigated in 
several human diseases and has been shown to significantly 
increase blood or lymphocyte GSH levels in HIV - seroposi 
tive or cystic fibrosis patients , respectively.38 , 39 Immuno 
cal® is one of only a handful of nutritional supplements that 
are included in the Physician's Desk Reference and is 
comprised of natural food protein placing it in the FDA 
category of generally recognized as safe . Immunocal® 
supplementation preserves blood and spinal cord GSH levels 
and delays disease onset in a transgenic mouse model of 
amyotrophic lateral sclerosis . 41 In a similar manner , Immu 
nocal® treatment was recently shown to restore GSH 
homeostasis in the CNS and ameliorate behavioral deficits in 
a mouse model of schizophrenia . 
[ 0008 ] Alternative , additional , and / or improved methods 
and / or compositions for protecting against traumatic brain 
injury are desirable . 

40 

42 

[ 0015 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , the composition may be 
for administration to the subject at least 2 weeks , at least 3 
weeks , or at least 4 weeks prior to injury or prior to 
performing an activity for which there is a risk of injury . In 
certain further embodiments , the composition may be for 
administration to the subject beginning at least about 4 
weeks prior to injury or prior to performing an activity for 
which there is a risk of injury . In still further embodiments , 
the composition may be for administration to the subject 
beginning at least about 4 weeks prior to injury or prior to 
performing an activity for which there is a risk of injury , 
wherein the composition is for administration at about 20 
grams or more per day , for example . 
[ 0016 ] In yet another embodiment of any of the above 
methods , uses , or compositions for use , the composition 
may be for administration at about 10 grams to about 20 
grams per day for healthy young ( < 45 years old ) individuals ; 
at about 30 grams to about 40 grams per day for older or very 
athletic individuals ; or at about 30 grams to about 40 grams 
per day or more for individuals with health challenges . 
[ 0017 ] In certain embodiments , the composition may be 
mixed with water , juice , or milk . In certain embodiments , 
the composition may be for administration on an empty 
stomach or with a light meal . 
[ 0018 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially prevent reduction in brain 
GSH / GSSG ratio following injury as compared to an 
untreated control . 
[ 0019 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially prevent motor function 
and / or cognitive function deficit following injury as com 
pared to an untreated control . 
[ 0020 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially preserve corpus callosum 
width and / or axonal myelination following injury as com 
pared to an untreated control . 
[ 0021 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially prevent neuron degenera 
tion following injury as compared to an untreated control . 
[ 0022 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially reduce Ibal microglial 
marker immunoreactivity in the brain following injury as 
compared to an untreated control . 
[ 0023 ] In still another embodiment of any of the above 
methods , uses , or compositions for use , administration of the 
composition may at least partially reduce demyelination of 
the corpus callosum following injury as compared to an 
untreated control . 
[ 0024 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially reduce number of foci of 
degenerating neurons following injury as compared to an 
untreated control . 
[ 0025 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , the composition may 
comprise Immunocal® . 

SUMMARY OF INVENTION 

[ 0009 ] In an embodiment , there is provided herein a 
method for preventing traumatic brain injury ( TBI ) in a 
subject , said method comprising : 

[ 0010 ] administering a composition comprising whey 
protein isolate and / or whey protein concentrate to the 
subject pre - injury , 

[ 0011 ] thereby increasing resilience of the subject to 
TBI . 

[ 0012 ] In another embodiment , there is provided herein a 
use of a composition comprising a whey protein isolate 
and / or a whey protein concentrate for preventing traumatic 
brain injury ( TBI ) in a subject , wherein the composition is 
for increasing resilience of the subject to TBI . 
[ 0013 ] In still another embodiment , there is provided 
herein a use of a composition comprising a whey protein 
isolate and / or a whey protein concentrate in the manufacture 
of a medicament for preventing traumatic brain injury ( TBI ) 
in a subject , wherein the medicament is for increasing 
resilience of the subject to TBI . 
[ 0014 ] In yet another embodiment , there is provided 
herein a composition comprising a whey protein isolate 
and / or a whey protein concentrate , for use in preventing 
traumatic brain injury ( TBI ) in a subject , wherein the 
composition is for increasing resilience of the subject to 
TBI . 
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[ 0026 ] In still another embodiment , there is provided 
herein a method for preventing or reducing traumatic brain 
injury ( TBI ) in a subject , said method comprising : 

[ 0027 ] identifying the subject as being at risk for receiv 
ing a TBI based on one or more risk factors ; 

[ 0028 ] administering a composition comprising whey 
protein isolate and / or whey protein concentrate to the 
subject identified as being at risk for TBI pre - injury , 
thereby increasing resilience of the subject to TBI . 

[ 0029 ] In another embodiment of the above method , the 
one or more risk factors may comprise occupational risk , 
risk associated with planned activities , risk associated with 
situations or environments to which the subject will be 
exposed , or a predisposition or susceptibility of the subject 
to head injury or brain damage . 
[ 0030 ] In another embodiment of any of the above meth 
ods , the method may further comprise a step of : 

[ 0031 ] identifying a known risk date on which the 
subject has elevated risk for TBI based on the one or 
more risk factors , and identifying a preventative treat 
ment start date which is prior to the known risk date ; 

wherein administration of the composition to the subject in 
the step of administering begins on or before the preventa 
tive treatment start date . In further embodiments , the pre 
ventative treatment start date may be at least 2 weeks , at 
least 3 weeks , or at least 4 weeks prior to the known risk 
date . 
[ 0032 ] In certain embodiments , it may be desirable that 
the preventative treatment start date be at least about 4 
weeks prior to the known risk date . In still further embodi 
ments , the preventative treatment start date may be at least 
about 4 weeks prior to the known risk date , and the com 
position may be administered at about 20 grams or more per 
day beginning on the preventative treatment start date , for 
example . The person of skill in the art having regard to the 
teachings herein will be aware of suitable dosages and 
dosage frequencies suitable for a particular individual and / or 
application . As will be understood , in some cases , the 
occurrence of a TBI may be difficult to predict and / or to 
prepare for several weeks in advance ; in such circumstances , 
any increase in resilience to TBI may be preferable to no 
increase . 
[ 0033 ] In yet another embodiment of any of the above 
methods the composition may be for administration at about 
10 grams to about 20 grams per day for healthy young ( < 45 
years old ) individuals ; at about 30 grams to about 40 grams 
per day for older or very athletic individuals ; or at about 30 
grams to about 40 grams per day or more for individuals 
with health challenges . 
[ 0034 ] In certain embodiments , the composition may be 
mixed with water , juice , or milk . In certain embodiments , 
the composition may be for administration on an empty 
stomach or with a light meal . 

hanced MSME T1 - weighted MR images of BBB disruption 
at 72 h post - TBI . The white asterisk indicates a hyper 
intense area of BBB disruption in the same mouse shown in 
( A ) that received a moderate TBI ( left ) compared to a Sham 
mouse ( right ) . Corresponding graph shows quantification of 
the volume of BBB disruption in mm . Results are shown as 
mean : SEM , n = 5-6 mice per group . C ) The graph shows a 
scatter plot of the data shown in ( C ) . Abbreviations used : 
BBB , blood - brain - barrier . Abbreviations used : BBB , blood 
brain - barrier ; ICAL , Immunocal® ; 
[ 0036 ] FIG . 2 shows Western blotting for Tau phosphory 
lation and expression in brain tissue of mice subjected to 
TBI . At 72 h post - TBI , one half of the brain ( excluding 
cerebellum ) was dissected and homogenized in lysis buffer . 
Whole brain tissue lysates were resolved by SDS - PAGE and 
proteins transferred to PVDF membranes . A ) Blots were 
sequentially stripped and reprobed with antibodies against 
Tau phosphorylated on Ser396 , Thr231 , and Ser404 , paired 
helical filament ( PHF ) Tau , total Tau , and actin ( as a loading 
control ) . Asterisks indicate prominent Tau bands and MW 
markers are shown for estimation of size . The blots shown 
are from two independent sets of mice ( Sham , TBI , TBI + 
ICAL ) which displayed similar results . B ) Densitometric 
analysis of each form of phospho - Tau was performed on 
three independent sets of mice . Phospho - Tau was normal 
ized to total Tau and this value was set to 1.00 for each Sham 
mouse ; the ratio of phospho - Tau to total Tau was then 
expressed relative to the Sham control for each set of mice . 
No statistically significant differences were observed ; how 
ever , there was a trend towards increased Tau phosphory 
lation on Ser396 in untreated TBI mice compared to Sham 
and this trend persisted for TBI mice which had been 
pretreated with Immunocal® ( one - way ANOVA , p = 0.096 ) . 
Abbreviations used : ICAL , Immunocal® ; p - Tau , phospho 
Tau ; 
[ 0037 ] FIG . 3 provides clinical measures following TBI or 
Sham surgery . A ) Body weights ( mean + SEM ) were assessed 
on day 0 , just prior to TBI or Sham surgery . Mice pretreated 
for 28 days with Immunocal® displayed a statistically 
significant ( p < 0.01 , n = 40 mice per group ) reduction in body 
weight compared to both Sham mice ( ** ) and untreated TBI 
mice ( ## ) . B ) Righting reflex times ( mean - SEM ) were 
measured immediately post - TBI or Sham surgery . Both 
untreated and Immunocal® - pretreated mice subjected to 
TBI displayed statistically significant ( p < 0.001 , n = 40 mice 
per group ) increases in righting reflex times when compared 
to Sham mice ( *** ) . C ) Apnea times ( mean : SEM ) were 
documented immediately post - TBI or Sham surgery . All of 
the mice subjected to TBI , including those pretreated with 
Immunocal® , displayed substantial periods of apnea follow 
ing impact , with no significant difference observed between 
groups ( n = 20 mice per group ; unpaired t - test , p = 0.995 ) . By 
comparison , no mice subjected to Sham surgery displayed 
any apnea . Abbreviations used : ICAL , Immunocal® ; s , 
seconds ; 
[ 0038 ] FIG . 4 indicates performance on the challenging 
beam walk task of mice subjected to TBI . A - D ) Percentage 
of right hind foot faults quantified in narrowing beam 
segments at 24 h post - TBI . Segments 1-4 represent sections 
of the beam with progressively narrower widths . All groups 
showed increasing foot faults as the beam became progres 
sively narrower . In the narrowest section of the beam 
( section 4 ) , the percentage of right hind foot faults for 
Immunocal® - pretreated mice that were subjected to TBI 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0035 ] FIG . 1 provides MRI analysis revealing that Immu 
nocal® did not protect mouse brain from the primary 
mechanical injury induced by TBI . A ) Representative RARE 
T2 - weighted images of gross brain injury at 72 h post - TBI . 
The white asterisk indicates an area of injury in a mouse that 
received a moderate TBI ( left ) compared to a Sham mouse 
( right ) . Corresponding graph shows quantification of the 
volume of injury in mm . Results are shown as mean + SEM , 
n = 5-6 mice per group . B ) Representative gadolinium - en 
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was statistically significantly lower than the corresponding 
value for untreated TBI mice ( # p < 0.05 , n = 8 mice per group ; 
unpaired t - test ; effect size [ 95 % confidence intervals ] = - 1.10 
[ -2.09 to 0.00 ] ) . E ) The percent change in the time taken to 
traverse the entire beam between trial # 1 and trial # 3 is 
shown for each group . Untreated TBI mice showed signifi 
cantly less improvement than Sham mice ( * p < 0.05 ; effect 
size [ 95 % confidence intervals ] = 1.53 [ 0.15 to 2.68 ] ) and 
Immunocal® - pretreated mice that were subjected to TBI 
showed significantly more improvement than untreated TBI 
mice ( # p < 0.05 , n = 6 mice per group ; one - way ANOVA , 
p = 0.012 ; effect size [ 95 % confidence intervals ] = - 1.42 [ -2 . 
55 to -0.06 ] ) . Abbreviations used : ICAL , Immunocal® ; 
[ 0039 ] FIG . 5 provides data indicating that pre - injury 
supplementation with Immunocal® significantly improved 
rotarod performance post - TBI . Rotarod performance was 
assessed on day 9 ( A ) and day 16 ( B ) post - TBI . On day 9 
post - TBI , time spent on the accelerating rotarod apparatus 
significantly decreased in untreated TBI mice compared to 
Sham control mice ( * p < 0.05 ; effect size [ 95 % confidence 
intervals ] = - 1.40 [ -2.46 to -0.15 ] ) . This motor deficit was 
completely prevented by pre - injury supplementation with 
Immunocal® ( # p < 0.05 versus untreated TBI mice , n = 7 
mice per group ; one - way ANOVA , p = 0.026 ; effect size 
[ 95 % confidence intervals ] = 1.70 [ 0.38 to 2.78 ] ) . On day 16 
post - TBI , no significant differences in latency time were 
observed between groups ( n = 6 mice per group ; one - way 
ANOVA , p = 0.686 ) . Abbreviations used : ICAL , Immuno 
cal® ; s , seconds ; 
[ 0040 ] FIG . 6 provides data indicating that pre - injury 
supplementation with Immunocal® significantly improved 
various aspects of Barnes maze performance post - TBI . A ) 
The mean values calculated for the delay time taken to find 
the escape pod are shown for each group of mice ( Sham , 
TBI , TBI + ICAL ) during the six - day acquisition phase of the 
Barnes maze test ( days 10-15 post - TBI ) . Error bars are not 
shown in ( A ) for clarity . Data for day 5 ( B ) and day 6 ( C ) 
of the acquisition phase of the Barnes maze test are shown 
as the mean + SEM for the delay times observed . B ) On day 
5 , untreated TBI mice displayed a statistically significant 
increase in delay time to find the escape pod when compared 
to Sham control mice ( * p < 0.05 , n = 4-7 mice per group ; 
one - way ANOVA , p = 0.05 ; effect size [ 95 % confidence 
intervals ] = 1.89 [ 0.43 to 3.09 ] ) . C ) On day 6 , untreated TBI 
mice displayed a statistically significant increase in delay 
time to find the escape pod when compared to Sham control 
mice ( ** p < 0.01 , n = 6-7 mice per group ; one - way ANOVA , 
p = 0.002 ; effect size [ 95 % confidence intervals ] = 2.26 [ 0.88 
to 3.39 ] ) and Immunocal® - pretreated mice that were sub 
jected to TBI showed a statistically significant decrease in 
delay time in comparison to untreated TBI mice ( ## p < 0.01 , 
n = 6-7 mice per group ; one - way ANOVA , p = 0.002 ; effect 
size [ 95 % confidence intervals ] = - 1.87 [ -3.02 to -0.46 ] ) . D ) 
Delay times to find the escape pod zone for the probe phase 
of the Barnes maze test ( day 16 post - TBI ) are shown as the 
mean + SEM for each treatment group . The difference 
between the Sham control group and the untreated TBI 
group did not quite reach statistical significance ( p = 0.06 ; 
unpaired t - test ; effect size [ 95 % confidence intervals ] = 1.28 
[ -0.12 to 2.45 ] ) . Immunocal® - pretreated mice that were 
subjected to TBI showed a statistically significant decrease 
in delay time in comparison to untreated TBI mice ( ## 
p < 0.01 , n = 5-7 mice per group ; one - way ANOVA , p = 0.009 ; 

effect size [ 95 % confidence intervals ] = - 1.90 [ -3.10 to 
-0.41 ] ) . Abbreviations used : ICAL , Immunocal® ; s , sec 
onds ; 
[ 0041 ] FIG . 7 shows data indicating that pre - injury 
supplementation with Immunocal® preserved the brain 
GSH / GSSG ratio following TBI in mice . At 72 h post - TBI , 
one half of the brain ( excluding cerebellum ) was dissected 
and extracted for analysis of reduced GSH ( A ) and oxidized 
GSSG ( B ) by HPLC with electrochemical detection , as 
described in the Materials and Methods . No significant 
differences were observed between groups with respect to 
total GSH or GSSG , although there was a trend towards 
enhanced GSSG levels in the untreated TBI group ( p = 0.09 ; 
one - way ANOVA ) . C ) Immunocal® - pretreated mice that 
were subjected to TBI showed a statistically significant 
increase in the GSH / GSSG ratio in comparison to untreated 
TBI mice ( # p < 0.05 , n = 4-6 mice per group ; one - way 
ANOVA , p = 0.017 ; effect size [ 95 % confidence intervals ] 
= 2.13 [ 0.51 to 3.39 ] ) . D ) Immunocal® - pretreated mice that 
were subjected to TBI showed a statistically significant 
decrease in the % GSSG in comparison to untreated TBI 
mice ( # p < 0.05 , n = 4-5 mice per group ; one - way ANOVA , 
p = 0.025 ; effect size [ 95 % confidence intervals ] = - 2.17 [ -3 . 
46 to -0.45 ] ) . Abbreviations used : ICAL , Immunocal® ; 
[ 0042 ] FIG . 8 provides results of assessment of neuroin 
flammation in mice subjected to TBI . A ) At 72 h post - TBI , 
one half of the brain ( excluding cerebellum ) was dissected 
and homogenized in lysis buffer . Whole brain tissue lysates 
were resolved by SDS - PAGE and proteins transferred to 
PVDF membranes . Blots were sequentially stripped and 
reprobed with antibodies against Ibal ( a microglial / macro 
phage marker ) , Actin ( as a loading control ) and S100beta ( an 
astrocyte marker ) . The blots shown are from two indepen 
dent sets of mice ( Sham , TBI , TBI + ICAL ) which displayed 
similar results . Ibal levels trended higher in untreated TBI 
mouse brains than in either the corresponding Sham controls 
or Immunocal® - pretreated TBI mouse brains . S100beta 
levels did not appear to differ substantially between groups . 
B ) Sections of cerebral cortex taken from near the midline 
and just caudal to bregma were stained for the astrocyte 
marker GFAP ( shown in red ) and nuclei were stained with 
DAPI ( shown in blue ) . Images of 40x fields shown are 
representative of results observed in multiple sets of mice at 
18 days post - TBI . Abbreviations used : ICAL , Immunocal® ; 
NS , non - specific band detected by the Ibal antibody shown 
as a loading control ; 
[ 0043 ] FIG . 9 shows results indicating that pre - injury 
supplementation with Immunocal® improved axonal myeli 
nation of the corpus callosum in mice subjected to TBI . A ) 
Panels show Luxol fast blue - stained imaging of the mid 
body of the corpus callosum at 20x magnification taken at 18 
days post - TBI . Red lines indicate maximum width of mid 
body and white arrows indicate area of demyelination 
observed in an untreated TBI mouse . B ) Quantification of 
corpus callosum mid - body measurements . Untreated TBI 
mice displayed a statistically significant decrease in the 
maximum width of the corpus callosum mid - body when 
compared to Sham control mice ( *** p < 0.001 , n = 5-7 mice 
per group ; one - way ANOVA , p = 0.001 ; effect size [ 95 % 
confidence intervals ] = - 3.40 [ -4.84 to -1.44 ] ) . Immuno 
cal® - pretreated mice that were subjected to TBI showed a 
statistically significant increase in the maximum width of the 
corpus callosum mid - body in comparison to untreated TBI 
mice ( # p < 0.05 , n = 5-6 mice per group ; one - way ANOVA , 
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1.00 for each Sham mouse ; the ratio of total BDNF to actin 
was then expressed relative to the Sham control for each set 
of mice . Untreated TBI mice displayed an approximately 
35 % reduction in brain BDNF compared to Sham control 
mice ( p < 0.05 , one - way ANOVA with a post - hoc Dunnett’s 
test ) . Immunocal® - pretreated mice that were subjected to 
TBI showed a statistically significant increase in brain 
BDNF expression in comparison to untreated TBI mice ( ## 
p < 0.01 , n = 3 mice per group ; unpaired t - test ) . 

DETAILED DESCRIPTION 

p = 0.001 ; effect size [ 95 % confidence intervals ] = 1.35 [ -0.06 
to 2.53 ] ) . Abbreviations used : ICAL , Immunocal® ; 
[ 0044 ] FIG . 10 shows results indicating that pre - injury 
supplementation with Immunocal® markedly reduced neu 
ronal degeneration in the brains of mice subjected to TBI . 
Sections of cerebral cortex taken from near the midline and 
just caudal to bregma were stained with Fluoro - Jade C to 
label degenerating neurons at 18 days post - TBI . A ) Panel 
shows an example of two Fluoro - Jade C - positive foci ( indi 
cated by the white arrows ) in an untreated TBI mouse brain . 
Foci are shown imposed onto a bright field image of the 
tissue viewed at 40x magnification . B ) An example of a 
diffuse Fluoro - Jade C - positive foci in an untreated TBI 
mouse brain . Image magnification increased to show finer 
detail . C , D ) Quantification of the number of 40x fields with 
a single Fluoro - Jade C - positive foci ( or multiple foci ) mea 
sured as the fold change compared to Sham control mice . 
Untreated TBI mice displayed statistically significant 
increases in the number of fields with single ( C ) and multiple 
( D ) foci when compared to Sham control mice ( ** p < 0.01 , 
n = 3-4 mice per group ; effect size for single foci [ 95 % 
confidence intervals ] = 3.01 [ 0.73 to 4.50 ] ) . Immunocal® 
pretreated mice that were subjected to TBI showed statisti 
cally significant decreases in the number of fields with single 
( C ) and multiple ( D ) foci in comparison to untreated TBI 
mice ( ## p < 0.01 , n = 3-4 mice per group ; effect size for single 
foci [ 95 % confidence intervals ] = - 3.18 ( -4.70 to -0.83 ] ; 
one - way ANOVA for ( C ) , p = 0.007 ; one - way ANOVA for 
( D ) , p = 0.004 ) . Abbreviations used : ICAL , Immunocal® ; 
[ 0045 ] FIG . 11 shows performance in Y - maze trends 
toward an Immunocal® mediated effect . ( A ) The percent of 
animals that chose the newly unblocked arm on the first 
attempt decreased in injured animals , but exhibited a notice 
able increase in ICAL - treated animals . ( B ) The lag time to 
the previously unexplored arm was determined for each 
individual mouse , with the TBI animals demonstrating an 
increased average time , and the ICAL - treated animals again 
showing an intermediate lag time compared to sham and TBI 
( n = 8 ) . Abbreviations used : ICAL , Immunocal® ; and 
[ 0046 ] FIG . 12 shows that pre - injury supplementation 
with Immunocal® reduced brain lipid peroxidation and 
preserved BDNF expression following TBI in mice . A ) At 
72 h post - TBI , one half of the brain ( excluding cerebellum ) 
was dissected and homogenized in lysis buffer . Whole brain 
tissue lysates were assayed for lipid peroxidation using 
detection of malondialdehyde ( MDA ) as a marker of oxi 
dative damage . MDA absorbance was normalized to total 
protein . Untreated TBI mice displayed a statistically signifi 
cant , approximately two - fold increase in brain MDA content 
compared to Sham control mice ( * p < 0.05 , n = 3-4 mice per 
group ; one - way ANOVA , p = 0.012 ) and Immunocal® - pre 
treated mice that were subjected to TBI showed a statisti 
cally significant decrease in brain MDA content in compari 
son to untreated TBI mice ( #p < 0.05 , n = 3-4 mice per group ; 
one - way ANOVA , p = 0.012 ) . B ) Whole brain tissue lysates 
were resolved by SDS - PAGE and proteins transferred to 
PVDF membranes . Blots were sequentially stripped and 
reprobed with antibodies against pro - BDNF / BDNF and 
Actin . The blots shown are representative of data obtained 
from three independent sets of mice ( Sham , TBI , TBI + 
ICAL ) which displayed similar results . C ) Densitometric 
analysis of pro - BDNF / BDNF expression was performed on 
three independent sets of mice . Total BDNF ( pro - BDNF + 
BDNF ) was normalized to actin and this value was set to 

[ 0047 ] Described herein are methods , compositions , and 
uses thereof for preventing traumatic brain injury ( TBI ) in a 
subject . It will be appreciated that embodiments and 
examples are provided for illustrative purposes intended for 
those skilled in the art , and are not meant to be limiting in 
any way . 
[ 0048 ] In an embodiment , there is provided herein a 
method for preventing traumatic brain injury ( TBI ) in a 
subject , said method comprising : 

[ 0049 ] administering a composition comprising whey 
protein isolate and / or whey protein concentrate to the 
subject pre - injury , 

[ 0050j thereby increasing resilience of the subject to 
TBI . 

[ 0051 ] In another embodiment , there is provided herein a 
use of a composition comprising a whey protein isolate 
and / or a whey protein concentrate for preventing traumatic 
brain injury ( TBI ) in a subject , wherein the composition is 
for increasing resilience of the subject to TBI . 
[ 0052 ] In still another embodiment , there is provided 
herein a use of a composition comprising a whey protein 
isolate and / or a whey protein concentrate in the manufacture 
of a medicament for preventing traumatic brain injury ( TBI ) 
in a subject , wherein the medicament is for increasing 
resilience of the subject to TBI . 
[ 0053 ] In yet another embodiment , there is provided 
herein a composition comprising a whey protein isolate 
and / or a whey protein concentrate , for use in preventing 
traumatic brain injury ( TBI ) in a subject , wherein the 
composition is for increasing resilience of the subject to 
TBI . 
[ 0054 ] As will be understood , preventing TBI and / or 
increasing resilience of a subject to TBI may be understood 
as providing an improved resistance to at least one symptom 
or post - injury effect of TBI , and / or providing an improved 
recovery from at least one symptom or post - injury effect of 
TBI . In certain embodiments , compositions as described 
herein may be considered as preventative or prophylactic 
treatments to protect a subject at risk of receiving a traumatic 
brain injury . 
[ 0055 ] In certain embodiments , compositions described 
herein may be for administration to the subject at least 2 
weeks , at least 3 weeks , or at least 4 weeks prior to injury 
or prior to performing an activity for which there is a risk of 
injury . 
[ 0056 ] Generally , treatment with Immunocal® for about 2 
weeks at about 20 grams per day optimizes whole blood 
GSH in man . Since GSH whole blood levels do not always 
correlate with cerebral GSH levels , it may be desirable in 
certain embodiments that the composition be for adminis 
tration to the subject beginning at least about 4 weeks prior 
to injury or prior to performing an activity for which there 
is a risk of injury . In still further embodiments , the compo 
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uses 

sition may be for administration to the subject beginning at 
least about 4 weeks prior to injury or prior to performing an 
activity for which there is a risk of injury , wherein the 
composition is for administration at about 20 grams or more 
per day , for example . The person of skill in the art having 
regard to the teachings herein will be aware of suitable 
dosages and dosage frequencies suitable for a particular 
individual and / or application . As will be understood , in 
some cases , the occurrence of a TBI may be difficult to 
predict and / or to prepare for several weeks in advance ; in 
such circumstances , any increase in resilience to TBI may be 
preferable to no increase . 
[ 0057 ] In certain embodiments , the composition may be 
for administration at about 10 grams to about 20 grams per 
day for healthy young ( < 45 years old ) individuals ; at about 
30 grams to about 40 grams per day for older or very athletic 
individuals ; or at about 30 grams to about 40 grams per day 
or more for individuals with health challenges . 
[ 0058 ] In still further embodiments , the composition may 
be mixed with water , juice , or milk . In certain embodiments , 
mixing with hot beverages may be avoided . In certain 
embodiments , the composition may be for administration on 
an empty stomach or with a light meal . 
[ 0059 ] In certain embodiments , methods and 
described herein may include a step of identifying a subject 
at risk of receiving a traumatic brain injury prior to admin 
istration of the composition . This skilled person having 
regard to the teachings herein will be able to identify suitable 
criteria for identifying a subject as being at risk based on any 
of a variety of factors which may be associated with an 
increased risk or susceptibility to TBI . Factors may include , 
for example but not limited to , the subject's occupation , 
planned activities ( such as sports or hobby activities ) , physi 
cal condition , and / or a predisposition or susceptibility of the 
subject to head injury or brain damage ( for example , due to 
physical condition , falls , surgery , stroke , etc. . ) , or any 
other suitable factor or combination thereof . By way of 
example , individuals with previous concussion or traumatic 
brain injury history may be more prone to future injury , and 
may therefore be identified as being at risk and may be 
counselled on the benefit of prophylaxis . 
[ 0060 ] Accordingly , in certain embodiments , there is pro 
vided herein a method for preventing traumatic brain injury 
( TBI ) in a subject , said method comprising : 

[ 0061 ] identifying the subject as being at risk for receiv 
ing a TBI based on one or more risk factors ; 

[ 0062 ] administering a composition comprising whey 
protein isolate and / or whey protein concentrate to the 
subject identified as being at risk for TBI pre - injury , 
thereby increasing resilience of the subject to TBI . 

[ 0063 ] In certain embodiments , the one or more risk 
factors may comprise occupational risk , risk associated with 
planned activities , or a predisposition or susceptibility of the 
subject to head injury or brain damage . 
[ 0064 ] In certain embodiments , where the subject is iden 
tified as being at risk for receiving a TBI due to a risk factor 
having a known date ( such as participation in a planned high 
risk sport , for example ) , a preventative treatment start date 
may be determined which is prior to the known date , thereby 
increasing resilient of the subject to TBI by the known date 
as compared to no treatment . 
[ 0065 ] In certain embodiments , the preventative treatment 
start date may be at least 2 weeks , at least 3 weeks , or at least 
4 weeks prior to the known date . It may be desirable in 

certain embodiments that the preventative treatment start 
date be at least about 4 weeks prior to the known date . In still 
further embodiments , the preventative treatment start date 
may be at least about 4 weeks prior to the known date , and 
the composition may be administered at about 20 grams or 
more per day beginning on the preventative treatment start 
date , for example . The person of skill in the art having regard 
to the teachings herein will be aware of suitable dosages and 
dosage frequencies suitable for a particular individual and / or 
application . As will be understood , in some cases , the 
occurrence of a TBI may be difficult to predict and / or to 
prepare for several weeks in advance ; in such circumstances , 
any increase in resilience to TBI may be preferable to no 
increase . 
[ 0066 ] In certain embodiments , the composition may be 
for administration at about 10 grams to about 20 grams per 
day for healthy young ( < 45 years old ) individuals ; at about 
30 grams to about 40 grams per day for older or very athletic 
individuals ; or at about 30 grams to about 40 grams per day 
or more for individuals with health challenges . 
[ 0067 ] In still further embodiments , the composition may 
be mixed with water , juice , or milk . In certain embodiments , 
mixing with hot beverages may be avoided . In certain 
embodiments , the composition may be for administration on 
an empty stomach or with a light meal . 
[ 0068 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially prevent reduction in brain 
GSH / GSSG ratio following injury as compared to an 
untreated control . 
[ 0069 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially prevent motor function 
and / or cognitive function deficit following injury as com 
pared to an untreated control . 
[ 0070 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially preserve corpus callosum 
width and / or axonal myelination following injury as com 
pared to an untreated control . 
[ 0071 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially prevent neuron degenera 
tion following injury as compared to an untreated control . 
[ 0072 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially reduce Ibal microglial 
marker immunoreactivity in the brain following injury as 
compared to an untreated control . 
[ 0073 ] In still another embodiment of any of the above 
methods , uses , or compositions for use , administration of the 
composition may at least partially reduce demyelination of 
the corpus callosum following injury as compared to an 
untreated control . 
[ 0074 ] In another embodiment of any of the above meth 
ods , uses , or compositions for use , administration of the 
composition may at least partially reduce number of foci of 
degenerating neurons following injury as compared to an 
untreated control . 
[ 0075 ] In yet another embodiment , the whey protein iso 
late and / or whey protein concentrate may be or comprise 
Immunocal® , or a functional equivalent thereof . In still 
another embodiment , the composition may further comprise 
a pharmaceutically acceptable excipient , carrier , or diluent . 
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[ 0076 ] In yet another embodiment , the whey protein iso 
late and / or whey protein concentrate may be substantially 
undenatured 
[ 0077 ] Compositions described herein may comprise 
whey protein isolate and / or whey protein concentrate , which 
is a source of the glutathione precursor cysteine . 
[ 0078 ] Compositions comprising whey protein isolate 
and / or whey protein concentrate may comprise any suitable 
composition comprising whey protein isolate and / or whey 
protein concentrate which may serve as a glutathione pre 
cursor by providing an enriched source of bioavailable 
cysteine after administration . As will be understood , whey 
proteins may generally be considered as a group a milk 
proteins which remain soluble in “ milk serum ” or whey after 
precipitation of caseins at pH 4.6 and 20 ° C. Major whey 
proteins in cow's milk , for example , may include beta 
lactoglobulin ( BL ) , alpha - lactalbumin ( AL ) , immunoglobu 
lin , and serum albumin ( SA ) . The product of industrial 
separation of this protein mixture from whey is typically 
referred to as whey protein isolate ( WPI ; also known as 
whey protein concentrate , WPC ) . 
[ 0079 ] Compositions may , optionally , additionally com 
prise one or more pharmaceutically acceptable excipients , 
diluents , and / or carriers , one or more vitamins , essential 
amino acids , or minerals , one or more antioxidants , one or 
more additional glutathione precursors , and / or one or more 
nutritional diet supplement components , for example . 
[ 0080 ] In certain embodiments , compositions comprising 
whey protein isolate and / or whey protein concentrate may 
additionally comprise one or more pharmaceutically accept 
able carriers , diluents , or excipients which may include any 
suitable carrier , diluent , or excipient known to the person of 
skill in the art . Examples of pharmaceutically acceptable 
excipients may include , but are not limited to , cellulose 
derivatives , sucrose , and starch . The person of skill in the art 
will recognize that pharmaceutically acceptable excipients 
may include suitable fillers , binders , lubricants , buffers , 
glidants , and disentegrants known in the art ( see , for 
example , Remington : The Science and Practice of Pharmacy 
( 2012 ) ; herein incorporated by reference in its entirety ) . 
Examples of pharmaceutically acceptable carriers , diluents , 
and excipients may be found in , for example , Remington's 
Pharmaceutical Sciences ( 2000-20th edition ) and in the 
United States Pharmacopeia : The National Formulary ( USP 
40 NF35 ) published in 2017 . 
[ 0081 ] In certain embodiments , a whey protein isolate or 
a whey protein concentrate as described herein may include 
any suitable extract , isolate , concentrate , or other product 
which is obtainable from whey protein . As will be under 
stood , whey protein comprises a mixture of milk proteins 
that remain soluble in milk serum or whey after precipitation 
of caseins , for example . Whey is often encountered as a 
by - product of cheese or casein manufacture . Major whey 
protein components may include , for example but without 
wishing to be limiting , beta - lactoglobulin , alpha - lactalbu 
min , immunoglobulin , and / or serum albumin . Although 
bovine milk is commonly used for obtaining whey protein , 
it will be understood that other sources of milk are also 
contemplated . Whey protein isolate ( WPI ) is generally con 
sidered in the field as having 90 % protein , while whey 
protein concentrate ( WPC ) may have protein concentrations 
below 90 % ; however , for the present purposes , WPI and 
WPC may be considered as generally interchangeable unless 
otherwise explicitly specified . 

[ 0082 ] In particular embodiments , a whey protein isolate 
or whey protein concentrate as described herein is preferably 
a substantially undenatured whey protein isolate or whey 
protein concentrate . Undenatured isolates and concentrates 
are those in which one or more of the protein component ( s ) 
obtainable from whey protein remain substantially undena 
tured ( i.e. tertiary protein structure is substantially main 
tained and / or disulfide bonds between cysteine residues 
remain substantially intact ) in the whey protein isolate or 
whey protein concentrate . 
[ 0083 ] Whey proteins contain sulfur - containing amino 
acids such as cysteine ( Cys ) . These Cys amino acid residues 
may occur as free residues ( i.e. —SH ; reduced ) , or two Cys 
residues may form intramolecular disulfide bonds ( SS ; 
oxidized ) so as to produce cystine dimers . Such disulfide 
bonds play a role in protein folding . In certain embodiments , 
undenatured whey protein isolates or whey protein concen 
trates as described herein may include those having at least 
about 2 wt % cystine dimer . Examples of undenatured whey 
protein isolates and whey protein concentrates may include 
those having about 2 wt % cystine dimer , or more than about 
2 wt % cystine dimer . For example , the wt % of cystine 
dimer may be about 2.1 , 2.2 , 2.3 , 2.4 , 2.5 , 2.6 , 2.7 , 2.8 , 2.9 , 
3.0 , 3.1 , 3.2 , 3.3 , 3.4 , 3.5 , 3.6 , 3.7 , 3.8 , 3.9 , or 4.0 wt % , or 
the wt % cystine dimer may fall within a range spanning 
between any two such values , or a range bounded at the 
lower end by any such value . 
[ 0084 ] Whey protein isolates and whey protein concen 
trates may be obtained using any suitable technique ( s ) as 
will be known to the person of skill in the art having regard 
to the teachings herein . Such techniques may include ultra 
filtration using membranes , ion exchange methods , and 
membrane methods , for example . Discussions of suitable 
techniques may be found in , for example , Advanced Dairy 
Chemistry , McSweeney and Mahony ( Ed . ) , Volume 1B : 
Proteins : Applied Aspects , 4th Edition , Springer , ISBN : 
978-1-4939-2799-9 ( herein incorporated by reference in its 
entirety ) . 
[ 0085 ] Examples of suitable compositions comprising 
whey protein isolate and / or whey protein concentrate are 
described in Canadian patent nos . 1,333,471 , 1,338,682 , 
2,142,277 , and 2,090,186 , each of which is herein incorpo 
rated by reference in its entirety . CA 2,142,277 , for example , 
provides detailed preparation processes and analytical char 
acterization of particularly preferred compositions compris 
ing whey protein isolate , including the composition known 
as Immunocal® . This exemplary whey protein isolate com 
position as described in CA 2,142,277 may be characterized 
by having a solubility index of about 99.5 % at pH 4.6 ; about 
58 % BL ( beta - lactoglobulin ) protein composition , about 
11 % al ( alpha - lactalbumin ) protein composition , about 
10 % serum albumin ( i.e. BSA ) protein composition , and 
about 22 % immunoglobulin ( i.e. Ig ) protein composition . A 
process for preparing such a composition is also described in 
detail in CA 2,142,277 . Immunocal® ( Natural Product 
Number ( NPN ) 80004370 issued with Health Canada ) is 
now a commercially available whey protein isolate compo 
sition available from Immunotec® . 
[ 0086 ] Further description of whey protein isolates and 
concentrates may be found in Example 2 below . 
[ 0087 ] In an embodiment , compositions as described 
herein may be administered orally . For example , composi 
tions as described herein may be reconstituted in , or may 
comprise , a liquid carrier ( for example , water or juice ) , or a 
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erate closed head injury in mice . Based on these results , 
Immunocal® may be used a preventative agent for TBI , 
particularly in certain high risk populations such as athletes 
and military personnel . 

Materials and Methods 

Animal Care and Treatment 

semi - liquid carrier ( for example , yoghury or apple sauce ) , 
allowing for straightforward oral administration . The person 
of skill in the art having regard to the teachings herein will 
be able to select a suitable administration to suit a particular 
subject and / or particular therapeutic application . 
[ 0088 ] In certain non - limiting embodiments , it is contem 
plated that compositions as described herein may be admin 
istered orally in an amount suitable for achieving a desired 
effect . In certain non - limiting embodiments , compositions 
as described herein may be administered orally in a dosage 
of about 20-40 grams per day , for example , and may be 
administered once or more than once daily , for example . 
[ 0089 ] It will be understood that compositions as 
described herein may be administered as part of a treatment 
regimen including other drugs , pharmaceutical composi 
tions , or therapies used in the treatment of TBI . Composi 
tions as described herein may be for administration simul 
taneously , sequentially , in combination with , or separately 
from such other drugs , pharmaceutical compositions , or 
therapies . In certain embodiments , whey protein isolate / 
concentrate such as Immunocal® may be administered 
through a nasogastric feeding tube . 
[ 0090 ] As will be understood , compositions comprising 
whey protein isolate and / or whey protein concentrate as 
described herein may serve as a glutathione precursor by 
providing an enriched source of bioavailable cysteine fol 
lowing administration . 

[ 0093 ] All animal work was conducted under a protocol 
approved by the University of Denver Institutional Animal 
Care and Use Committee . Male CD1 Elite mice ( 35 days 
old ) were purchased from Charles River Laboratories ( Hol 
lister , Calif . ) . Mice received a numbered ear tag upon arrival 
for identification purposes , and then were allowed one week 
to acclimate to the animal facility at the University of 
Denver before beginning the study . Mice were then ran 
domly assigned and evenly distributed among one of three 
treatment groups : Sham , TBI , or TBI + Immunocal® . Mice in 
the TBI + Immunocal® group were dosed twice daily by oral 
gavage with 0.25 mL of a 3.3 % solution of Immunocal® in 
sterile drinking water . Dosing was performed 5 days a week 
over a period of 28 days prior to TBI . This dosing regimen 
has previously been shown to yield positive therapeutic 
effects in a mouse model of amyotrophic lateral sclerosis . 40 
The day on which TBI was induced was considered “ day 0 ” . 
Following TBI , mice were monitored closely each day for 
signs of infection , bleeding , and general distress until the 
main study concluded on day 18. The magnetic resonance 
imaging session ( described below ) concluded on day 3 . 

Traumatic Brain Injury 

Example 1 Traumatic Brain Injury ( TBI ) 
Prevention Studies Using Immunocal® 

[ 0091 ] It was hypothesized that a strategy aimed at sus 
taining or enhancing brain GSH levels may be a viable 
approach to mitigate secondary injury and the subsequent 
long term cognitive , physical , and emotional deficiencies 
induced by TBI . It was further hypothesized that supple 
mentation with whey protein isolate / concentrate such as 
Immunocal® prior to TBI in mice may provide enhanced 
resilience against oxidative damage , neuronal cell death , 
and / or cognitive and / or motor impairments induced by a 
closed head impact injury . 
[ 0092 ] Accordingly , here , a whey protein supplement , 
Immunocal® , was tested for its potential to enhance resil 
ience to TBI . Immunocal® is a non - denatured whey protein 
preparation which has been shown to act as a cysteine 
delivery system to increase levels of the essential antioxi 
dant glutathione ( GSH ) . Twice daily oral supplementation of 
CD1 mice with Immunocal® for 28 days prior to receiving 
a moderate TBI prevented an ~ 25 % reduction in brain 
GSH / GSSG observed in untreated TBI mice . Immunocal® 
had no significant effect on the primary mechanical injury 
induced by TBI , as assessed by MRI , changes in Tau 
phosphorylation , and righting reflex time or apnea . How 
ever , pre - injury supplementation with Immunocal® resulted 
in statistically significant improvements in motor function 
( beam walk and rotarod ) and cognitive function ( Barnes 
maze ) . A significant preservation of corpus callosum width 
( axonal myelination ) , a significant decrease in degenerating 
neurons , a reduction in Ibal ( microglial marker ) immuno 
reactivity , decreased lipid peroxidation , and preservation of 
brain - derived neurotrophic factor ( BDNF ) in the brains of 
Immunocal® - pretreated mice compared to untreated TBI 
mice was also observed . Taken together , these data indicate 
that pre - injury supplementation with Immunocal® may sig 
nificantly enhance the resilience to TBI induced by a mod 

[ 0094 ] Following the 28 - day Immunocal® dosing regi 
men , TBI was induced by controlled cortical impact using 
the Leica Impact One system ( Leica Biosystems , Buffalo 
Grove , 111. ) . Briefly , mice were anesthetized using an iso 
flurane vaporizer ( VetEquip , Inc. , Livermore , Calif . ) and 
monitored throughout the procedure for the depth of anes 
thesia by toe pinch reflex . While anesthetized , temperature 
was maintained at approximately 37 + 1 ° C. by placement on 
a thermal pad . A midline incision approximately 1 cm in 
length was made along the head and the skin was pulled 
aside using small bulldog clamps . Bupivacaine ( 0.25 % 
solution in sterile water ) was applied generously to the open 
incision . With the skull exposed , a dental scraper was used 
to partially remove the fascia in order to better visualize 
anatomical markers . Bregma was located , and a concave 
22 - gauge stainless steel disk , 5 mm in diameter , was affixed 
to the skull using tissue adhesive just caudal to this point . 
Animals were then placed into a stereotaxic frame ( Braintree 
Scientific Inc. , Braintree , Mass . ) and the head was secured 
to prevent movement during impact . The arm of the impac 
tor was then positioned such that the impactor probe ( 5 mm 
diameter ) was directly centered over the metal disk . The 
probe was then set to the desired impact depth of 2.75 mm 
and a velocity of 5.875 ( +0.125 ) m / s ( dwell time 100 msec ) 
to induce a moderate injury as described by Lloyd et al . 
( 2008 ) .43 Mice in the TBI and TBI + Immunocal® groups 
were subjected to injury at this time , after which animals 
were monitored for signs of TBI - induced apnea . Once apnea 
was overcome , animals were removed from the stereotaxic 
frame . Sham animals were not subjected to impact and were 
simply removed from the stereotaxic frame following iden 
tification . Mice were returned to the thermal pad , the metal 



US 2020/0206307 A1 Jul . 2 , 2020 
9 

Modified Y Maze disk was removed from the skull , and the incision was then 
closed using tissue adhesive . The mice were allowed to 
recover on the thermal pad during which time their righting 
reflex times were measured . Righting reflex was defined as 
the point at which the animal was able to return to and 
maintain a sternal position after being placed on its side 
during recovery from anesthesia . Mice were returned to their 
home cage once they became fully ambulatory . 

Behavioral Assays of Cognitive and Motor Function 

[ 0097 ] Following the challenging beam walk , mice were 
tested on Day 1 in a modified version of the Y - maze 
( Stoelting , Wood Dale , Ill . ) designed to test spatial recog 
nition and working memory as described by Adamczyk et al . 
( 2014 ) . In the first phase of testing , one arm of the maze was 
blocked . The mouse was placed into the entry arm , and 
allowed to explore the open areas of the maze for a period 
of 5 minutes without interference . After this period , the 
mouse was removed from the maze and returned to its home 
cage for a period of 10-15 minutes . The blocked arm of the 
maze was then opened . The mouse was again placed into the 
entry arm and allowed an additional 5 minutes to explore the 
entirety of the maze . The time it took the animal to enter the 
newly opened arm was recorded as lag time , and the time 
spent in the unblocked arm versus the two previously 
opened arms was determined . Additionally , the number of 
entries into each arm were quantified to ensure that all mice 
were equally active throughout the testing period . 

Challenging Beam Walk Task 

44 

Accelerating Rotarod 
[ 0098 ] Rotarod testing for motor coordination and func 
tion was performed on days 9 and 16 following TBI ( or 
Sham surgery ) . Mice were placed on a rod , 30 mm in 
diameter , rotating at 4 rpm . Animals were placed in indi 
vidual lanes to prevent interference between mice while the 
test was being conducted . When the mice had acclimated to 
the slow speed , the rod was accelerated from 4 rpm to 40 
rpm over the course of 5 minutes . Mice were given three 
attempts on the apparatus before testing ended . The duration 
of time that the mouse spent on the rod was recorded by 
depression of a lever triggered upon the mouse falling and 
the recorded values were averaged across the three attempts . 

Barnes Maze 

[ 0095 ] The challenging beam walk task for motor function 
and coordination was performed as previously described by 
Fleming et al . ( 2013 ) . The apparatus for the challenging 
beam walk was composed of four segments supplied by 
Starks Plastics ( Forest Park , Ohio ) , each of which was 25 cm 
in length . The first segment had a width of 3.5 cm , with each 
subsequent section decreasing by one centimeter in width to 
a final measurement of 0.5 cm . These segments were secured 
together and suspended at a height of approximately 14.5 cm 
above a level surface . Mice were allowed a two - day training 
period prior to TBI on days –2 and -1 . On the first training 
day , mice were placed at the wide end of the beam . The 
investigator then held an empty cage containing clean bed 
ding on its side a few centimeters in front of the mouse as 
incentive for the animal to navigate the beam . As the mouse 
moved toward the cage , the investigator pulled the cage 
away from the mouse such that the animal was forced to 
traverse the beam and the mouse was only allowed to enter 
the cage once it had successfully reached the end of the 
beam . This procedure was repeated until the mouse could 
traverse the beam without the need for prompting or cor 
rection from the investigator . On the following day , a cage 
with clean bedding was placed on its side at the narrow end 
of the beam in a fixed position . Mice were then placed on the 
wide end of the beam and allowed to traverse the full length 
of the beam to reach the empty cage . This phase of training 
was repeated until the mouse could consistently traverse the 
entire beam without prompting or correction from the inves 
tigator . 
[ 0096 ] Following TBI induction ( or Sham surgery ) on day 
0 , mice entered the testing phase of the challenging beam 
walk task on day 1. For this phase , wire grids with openings 
measuring 1 cm² were placed securely over each beam 
segment creating a space between the top of the grid and the 
surface of the beam . This was done to increase the difficulty 
of the task and to enhance visual scoring of foot faults . As 
before , an empty cage was placed at the narrow end of the 
beam and served as the goal for successful completion of the 
beam walk . Mice were placed at the wide end of the beam 
on top of the grid and allowed to traverse the entire length 
of the beam a total of three times , with each traversal of the 
beam recorded using a video camera . The number of foot 
faults for the right hind foot was quantified for each animal 
on each segment of the beam and averaged across the three 
attempts . Foot faults were defined as any point at which the 
mouse stepped through the metal grid or gripped the plastic 
beam instead of the wire grid . The time it took the mouse to 
traverse the full length of the beam was also recorded for 
each of the three attempts on the beam , and the percentage 
change in time taken to traverse the beam between trial 1 and 
trial 3 for each mouse was calculated . 

[ 0099 ] Barnes maze ( ANY - maze , Wood Dale , 111. ) testing 
was performed on days 10-16 post - TBI , as described by 
Mouzon et al . ( 2012 ) . 45 The first 6 days of testing comprised 
the acquisition phase , followed by a single probe / test day . 
The circular maze was divided into quadrants with an arrow 
on the wall used as a visual cue to identify the location of the 
escape pod . During the acquisition phase , mice were placed 
in each quadrant and allowed 90 sec to find the escape pod . 
If the mice were unable to find the pod after the allotted time , 
they were directed to it and remained in the pod for 30 sec . 
If they found the pod and entered on their own , the pod was 
then covered and they remained there for 30 sec . Videos 
were reviewed and latency times to find the escape pod were 
recorded . On the probe day , the pod was blocked so that 
mice could not enter . Mice were placed in the middle of the 
maze and allowed to search the maze for 60 sec . Videos were 
reviewed and latency times to the escape pod zone ( encom 
passing the escape pod and either pod directly adjacent to it ) 
were recorded . 

Reagents 

[ 0100 ] Primary antibodies to beta actin , S100beta and 
Iba - 1 were purchased from Abcam ( Cambridge , Mass . ) . The 
primary antibodies to Tau phosphorylated on Ser396 , 
Thr231 , and Ser404 , as well as total Tau , were purchased 
from Invitrogen ( Carlsbad , Calif . ) . Primary antibody to 
BDNF was from Alomone Labs ( Jerusalem , Israel ) . Primary 
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Magnetic Resonance Imaging ( MRI ) antibody to PHF - Tau was from Thermo Scientific ( Waltham , 
Mass . ) . Primary antibody to GFAP was purchased from 
Abcam ( Cambridge , Mass . ) . Purified oxidized ( GSSG ) and 
reduced ( GSH ) glutathione was purchased from Sigma 
Aldrich Co. LLC ( St. Louis , Mo. ) . Cy3 - conjugated second 
ary antibody was purchased from Jackson Immunoresearch 
( Westgrove , Pa . ) . Fluoro - Jade C staining kit was purchased 
from Biosensis ( Temecula , Calif . ) . Luxol fast blue staining 
kit was purchased from American Mastertech ( Lodi , Calif . ) . 
Malondialdehyde ( MDA ) lipid peroxidation assay kit was 
obtained from Abcam ( Cambridge , Mass . ) and the assay was 
conducted essentially as described by the manufacturer . 

Fluoro - Jade C Staining for Degenerating Neurons 

Tissue Processing 

[ 0104 ] All MRI studies were performed in the Colorado 
Animal Imaging Shared Resources ( University of Colorado 
Anschutz Medical Campus , Aurora , Colo . ) . All animals 
underwent an MRI session 72 hours after TBI ( or Sham 
surgery ) , using pre- and post - gadolinium - enhanced ( 0.2 
mmol / kg Omniscan® IV ) T1 - weighted and T2 - weighted 
sequences . * “ The mice were anesthetized with 2.5 % isoflu 
rane , placed into an animal holder and inserted into a 4.7 
Tesla Bruker PharmaScan . A quadrature birdcage coil ( inner 
diameter 38 mm ) tuned to the 1H frequency of 200.27 MHz , 
was used for RF transmission and reception . T2 - weighted 
MRI ( to confirm and quantify injury ) was acquired using a 
rapid acquisition with relaxation enhancement ( RARE , 
Bruker manufacturer label for a fast spin echo sequence ) 
protocol with the following parameters : Field of view ( FOV ) 
= 36 mm ; repetition time / echo time ( TR / TE ) = 4,000 / 100 
msec ; slice thickness = 1 mm ; no interslice gaps ; number of 
slices = 16 ; number of averages = 8 ; matrix size = 128x256 ; 
total acquisition time = 8 min 31 sec . T1 - weighted MR 
images ( for BBBD assessment ) were acquired using a 
multi - slice multi - echo ( MSME , Bruker manufacturer label 
for a spin echo sequence , in this case with one echo ) 
sequence , before and 5 minutes after administration of 0.2 
mmol / kg Omniscan® via tail vein . The following acquisi 
tion parameters were used : FOV = 36 mm ; TR / TE = 900 / 11 
msec ; slice thickness = 1 mm with no gaps applied ; number 
of slices = 16 ; number of averages = 2 ; matrix size = 128x256 ; 
total acquisition time = 3 min 50 sec . All images were 
acquired in the axial plane . All images analysis was per 
formed using Bruker ParaVision v4.1 software . 

[ 0101 ] Frozen whole brains , excluding cerebellum , were 
cryosectioned either by the Histology Core at the University 
of Colorado Anschutz medical campus or AML Laboratories 
Inc. ( St. Augustine , Fla . ) . Briefly , 12 um coronal sections 
were created starting at bregma and proceeding towards the 
posterior of the brain . Tissue sections were mounted on 
adhesive microscope slides discarding three to four tissue 
sections between each mounting . Following mounting , tis 
sue was fixed in 4 % paraformaldehyde for one hour . 

Slide Staining 

Western Blotting 

[ 0102 ] Fluoro - Jade C staining was performed as specified 
by the manufacturer . Briefly , coronal brain sections were 
immersed in a 1 : 9 ( v / v ) solution of 1 % sodium hydroxide 
and 70 % ethanol for five minutes , followed by a two - minute 
wash in 70 % ethanol . Next , tissue sections were immersed 
in a 1 : 9 ( v / v ) solution of 0.06 % potassium permanganate and 
distilled water for ten minutes and then washed with distilled 
water for two minutes . Tissue was then incubated in a 1 : 2 : 8 
( v / v / v ) solution of DAPI , 0.0004 % Fluoro - Jade C and 
distilled water for ten minutes , taking precaution to protect 
the solution from light . Sections were then washed three 
times in distilled water and dried at 50-60 ° C. for ten 
minutes . Sections were imaged under 40x magnification on 
a Zeiss Axiovert - 200M fluorescence microscope using a 
FITC filter and in a blinded fashion , to identify fluorescent 
foci of degenerating neurons . The total number of Fluoro 
Jade C - positive foci were then quantified for at least two 
tissue sections per mouse . 

Luxol Fast Blue Staining 

[ 0105 ] Whole half brains , excluding cerebellum , were 
thawed from liquid nitrogen . A 1 mL aliquot of lysis buffer 
was added , with 1 uL of leupeptin ( 5 mg / mL ) and 1 uL of 
aprotinin ( 5 mg / mL ) , per half brain . The brains were then 
homogenized using a Dounce glass / glass homogenizer by 20 
strokes with the loose pestle followed by 20 strokes with the 
tight pestle . Samples were centrifuged for 5 min at 10,000 
rpm , and the supernatant was isolated . The samples were 
diluted 1 : 100 for a BCA protein assay . Western immunob 
lotting was done to immunochemically detect proteins 
immobilized on polyvinylidene difluoride ( PVDF ) mem 
branes . Protein samples ( 80 ug / lane ) were resolved by 
SDS - PAGE and proteins were then transferred to PVDF 
membranes . Non - specific binding sites were blocked using 
1 % BSA in phosphate - buffered saline ( pH 7.4 ) containing 
0.1 % Tween - 20 ( PBS - T ) for 1 h at 25 ° C. The blocking 
buffer was drained and the membrane was allowed to 
incubate in primary antibody diluted in blocking buffer 
overnight at 4 ° C. The membrane was washed 3x for 15 min 
in PBS - T and was then incubated with the secondary anti 
body for 1.5 h at 25 ° C. The secondary was then removed 
and the membrane was washed again in PBS - T , 3x for 15 
min . Immunoreactive proteins were detected using enhanced 
chemiluminescence ( GE Healthcare ; Pittsburgh , Pa . ) and 
films were developed using a CP 1000 developer ( AGFA ; 
Mortsel , Belgium ) . 
Immunofluorescence Microscopy Sections of cortex were 
stained for the astrocyte marker , glial fibrillary acidic protein 
( GFAP ) , and nuclei were stained with DAPI , using a stan 

[ 0103 ] Tissue processing was done as described above for 
Fluoro - Jade C staining . Brain sections were incubated in 
Luxol fast blue stain solution at 60 ° C. overnight , followed 
by washing with distilled water . Sections of gray and white 
matter were differentiated by dipping brain tissue into 0.05 % 
lithium carbonate and 70 % ethanol . Slides were then 
immersed in cresyl violet stain for ten minutes followed by 
further differentiation in 70 % ethanol . Following the stain 
ing process , tissue sections were imaged at 20x magnifica 
tion to visualize the corpus callosum . Images of the mid 
body of the corpus callosum were captured for at least two 
tissue sections per animal . The health of the corpus callosum 
was assessed by measuring the maximum width of the 
mid - body . 
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dard immunohistochemistry protocol . GFAP - positive astro 
cytes were detected using a Cy3 - conjugated secondary anti 
body . 
High Performance Liquid Chromatography with Electro 
chemical Detection ( HPLC - ECD ) 
Tissue Processing 
[ 0106 ] Full half brains , excluding cerebellum , were 
obtained from mice 72 h post - TBI ( or Sham surgery ) and 
were immediately frozen in liquid nitrogen . For HPLC - ECD 
analysis , a previously published procedure was utilized 
( Ross et al . , 2014 ) . Briefly , 2.5M perchloric acid was added 
to each half brain and the brains were roughly chopped using 
pointed surgical scissors . Samples were then sonicated 3 
times for 15 s intervals . Samples were then centrifuged for 
5 min at 13,000 rpm and the supernatant was removed . A 20 
uL , aliquot of the supernatant was used for a BCA protein 
assay . The remainder of each solution was neutralized with 
500 ?L , of 4M KOH and vortexed thoroughly . Samples were 
then centrifuged for 15 min at 13,000 rpm , and stored at 
-80 ° C. until separation and analysis by HPLC - ECD . 
HPLC - ECD 

[ 0107 ] GSH and GSSG in samples and known standards 
were separated by reversed - phase HPLC on a C18 bonded 
silica column at 35 ° C. ( 5 um , 4.6x250 mm ) from Dionex , 
Inc. ( Sunnyvale , Calif . ) . Analytes were detected using a 
CoulArray® detector ( model 5600 , ESA ) on three coulo 
metric array cells in series ; electrochemical detectors were 
set between 0 and 900 mV at increments of 75 mV . Con 
centrations were determined with a standard curve of each 
identified analyte . Mobile phase consisted of 50 mM lithium 
acetate and 1 % acetonitrile in water , pH 3.8 . The flow rate 
was set to 0.4 mL / min for all samples . CoulArray® software 
was used for baseline correction and peak analysis . 

of damaged brain tissue in mice subjected to TBI ( FIG . 1A , 
image panels ; see asterisk in the TBI image which marks an 
area of injury ) . The same region of brain which demon 
strated damage in the T2 weighted image also showed a 
hyper - intense area which indicates BBB disruption in the 
corresponding Tl weighted image taken with gadolinium 
contrast ( FIG . 1B , image panels ; see asterisk in the TBI 
image which marks an area of BBB disruption ) . In general , 
areas of brain injury and BBB disruption were exclusively 
observed in mice subjected to TBI but not Sham controls . In 
addition , areas of injury appeared primarily in the outer 
layers of the cortex and were most often seen in the region 
caudal to bregma ( i.e. , the region of impact ) . However , brain 
injury was not confined solely to the midline of the brain , but 
also extended to either side of the midline . This latter 
observation is characteristic of this TBI model where the 
impactor probe hits a metallic disk affixed to the closed 
skull , causing a diffusion of the injury throughout the cortex . 
Quantification of the volume of injury observed in the T2 
weighted images and the volume of BBB disruption indi 
cated by the T1 weighted , gadolinium - enhanced images 
revealed no significant differences between the untreated 
TBI group and the Immunocal® - pretreated TBI group 
( FIGS . 1A and 1B , bar graphs ) . In a scatter plot of these data , 
it is evident that 3 out of 5 untreated TBI mice and 4 out of 
5 Immunocal® - pretreated TBI mice displayed measurable 
BBB disruption ( FIG . 1C ) . These data indicate that the 
overall magnitude of brain injury induced by the TBI 
procedure was comparable for each group of mice and 
moreover , pre - injury supplementation with Immunocal® 
had no discernible protective effect against the primary 
mechanical injury induced by a moderate TBI . 
[ 0111 ] Following MRI analysis , mice were euthanized and 
brains removed at 72 h post - TBI . One - half of each brain was 
flash frozen in liquid nitrogen for subsequent HPLC analysis 
of GSH ( discussed below ) . The other half of the brain was 
dounce homogenized in lysis buffer and protein samples 
were resolved by SDS - PAGE and western blotted to assess 
the phosphorylation status and expression level of the micro 
tubule bundling protein Tau . Several TBI - induced changes 
in Tau phosphorylation were observed by western blot 
including an enhanced electrophoretic mobility ( downward 
shift ) of Tau phosphorylated on Ser396 , Thr231 , and Ser404 
( FIG . 2 ) . In contrast , TBI induced a decrease in the electro 
phoretic mobility of Tau recognized by a PHF - Tau antibody . 
As well , TBI caused a marked reduction in the amount of 
total Tau observed in brain lysates , while no difference in 
actin was apparent in the same samples . Finally , quantifi 
cation of Tau phosphorylated at specific residues and nor 
malized to total Tau revealed no statistically significant 
increases in Tau phosphorylation at 72 h post - TBI ; however , 
there was a trend towards increased Tau phosphorylation on 
Ser396 in untreated TBI mice compared to Sham and this 
trend persisted for TBI mice which had been pretreated with 
Immunocal® ( FIG . 2B ) . All of these TBI - induced changes 
in the electrophoretic mobility of various phospho - Tau 
forms and the expression of total Tau were observed regard 
less of whether the samples were obtained from untreated 
TBI mice or mice pretreated with Immunocal® ( FIG . 2 ) . In 
the case of the phospho - Tau bands , only the Ser404 blot 
shows a clear decrease in the amount of Tau phosphorylated 
at this site , along with an apparent increase in the electro 
phoretic mobility of this Tau species . It is unclear precisely 
what the changes in electrophoretic mobility represent for 

Statistical Analysis 
[ 0108 ] Data presented are shown as the mean : SEM for 
the number ( n ) of independent experiments performed . An 
independent set of mice consisted of a single mouse from 
each group ( Sham , TBI , TBI + Immunocal® ) . Statistical dif 
ferences between groups were evaluated using either one 
way ANOVA with a post - hoc Tukey's test or paired / un 
paired Student's t - tests . Effect sizes and corresponding 95 % 
confidence intervals are also shown within the Figure Leg 
ends . Data analysis of behavioral tests was performed by 
observers blinded to the group assignments of the mice . 
Similarly , microscopic analysis of Fluorojade - C- and luxol 
fast blue - stained slides was performed by observers blinded 
to the group assignments of the mice . Finally , MRI analysis 
of BBB permeability was also performed and quantified by 
an observer blinded to the group assignments of the mice . 
Results 

[ 0109 ] Pre - Injury Supplementation with Immunocal® Did 
not Affect the Primary Mechanical Injury Induced by a 
Moderate TBI 
[ 0110 ] Throughout the study , mice were equally divided 
into the following three groups : Group 1 , Sham surgery 
controls ; Group 2 , untreated TBI mice ; and Group 3 , mice 
pretreated with Immunocal® for 28 days prior to TBI . The 
extent of brain injury was initially assessed at 72 h post - TBI 
by MRI analysis . T2 weighted imaging demonstrated areas 
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these various forms of phospho - Tau , but most likely they 
reflect changes in phosphorylation at other sites on the 
molecule . Nonetheless , there are detectable changes in Tau 
phosphorylation and expression induced in this TBI model 
and they are completely unaffected by pre - injury supple 
mentation with Immunocal® , suggesting that they may 
represent biochemical changes caused by or in response to 
the primary mechanical injury induced by TBI . 
[ 0112 ] Finally , in addition to the MRI and Tau analyses 
described above , several clinical indicators also demonstrate 
that pre - injury supplementation with Immunocal® did not 
significantly affect the magnitude of the primary mechanical 
injury induced by a moderate TBI in mice . Immunocal® 
pretreated mice had a significantly lower body weight 
( ~ 10 % decrease ) than either Sham control mice or untreated 
TBI mice when weight was assessed just prior to TBI ( FIG . 
3A ) . This decrease in body weight may reflect some mild 
stress due to the 28 - day chronic oral dosing procedure or it 
could represent the animals becoming leaner due to the 
whey protein administration . TBI induced a statistically 
significant , nearly three - fold increase in the righting reflex 
time in comparison to Sham control mice , and this effect was 
comparable in untreated TBI mice and those pretreated with 
Immunocal® ( FIG . 3B ) . In a similar manner , both untreated 
TBI mice and Immunocal® - pretreated TBI mice displayed 
substantial apnea times which were comparable to one 
another , while Sham control mice did not show any signs of 
apnea ( FIG . 3C ) . These clinical measures further support the 
conclusion that pre - injury supplementation with Immuno 
cal® had no significant effect on the magnitude of the 
primary brain injury that the mice experienced in response 
to a moderate TBI . 
Pre - Injury Supplementation with Immunocal® Significantly 
Improved Motor and Cognitive Deficits Induced by a Mod 
erate TBI 
[ 0113 ] Animals were tested for TBI - induced deficits in 
motor function using the challenging beam walk task and 
performance on an accelerating rotarod . In the challenging 
beam walk task , mice were trained prior to TBI to traverse 
a beam with progressively narrower width segments . On the 
day of testing ( 24 h post - TBI ) , a wire grid was placed over 
the beam to create a more challenging motor paradigm for 
the mice . In general , animals in all three groups performed 
very well on the beam walk with approximately 10 % or 
fewer right hind foot faults observed on the first three beam 
segments ( FIGS . 4A - C ) . However , on the narrowest width 
segment of the beam , both Sham control mice and untreated 
TBI mice had significant difficulty traversing the beam and 
each group displayed greater than 40 % right hind foot faults 
( FIG . 4D ) . No significant difference was observed between 
the Sham control and untreated TBI groups , demonstrating 
that this effect was not related to TBI but instead reflected 
the overt difficulty of the task . Notably , Immunocal® 
pretreated mice that were subjected to TBI performed con 
sistently better than either Sham control mice or untreated 
TBI mice on the narrowest width segment of the beam , 
though the difference observed was only statistically sig 
nificant when compared to untreated TBI mice ( FIG . 4D ) . 
[ 0114 ] In addition to assessing right hind foot faults on the 
beam walk , this motor function test was also utilized as a 
type of learning paradigm . Because the mice were trained on 
the beam without the wire grid , addition of this grid on the 
day of testing represented a new challenge for the mice ( i.e. , 
they had to learn to traverse the beam by walking on the wire 

grid ) . To assess their capacity to learn this new task , the 
amount of time taken to traverse the beam on the first of 
three trials was compared to that on the final of the three 
trials on the day of testing . Sham control mice clearly 
learned to traverse the wire grid as evidenced by a nearly 
70 % reduction in the time taken to traverse the beam 
between the first and last trial ( FIG . 4E ) . In contrast , 
untreated TBI mice only improved their time to traverse the 
beam on average by approximately 20 % from the first to the 
last trial , which was statistically significantly different than 
the Sham control group . Pre - injury supplementation with 
Immunocal® corrected this deficit after TBI and these mice 
displayed an improvement in time to traverse the beam 
which was indistinguishable from that of the Sham control 
group ( FIG . 4E ) . 
[ 0115 ] Next , motor performance on an accelerating 
rotarod at 9 days and 16 days post - TBI was evaluated . On 
day 9 post - TBI , Sham control mice spent an average of 
approximately 20 s on the accelerating rotarod before falling 
off of the apparatus . Untreated TBI mice only remained on 
the rotating rod for approximately half this time , a statisti 
cally significant decrease compared to the Sham control 
group ( FIG . 5A ) . However , mice pretreated with Immuno 
cal® prior to TBI showed a latency time to fall which was 
significantly greater than untreated TBI mice and not sta 
tistically different from the Sham control group ( FIG . 5A ) . 
By day 16 post - TBI , all three groups had increased their 
performance on the accelerating rotarod and displayed 
greater latency times to fall than they showed at 9 days 
post - TBI . In addition , the untreated TBI group appeared to 
recover their motor function on this task and no longer 
displayed a significant difference from the Sham control 
group ( FIG . 5B ) . 
[ 0116 ] The effects of TBI on cognitive function was also 
evaluated using the Barnes maze to assess spatial learning 
and memory on days 10-16 post - TBI . During the six - day 
acquisition phase of the Barnes maze test , Sham control 
mice progressively learned to find the escape pod as evi 
denced by a shortening of the average delay time from 
approximately 85 s on day 1 compared to less than 40 s on 
day 6 ( FIG . 6A ) . Over this same time frame , untreated TBI 
mice appeared to learn less quickly than Sham control mice 
to find the escape pod and demonstrated a plateau in average 
delay time of approximately 75 s . Immunocal® - pretreated 
mice displayed average delay times that were intermediate 
between the Sham control group and untreated TBI mice 
( FIG . 6A ) . Statistical analysis of the acquisition phase data 
revealed statistically significant differences between the 
delay times for the untreated TBI mice and the Sham control 
group at both day 5 and day 6 ( FIGS . 6B and 6C ) . Further 
more , on day 6 of the acquisition phase , Immunocal® 
pretreated mice that were subjected to TBI showed a statis 
tically significant improvement in delay time to find the 
escape pod in comparison to untreated TBI mice ( FIG . 6C ) . 
Finally , in the probe phase of the Barnes maze test , Sham 
control mice took on average approximately 6 s to find the 
escape pod zone . Untreated TBI mice took greater than 10 
son average to find the escape pod zone , an effect which was 
nearly statistically significantly different from the Sham 
control group ( p = 0.06 ) . However , mice which had received 
Immunocal® treatment prior to TBI displayed an average 
delay time of less than 5 s to find the escape pod zone , an 
effect which was statistically significantly different than 
untreated TBI mice ( FIG . 6D ) . 
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[ 0117 ] Modified Y - maze testing was also performed , 
which tests working memory . A clear difference in the lag 
time ( the time it took the animal to enter the previously 
blocked arm of the maze ) between sham and untreated TBI 
mice was observed ( FIG . 11 ) . In general , sham mice very 
quickly sought to explore the newly opened arm of the maze , 
whereas TBI animals showed a wide distribution of lag 
times with some animals taking more than 1 minute to 
explore the newly opened arm of the maze . Mice pre - treated 
with Immunocal® prior to TBI showed a profile of lag times 
that were somewhat intermediate ( indicating improvement , 
but still more closely mimicking the untreated TBI mice than 
sham controls ) . The percentage of animals that chose the 
previously blocked arm on the first attempt was determined . 
If each mouse showed no preference for choosing one arm 
of the maze over another , then this value should approach 
50 % or random chance . Sham mice showed a preference for 
choosing the previously blocked arm with 75 % of these 
animals choosing to enter this arm of the maze on the first 
attempt ( FIG . 11A ) . Untreated TBI mice chose the previ 
ously blocked arm of the maze at a rate equivalent to random 
chance . Immunocal® pre - treated mice subjected to TBI 
chose the previously blocked arm of the maze at an inter 
mediate rate relative to sham and untreated TBI mice . 
Pre - Injury Supplementation with Immunocal® Preserved 
Brain GSH / GSSG Ratio and Ameliorated Biochemical and 
Histopathological Indices of Oxidative Damage and Neu 
ronal Injury Induced by a Moderate TBI 
[ 0118 ] Several biochemical and histopathological indices 
of neuronal injury were evaluated in mice subjected to TBI . 
First , brain levels of GSH and the ratio of reduced GSH to 
oxidized GSSG at 72 h post - TBI was measured using HPLC 
with electrochemical detection . The concentrations of GSH 
and GSSG measured in mouse brain are shown in FIGS . 7A 
and 7B , respectively . No significant differences were 
observed between groups with respect to total GSH or 
GSSG , although there was a trend towards enhanced GSSG 
levels in the untreated TBI group ( FIG . 7B , p = 0.09 ) . The 
ratio of GSH to GSSG was on average , approximately 250 
to 1 in the brains of Sham control mice . Untreated TBI mice 
displayed an approximately 25 % reduction in the brain GSH 
to GSSG ratio in comparison to Sham control mice ( FIG . 
7C ) . Pre - injury supplementation with Immunocal® com 
pletely preserved the brain GSH to GSSG ratio measured at 
72 h post - TBI at a level significantly higher than that 
measured in untreated TBI mice and similar to that of the 
Sham control group ( FIG . 7C ) . Finally , we calculated the 
amount of GSSG as a percentage of total GSH equivalents 
( GSH + 2 GSSG ) . The % GSSG trended towards an increase 
in untreated TBI mice in comparison to Sham control mice , 
although this change did not reach statistical significance 
( FIG . 7D , p = 0.09 ) . Immunocal® - pretreated TBI mice dis 
played a % GSSG in brain which was statistically signifi 
cantly less than that observed in untreated TBI mice ( FIG . 
7D ) . 
[ 0119 ] Next , the effects of Immunocal® pretreatment on 
lipid peroxidation and expression of brain - derived neuro 
trophic factor ( BDNF ) measured at 72 h post - TBI was 
assessed . Untreated TBI mice displayed a statistically sig 
nificant , nearly two - fold increase in brain MDA content 
when compared to Sham control mice and this effect was 
essentially reversed by pretreatment with Immunocal® 
( FIG . 12A ) . Analysis of brain BDNF expression revealed an 
approximately 35 % decrease in untreated TBI mice com 

pared to Sham control mice at 72 h post - TBI . Pretreatment 
with Immunocal® significantly preserved brain BDNF 
expression at this time point ( FIGS . 12B and 12C ) . 
[ 0120 ] Next , neuroinflammation by western blotting 
whole brain lysates harvested at 72 h post - TBI for the 
microglial marker , Ibal , and the astrocyte marker , S100beta 
was evaluated . In paired sets of mice ( i.e. , mice which had 
been subjected to TBI or Sham surgery on the same day ) , 
Ibal immunoreactivity was increased in the brains of 
untreated TBI mice in comparison to both Sham control 
mice and Immunocal® - pretreated mice subjected to TBI 
( FIG . 8A ) . In contrast , no apparent change in immunoreac 
tivity for S100beta was observed in these brain lysates . To 
further assess reactive astrocytes , we stained for the astro 
cyte marker , GFAP , in brain sections taken from mice at 18 
days post - TBI . No significant differences in the number or 
morphology of GFAP - positive astrocytes were observed 
between any of the treatment groups ( FIG . 8B ) . 
[ 0121 ] Axonal myelination was assessed by staining brain 
tissue harvested at 18 days post - TBI with Luxol fast blue 
and measuring the maximal width of the mid - body of the 
corpus callosum . Sham control mice displayed intact corpus 
callosum mid - bodies with deep Luxol fast blue staining 
indicative of extensive axonal myelination ( FIG . 9A ) . 
Untreated TBI mice displayed either much narrower mid 
bodies or corpus callosum with large regions devoid of 
staining , while Immunocal® - pretreated mice subjected to 
TBI showed mostly intact mid - bodies with continuous stain 
ing ( FIG . 9A ) . Quantification of the maximum width of the 
mid - body of the corpus callosum , which stained positively 
with Luxol fast blue , demonstrated that untreated TBI mice 
had a statistically significant decrement of approximately 
50 % in myelinated axons compared to Sham control mice . 
Pre - injury supplementation with Immunocal® significantly 
but only partially , rescued axonal myelination of the corpus 
callosum following a moderate TBI ( FIG . 9B ) . 
[ 0122 ] Finally , brain tissue harvested at 18 days post - TBI 
was evaluated for areas of degenerating neurons using 
Fluoro - Jade C staining . Most Fluoro - Jade C - positive foci 
were observed in the outer layers of the cerebral cortex , 
although some isolated regions of staining were also 
observed in subcortical structures ( FIGS . 10A and 10B ) . 
Fluoro - Jade C - positive foci were scored across entire coro 
nal sections of brain and the number of 40x fields containing 
either single or multiple foci were quantified relative to the 
Sham control group . Untreated TBI mice displayed statis 
tically significant , approximately 4 - fold and 2.5 - fold 
increases in the number of fields with single and multiple 
Fluoro - Jade C - positive foci , respectively , in comparison to 
the Sham control group ( FIGS . 10C and 10D ) . Pre - injury 
supplementation with Immunocal® markedly attenuated 
neuronal degeneration induced by a moderate TBI , resulting 
in statistically significant decreases in the numbers of fields 
with single or multiple Fluoro - Jade C - positive foci in com 
parison to the untreated TBI group ( FIGS . 10C and 10D ) . 
[ 0123 ] The present studies evaluate the potential of a 
cysteine - rich , whey protein supplement , Immunocal® , to 
enhance resilience to a moderate TBI induced by controlled 
cortical impact in mice . Untreated CD1 mice subjected to 
TBI displayed ample evidence of a primary mechanical 
injury , including regions of brain injury and BBB disruption 
detected by MRI , alterations in Tau phosphorylation and 
expression , and substantial increases in righting reflex times 
and apnea , in comparison to Sham control mice . None of 
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data may 

25-27 In a similar 

these indices of primary injury were significantly altered by 
pre - injury supplementation with Immunocal® . On the other 
hand , Immunocal® - pretreated mice subjected to TBI per 
formed significantly better than untreated TBI mice on 
several aspects of the challenging beam walk task , rotarod 
performance , and the Barnes maze test , demonstrating 
marked improvements in these motor and cognitive tasks . 
Moreover , pre - injury supplementation with Immunocal® 
completely preserved the brain GSH to GSSG ratio in mice 
subjected to TBI , whereas untreated TBI mice showed a 
nearly 25 % reduction in this ratio which is indicative of 
oxidative damage . Notably , pre - injury supplementation with 
Immunocal also significantly attenuated lipid peroxidation 
and preserved BDNF expression in the brain following TBI . 
Finally , Immunocal® - pretreated mice subjected to TBI dis 
played significantly less demyelination of the corpus callo 
sum and reduced numbers of foci of degenerating neurons , 
when compared to untreated TBI mice . Taken collectively , 
these results demonstrate that pre - injury supplementation 
with Immunocal® significantly increased resilience to a 
moderate TBI induced by a closed head injury in mice . Thus , 
the present studies indicate that Immunocal® may have 
significant utility as a preventative agent for TBI , particu 
larly in populations at high risk of brain trauma . 
[ 0124 ] As mentioned previously , several studies have 
reported that brain GSH levels are reduced following TBI 
and genetic variations in GSH - dependent , peroxide / electro 
phile - detoxifying enzymes , such as glutathione - S - tran 
ferase - 4 and glutathione peroxidase - 1 , can sensitize mice 
and rats to brain injury induced by TBI . 
manner , genetic deletion of the excitatory amino acid carrier 
type 1 ( EAAC1 ) , a glutamate transporter which also par 
ticipates in the neuronal uptake of cysteine for GSH syn 
thesis , significantly sensitized mice to TBI induced by 
controlled cortical impact , resulting in enhanced neuronal 
death and increased microglial activation . 47 , 48 A strategy 
aimed at sustaining or enhancing brain GSH may be a viable 
approach to mitigate secondary injury processes induced by 
TBI . In this context , a prior study using a novel closed skull 
injury model in mice demonstrated that transcranial admin 
istration of GSH ameliorated brain injury and neuroinflam 
mation.4 Moreover , multiple studies have shown that 
administration of various GSH precursors , including N - ace 
tylcysteine and gamma - glutamylcysteine ethyl ester , as well 
as the GSH analog , S - nitrosoglutathione , provide antioxi 
dant and neuroprotective effects in mouse and rat models of 
TBI.28-33 , 50 Most of these previous studies are somewhat 
limited in scope in that they only evaluated neuronal degen 
eration and various indices of oxidative or nitrosative stress 
while neglecting to assess cognitive or motor deficits 
induced by TBI . As a result , it has been unclear what specific 
therapeutic benefit such strategy might realistically hold for 
patients suffering from TBI . 
[ 0125 ] In the present studies , the cysteine - rich , whey 
protein supplement , Immunocal® , was observed to not only 
preserve the brain GSH to GSSG ratio and ameliorate 
neuronal injury , but it also significantly improved motor and 
cognitive function in mice tested post - TBI . One previous 
study using N - acetylcysteine amide also showed a beneficial 
effect on cognitive function in rats treated post - TBI , as 
assessed by a modified Morris water maze test . However , 
motor function was not evaluated in this prior study . 
[ 0126 ] There are a large number of TBI cases which 
cannot be predicted and therefore , pre - injury administration 

of a protective therapy is difficult . However , for those 
individuals in occupations with a high risk of experiencing 
a TBI , such as military personnel and athletes in contact 
sports , the present be highly relevant . The identi 
fication of agents that significantly increase resilience to TBI 
are highly desirable in the field , since they may provide 
preventative options to limit the brain injury caused by this 
type of trauma . 
[ 0127 ] One aspect of the TBI model that was employed in 
these studies which was unexpected was the relative lack of 
a large neuroinflammatory response . In particular , we did 
not observe increases in the reactive astrocyte marker , 
S100beta , in whole brain lysates assessed by western blot 
ting at 72 h post - TBI . Nor did we observe any notable 
increases in GFAP immunoreactivity in brain tissue of 
untreated TBI mice when assayed at 18 days post - TBI . This 
apparent lack of a global reactive astrogliosis response was 
not anticipated based on prior studies using a controlled 
cortical impact paradigm to induce TBI . Although it is 
interesting to note that Lloyd et al ( 2008 ) only showed 
significant increases in brain S100beta immunoreactivity 
using this model of moderate TBI induced by controlled 
cortical impact at 28 days post - TBI . ** Therefore , it is pos 
sible that we simply missed the peak time point of reactive 
astrogliosis in our assessments at 72 h and 18 days post - TBI . 
Another possibility is that there were discrete regions of 
reactive astrogliosis throughout the brains of our untreated 
TBI mice that we did not identify . During the immunofluo 
rescence imaging of GFAP - stained brain sections , entire 
coronal sections were evaluated for reactive astrocytes . 
Although some untreated TBI mice clearly had fields with 
large numbers of astrocytes , this was also the case for Sham 
controls and Immunocal® - pretreated mice subjected to TBI . 
In fact , quantitative analysis did not reveal any significant 
differences between groups in the numbers of GFAP - posi 
tive cells per mouse brain section , even when different 
morphological variants were specifically counted ( e.g. , 
ramified versus amoeboid ; data not shown ) . In contrast to 
the lack of reactive astrocytes , we did observe an increase in 
Ibal immunoreactivity in whole brain lysates assessed by 
western blotting at 72 h post - TBI , an effect which was 
mitigated by Immunocal® pretreatment . Interestingly , the 
present studies found that Immunocal® suppresses lipopo 
lysaccharide - induced nitric oxide production in cultured 
BV2 mouse microglial cells , suggesting that this whey 
protein supplement may possess some anti - neuroinflamma 
tory properties ( Khatter and Linseman , unpublished data ) . 
Thus , there does seem to be a component of microgliosis in 
the TBI model that was employed , which was significantly 
influenced by pretreatment with Immunocal® . 
[ 0128 ] Without wishing to be bound by theory , ou 
hypothesis as to how might pre - injury administration of 
Immunocal® enhance resilience to TBI at the molecular 
level is based on the observation that pre - injury administra 
tion of Immunocal® significantly preserved the brain GSH 
to GSSG ratio in mice subjected to TBI . By preserving brain 
GSH , Immunocal® may mitigate several of the secondary 
injury mechanisms that are activated by TBI . In this context , 
we recently demonstrated that Immunocal® is broadly neu 
roprotective in vitro and rescues primary cerebellar neurons 
and various neuronal cell lines from a number of stressors 
including oxidative damage , nitric oxide , and excitotoxicity . 

These stressors are believed to contribute to the secondary 
injury processes post - TBI . Importantly , the neuroprotective 
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TABLE 1 

Some Characteristics of Major Proteins and 
Polypeptides in an Exemplary Whey Sample 

Protein or 
polypeptide 

Weight 
contribution 

( g / l ) ( approx . ) 
Molecular 
weight 

B - lactoglobulin 
a - lactalbumin 
BSA 
Lactoferrin 
IgG 
PP - 3 
PP - 5 
PP - 8f 
NPN 

3.0 
1.2 
0.3 
0.2 
0.2 
0.6 

18 400 
14 200 
69 000 
77 000 

160 000 
22 000 
14 300 

4 100 
1.6 

effects of Immunocal® observed in cell culture were depen 
dent on the de novo synthesis of GSH.52 Thus , it seems 
probable that at least the neuroprotective actions of Immu 
nocal® observed in this mouse model of TBI may be due 
largely to its capacity to act as a cysteine delivery system and 
thereby , a precursor pool for GSH synthesis . Downstream of 
preserving GSH , pre - injury supplementation with Immuno 
cal® significantly attenuated lipid peroxidation and pre 
served BDNF expression in the brain following TBI . Similar 
effects on BDNF expression have previously been observed 
in rat models of controlled cortical impact injury with 
procyanidin antioxidants and S - nitrosoglutathione ( Khan et 
al . , 2011 ; Mao et al . , 2015 ) . Collectively , these findings 
suggest that the neuroprotective mechanism of action of 
Immunocal® in TBI may stem from its capacity to preserve 
GSH and in turn , to limit oxidative damage and maintain 
neurotrophic factors . 
[ 0129 ] In summary , pre - injury oral administration of the 
cysteine - rich , whey protein supplement , Immunocal® , sig 
nificantly enhanced resilience to TBI induced by controlled 
cortical impact in the mice of these studies . Although 
Immunocal® did not protect mice from the primary 
mechanical injury induced by a moderate TBI , it did pre 
serve the brain GSH to GSSG ratio , reduce lipid peroxida 
tion , sustain BDNF expression , and attenuate demyelination 
and neuronal degeneration . The therapeutic actions of 
Immunocal® pretreatment were evidenced by significant 
improvements in motor and cognitive deficits induced by 
TBI . These experimental results indicate that Immunocal® 
may provide a particularly interesting preventative agent for 
TBI - induced damage , particularly in those individuals at 
high risk of such injury . 

Example 2 Whey Characteristics of Whey Protein 
Isolate Production 

[ 0130 ] An example of whey protein isolate production is 
provided below for illustrative purposes intended for the 
person of skill in the art . 
[ 0131 ] As will be understood , whey may be considered as 
a by - product of cheese or of casein manufacture . Whey 
typically contains soluble proteins of milk , so - called whey 
proteins . Cheese whey , for example , typically contains 5-8 
g / l of proteins ( Nx6.38 ) , among which B - lactoglobulin 
( B - 1g ) and a - lactalbumin ( a - la ) are the most abundant 
( accounting for 50-55 % and 15-20 % of total whey proteins , 
respectively ) and bovine serum albumin ( BSA ) , lactoferrin 
( LF ) and immunoglobulins ( IgG ) are considered as minor 
whey proteins ( accounting each for 3-5 % ) . Whey may also 
comprise protein fragments or polypeptides such as so 
called proteose - peptones ( PP - 4 , PP - 5 , PP - 8f ) resulting from 
proteolysis of milk proteins by lactic starters in cheesemak 
ing or by psychrotrophic bacteria during cold storage of raw 
milk . These proteinaceous compounds are not completely 
characterized , and their concentration in whey is highly 
variable . Finally , non - protein nitrogen ( NPN ) group may 
comprise a large number of molecules in whey , among 
which urea may account for 50-60 % . 
[ 0132 ] For illustrative purposes , Table 1 below provides 
some characteristics of some of the major proteins and 
polypeptides found in an exemplary whey sample ( in this 
case , bovine sweet whey ) . 

[ 0133 ] In this example , whey protein isolate may be 
obtained from whey , such as the whey exemplified above in 
Table 1. As will be understood , process steps involved in the 
manufacture of whey protein isolate ( WPI ) may lead to 
compositional differences in terms of protein profile 
between whey protein isolates . Thus , the specific compo 
nents and their abundance are not meant to be considered 
limiting in any manner . Factors influencing whey protein 
isolate characteristics may include , for example : 

[ 0134 ] [ 1 ] Source of the whey proteins : For example , 
sweet- or acid - whey may be used as starting material 
for the manufacture of WPI ; 

[ 0135 ] [ 2 ] Pasteurization : For example , the proteins in 
cheese whey - derived ingredients may be submitted to 
two ( 2 ) pasteurization ( i.e. 72-75 ° C. 12-16 sec . ) treat 
ments at a cheese plant where milk is pasteurized 
( Canada and US regulation ) before cheesemaking , or at 
the ingredient manufacturing plant , or before transpor 
tation of drained whey to this plant , in order to reduce 
bacterial count before membrane processing or ion 
exchange chromatography ; and 

[ 0136 ] [ 3 ] Defatting : For example , centrifugal clarifi 
cation is typically used to reduce the fat content of 
whey to 0.8-1.2 % . However , an additional defatting 
step is often performed to further decrease the fat 
content to 0.3-0.5 % in order to increase membrane 
separation performance or to prevent an irreversible 
fouling or clugging of ion - exchange resins with polar 
lipids . Defatting typically involves holding whey at 
50-55 ° C. for 30 to 90 min . in order to promote 
aggregation of fat particles ( optionally in the presence 
of added CaCl2 ) . The product will thereafter be sub 
mitted to centrifugal separation or MF in order to 
remove the agglomerated material . 

[ 0137 ] In this example , high - protein concentration > 90 % 
dry basis ) whey protein isolate may typically be prepared 
from whey such as that exemplified in Table 1 by either of 
two methods : membrane processing or ion - exchange chro 
matography . In membrane processing , microfiltration ( MF ) 
and / or ultrafiltration ( UF ) membranes may be used for 
concentrating whey . In ion - exchange chromatography , cat 
ionic- and / or anionic - exchange chromatography may be 
used to purify whey proteins . 
[ 0138 ] In this example , obtained samples may be submit 
ted to spray drying conditions . Where a substantially unde 
natured isolate is to be prepared , the obtained concentrated 
liquid may be , for example , sprayed in a hot air current ( inlet 
Tº : 180-200 ° C. , outlet Tº : 80-100 ° C. ) circulating in a spray 
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drying tower . A combination of dehydration and gravity may 
allow the collection of dry particles ( 4-8 % humidity ) at the 
bottom of the spray dryer . Estimates obtained from math 
ematical modeling of such drying processes suggest that the 
droplet temperature does not exceed about 80-85 ° C. during 
the few seconds used for dehydration , providing for an 
example of low impact spray drying which may not sub 
stantially denature whey protein . 
[ 0139 ] As will be understood , ingredients having high 
protein contents may generally be more difficult to rehydrate 
( possibly because of their low lactose and minerals content ) . 
For certain applications where rapid rehydration of the 
powder obtained from spray drying is desired , the powder 
may be submitted to agglomeration . Such steps may involve 
a final drying of the powder ( from 12-15 % to 4 % humidity ) 
on a fluid bed , generating agglomerated particles having 
better sinkability in water . In products containing fat ( which 
is generally not the case for high protein ingredients ) , 
lecithin may be injected during fluid bed drying . Lecithin 
may cover fat droplets and improve their wettability . Instan 
tization step ( s ) may also be used , although such steps are 
generally uncommon in the manufacture of high - protein 
ingredients . 
[ 0140 ] As a result of the above steps , an example of a 
whey protein isolate may be prepared from the whey protein 
starting material exemplified in Table 1 above . It will be 
understood that this example is provided for illustrative and 
non - limiting purposes , and that many alternative , substi 
tuted , or modified whey protein sources and / or processing 
steps known to the person of skill in the art having regard to 
the teachings herein are also contemplated . 
[ 0141 ] One or more illustrative embodiments have been 
described by way of example . It will be understood to 
persons skilled in the art that a number of variations and 
modifications can be made without departing from the scope 
of the invention as defined in the claims . 
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[ 0198 ] All references cited herein and elsewhere in the 
specification are herein incorporated by reference in their 
entireties . 

1. Amethod for preventing traumatic brain injury ( TBI ) in 
a subject , said method comprising : 

administering a composition comprising whey protein 
isolate and / or whey protein concentrate to the subject 
pre - injury , 

thereby increasing resilience of the subject to TBI . 
2-4 . ( canceled ) 
5. The method according to claim 1 , wherein the compo 

sition is administered to the subject at least 2 weeks prior to 
injury . 
6. The method according to claim 1 , wherein the compo 

sition is administered at least 3 weeks prior to injury . 

7. The method according to claim 1 , wherein the compo 
sition is administered at least 4 weeks prior to injury . 

8. The method according to claim 1 , wherein the compo 
sition is administered to the subject beginning at least about 
4 weeks prior to injury or prior to performing an activity for 
which there is a risk of injury . 

9. The method according to claim 1 , wherein the compo 
sition is administered to the subject beginning at least about 
4 weeks prior to injury or prior to performing an activity for 
which there is a risk of injury , and wherein the composition 
is administered at about 20 grams or more per day . 

10. The method according to claim 1 , wherein adminis 
tration of the composition at least partially prevents reduc 
tion in brain GSH / GSSG ratio following injury as compared 
to an untreated control . 

11. The method according to claim 1 , wherein adminis 
tration of the composition at least partially prevents motor 
function and / or cognitive function deficit following injury as 
compared to an untreated control . 
12. The method according to claim 1 , wherein adminis 

tration of the composition at least partially preserves corpus 
callosum width and / or axonal myelination following injury 
as compared to an untreated control . 

13. The method according to claim 1 , wherein adminis 
tration of the composition at least partially prevents neuron 
degeneration following injury as compared to an untreated 
control . 

14. The method according to claim 1 , wherein adminis 
tration of the composition at least partially reduces Ibal 
microglial marker immunoreactivity in the brain following 
injury as compared to an untreated control . 

15. The method according to claim 1 , wherein adminis 
tration of the composition at least partially reduces demy 
elination of the corpus callosum following injury as com 
pared to an untreated control . 

16. The method according to claim 1 , wherein adminis 
tration of the composition at least partially reduces number 
of foci of degenerating neurons following injury as com 
pared to an untreated control . 

17. The method according to claim 1 , wherein the com 
position comprises Immunocal® . 

18. A method for preventing or reducing traumatic brain 
injury ( TBI ) in a subject , said method comprising : 

identifying the subject as being at risk for receiving a TBI 
based on one or more risk factors ; 

administering a composition comprising whey protein 
isolate and / or whey protein concentrate to the subject 
identified as being at risk for TBI pre - injury , thereby 
increasing resilience of the subject to TBI . 

19. The method according to claim 18 , wherein the one or 
more risk factors comprise occupational risk , risk associated 
with planned activities , or a predisposition or susceptibility 
of the subject to head injury or brain damage . 

20. The method according to claim 18 , further comprising 
a step of : 

identifying a known risk date on which the subject has 
elevated risk for TBI based on the one or more risk 
factors , and identifying a preventative treatment start 
date which is prior to the known risk date ; 

wherein administration of the composition to the subject 
in the step of administering begins on or before the 
preventative treatment start date . 
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21. The method according to claim 20 , wherein the 
preventative treatment start date is at least 2 weeks , at least 
3 weeks , or at least 4 weeks prior to the known risk date . 

22. The method according to claim 21 , wherein the 
preventative treatment start date is at least about 4 weeks 
prior to the known risk date . 

23. The method according to claim 21 , wherein the 
preventative treatment start date is at least about 4 weeks 
prior to the known risk date , and the composition is admin 
istered at about 20 grams or more per day beginning on or 
before the preventative treatment start date . 


