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Abstract

The process of aging is linked to oxidative stress, microglial activation, and proinflammatory factors, which are
known to decrease cell proliferation and limit neuroplasticity. These factors may lead the transition from normal
aging to more severe cognitive dysfunction associated with neurodegenerative diseases. We have shown that
natural compounds such as polyphenols from blueberry and green tea and amino acids like carnosine are high in
antioxidant and antiinflammatory activity that decreases the damaging effects of reactive oxygen species (ROS),
in the blood, brain, and other tissues of the body. Furthermore, we have shown that the combination of these
nutrients (called NT-020) creates a synergistic effect that promotes the proliferation of stem cells in vitro and
in vivo. In the current study, we examined the effects of NT-020 on neurogenesis and performance on a Morris
water maze (MWM). Aged (20-month-old) male Fischer 344 rats were treated with 135.0 mg/kg per day (n¼ 13)
of NT-020. Young (3-month-old) (n¼ 10) and aged (20-month-old) (n¼ 13) control male Fischer 344 rats were
treated with water by oral gavage. All groups were treated for a period of 4 weeks. Although there was no
difference in performance in the MWM when comparing all aged rats, when the data for aged impaired rats
were compared, there was a significant difference between groups on the last day of training with the treatment
group performing better than controls. Using the cell cycle–regulating protein (Ki67), doublecortin (DCX), and
OX6 antibody markers, cell proliferation, neurogenesis, and microglial activation were estimated in the dentate
gyrus (DG) of young and aged animals. Cell proliferation was also examined in the subventricular zone (SVZ). A
decreased number of OX6 MHC II–positive cells, increased neurogenesis, and increased number of proliferating
cells were found in rats treated with NT-020 in comparison with aged control rats. In sum, NT-020 may promote
health, proliferation, and maintenance of neurons in the age animals and exert antiinflammatory actions that
promote function in the aged stem cell niche.

Introduction

The normal aging process is associated with changes in
the physiology and neuroplasticity of the brain as well

as cognitive impairments that vary in severity from mild to
severe. Aging is also associated with an increase in oxidative
stress, proinflammatory cytokines, and microglial activation.
All of these events seen in normal aging make the process of
aging one of the biggest risk factors in the majority of neu-

rodegenerative diseases.1 However, researchers are investi-
gating these neurophysiologic events and how they may lay
the ground for the transition between normal cognitive de-
cline and the risk for developing neurodegenerative diseases
such as stroke, Parkinson disease, dementias and Alzheimer
disease.2 For instance, increased inflammatory cytokines and
complement proteins produced by endogenous glial cell,
such as microglia and astrocytes, have been indentified in the
Alzheimer pathology as well as other neurodegenerative
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diseases such as Parkinson disease. It is not known exactly
how age-related cognitive declines correlate with the effects
of increased oxidation and increased inflammation, yet, in
the last decade, nutritional supplementation has been shown
to decrease the age-related reactive oxygen species (ROS)
production and to increase synaptic plasticity and learning
and memory.3–8 Neurogenesis is one form of synaptic plas-
ticity; it occurs throughout the life span and occurs primarily
in stem cells niches. There are two main stem cell niches in
the brain, namely the subventricular zone (SVZ) and the
subgranular zone (SGZ) of the hippocampus. The de novo
production of new neurons into the hippocampus has been
shown to be important for some forms of learning.9 Al-
though numerous studies have shown that neurogenesis is
physiologically relevant for cognitive function, the relation-
ship is complex (for review, see refs. 10 and 11). Nonetheless,
neurogenesis is clearly linked to plasticity and repair mech-
anisms,12 and alterations in neurogenesis have been also
been attributed to some affective disorders.13 Second, it has
been increasingly suggested that aging may be a stem cell
disease, because a major aspect of aging is a decline in the
proliferation of stem cells niches throughout the body, in-
cluding the brain.14,15

That cellular senescence occurs with age has been known
since the 1960s,16 but the importance of the cellular senes-
cence within the aged stem cell niche has only recently be-
come an area of active interest. A clear example of the
importance of the extrinsic or systemic influence on the stem
cell niche was demonstrated in the stem cells that are found
in the muscle, called satellite cells. Like neural stem cells,
satellite cells in the muscle lose the potential to regenerate
damaged tissue with age. In an elegant experiment, when
aged rats were exposed to the systemic environment of a
young rat by parabiosis, the satellite cells were rejuvenated
in the aged rats, as demonstrated by an increase in the pro-
liferation rate. Conversely, in young rats, the exposure to the
circulation of the aged rats caused a decrease in the regen-
erative potential of the satellite cells,17 again supportive of an
extrinsic/circulating factor that is influencing the prolifera-
tion of the stem cells in the aged animals. It is not clear
whether the mechanism involved in the effect in the muscle
would hold true in the brain, but the implication is that the
aged environment is detrimental to stem cell function. When
embryonic stem cells are transplanted into aged tissue, they
are not able to repair damaged tissue as well as when
transplanted into young tissue.14

Epidemiological studies show that diets rich in colorful
fruits and vegetables that are high in polyphenols or flavo-
noids may reduce the risk of developing neurodegenerative
diseases, such as cognitive impairment, dementia, Parkinson
disease, or Alzheimer disease.18,19 Previous studies have
shown that nutraceuticals can have effects on adult stem
cells. A nutraceutical combination of blueberry, green tea
extract, carnosine, and vitamin D3 (a proprietary formulation
known as NT-020) has been shown to promote migration of
brain stem cells from the stem cell niche to the site of injury
in an animal model of stroke.12 NT-020 was shown to stim-
ulate the proliferation of human stem cells derived from
bone marrow, bone marrow–derived CD34þ, and progenitor
cells from peripheral blood (CD133þ) in vitro.20 NT-020 re-
duced the oxidative stress-induced apoptosis of microglia
cells and neurons in vitro. Furthermore, cultured bone mar-

row cells removed from mice given NT-020 orally for 2
weeks exhibited a dose-related reduction of oxidative stress-
induced cell death. This demonstrates that the action of this
nutraceutical on stem cells is not dependent on the presence
of the formulation, because the effect was observed when the
cells were cultured in the absence of NT-020 for 3 days. In a
further study by Yasuhara et al.,12 NT-020 supplementation
protected male Sprague-Dawley rats against ischemic stroke.
NT-020 was orally administered for 2 weeks prior to middle
cerebral artery occlusion (MCAo). In the NT-020-treated
animals, there was a 75% decrease in mean glial scarring at
the infarction area in compared to the vehicle. More impor-
tantly, in this study it was demonstrated that NT-020 in-
creased proliferation of stem cells in the SVZ and increased
the migration of stem cells to the area of injury. In this model,
the treatment was initiated 2 weeks prior to the injury and
did not continue after the injury, and again demonstrates the
long-lasting effect of this treatment because the increase in
neurogenesis was observed 2 weeks following the injury.

The goal of this study was to examine if NT-020 has the
potential to improve neural stem cell proliferation in aged
rats and to see if there is a concurrent improvement in cog-
nitive function. To carry out this goal, we treated 20-month-
old old rats with NT-020 for 3 weeks prior to testing them in
a Morris water maze (MWM). Following behavioral testing,
the brains of the rats were examined for neural stem cell
proliferation in the two stem cell niches of the brain (the SGZ
and the SVZ), hippocampal neurogenesis, and activated
micgroglia cells in SGZ.

Materials and Methods

Sources of NT-020

The ingredients of NT-020 are blueberry, green tea, vita-
min D3, and carnosine. NT-020 is a patented proprietary
formulation available from NaturaTherapeutics, Inc.

Subjects

Experimental procedures were approved by the Institu-
tional Animal Care and Use Committee (IACUC). Fischer
344 rats, 3 months of age and 20 month of age, were obtained
from Harlan to be used in scientific experiments. All animals
were housed under normal conditions (208C, 50% relative
humidity, and a 12-h light/dark cycle) and provided a nor-
mal NIH-31 diet. All studies were performed by personnel
blinded to the treatment condition.

Oral treatment of NT-020 in rats

Aged rats were treated with 135.0 mg/kg a day of NT-020
oral gavage. Young and aged control rats were treated with
water by oral gavage. All groups were treated for a period of
4 weeks.

Behavioral testing

The MWM was used to evaluate the effects of natural
compounds of NT-020 on spatial learning and memory by
young and aged rats after 3 weeks of treatment. The tank
used was 1.5 meters in diameter with a 10-cm-diameter
platform submerged 1 cm below the surface of water, which
was at 278C. The performance in the MWM was measured
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over 5 days of training, with four trials per day. The platform
was placed in any of the four positions north, south, east, or
west. Every animal had an assigned platform position that
was constant across days, yet the starting site (dropping
zone) was changed per trial and the target quadrant varied
between subjects. Once animals found their escape platform,
they were allowed to remain on the platform for 30 sec be-
tween trials, then transferred to a warm resting cage for
30 sec before the next trial. If an animal did not find the
platform, it was guided to the platform and allowed to rest
on the platform for 30 sec. Probe trials were not assessed in
this study.

Using a computer tracking software (Noldus), the cumu-
lative search error was assessed. Cumulative search can be
calculated using the average distance to the target platform
in meters and multiplying it by the time to target. This type
of measurement was chosen for our data because it mainly
reveals the age-related cognitive impairments while re-
stricting bias due to swimming capability. Cognitive im-
pairment was defined as by Abrous22; to be conservative, we
used a 40% cutoff rather than 30%.

Immunohistochemistry

Staining for the cell cycle–regulating protein Ki67, dou-
blecortin (DCX), and and OX6 was carried out on every
sixth sagittal section throughout the entire hippocampus or
SVZ. Twenty-four free-floating sagittal sections (40 mm)
were incubated in 0.3% hydrogen peroxide (H2O2) solution
followed by 1-h of incubation in blocking solution (0.1 M
phosphate-buffered saline (PBS) supplemented with 3%
normal goat serum and 0.2% Triton X-100). Sections were
then incubated overnight with Ki67 (1:400 Nocastra), DCX
(1:200 Santa Cruz), and OX6 (major histocompatibility
complex [MHC] class II; 1:750 BD) antibody markers in PBS
supplemented with 3% normal goat serum and 0.1% Triton
X-100. Sections were then washed and biotinylated sec-
ondary antibody (1:200; Vector Laboratories, Burlingame,
CA) in PBS supplemented with 3% normal goat serum, and
0.1% Triton X-100 was applied for 1 h. Next, the sections
were incubated for 60 min in avidin–biotin substrate (ABC
kit, Vector Laboratories, Burlingame, CA). All sections
were then incubated for 1 min in 3,30-diaminobenzidine
(DAB) solution (Vector Laboratories). Sections were then
mounted onto glass slides and cover slipped with mount-
ing medium.

Stereology

KI67-, DCX-, and OX6-positive cells were examined with a
Nikon Eclipse 600 microscope and quantified using Stereo
Investigator software, Version 8 MicroBrightField, Colche-
ster, VT). Cells were counted within the granule cell layer
using the optical fractionator method of unbiased stereo-
logical cell counting techniques.35 The sampling was opti-
mized to count at least 200 cells per animal with error
coefficients less than 0.07. Each counting frame (125�125mm
for OX6 and Ki67, and 175�125 mm for DCX) was placed at
an intersection of the lines forming a virtual grid (125�
125 mm), which was randomly generated and placed by the
software within the outlined structure. Cell proliferation was
also examined in the SVZ using Ki67. The sampling was
optimized to count at least 200 cells per animal with error

FIG. 1. Cumulative distance to platform. (A) Morris Water
maze learning acquisition performance of all subjects. When
learning over days is graphed for all subjects, there is a clear
age difference where young rats outperform the aged rats;
then by days 4 and 5, a difference begins to emerge be-
tween the treatment group and the control aged group. (B)
When the highest scoring 40% of rats are examined as the
aged impaired (AI) groups for both the control and NT-020
treatment, there is a significant difference between groups
on days 5 (one-way analysis of variance [ANOVA] followed
by Bonferroni analysis; overall F¼ 16.55, degrees of free-
dom [df ]¼ 2, 12 post hoc for aged control vs. treatment
p< 0.05; young vs. NT-020 is not significantly different) and
distance to platform (ANOVA, F¼ 22.6 df¼ 2, 12, aged
control vs. aged NT-020 p< 0.01). (C) Individual rat perfor-
mance on day 5 of training is shown to demonstrate the wide
variance of data within subjects and that there was lower
variance in the NT-020-treated group.
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FIG. 2. (A) Ki 67þ cells (cell cycle marker) present in the subgranular zone (SGZ) of the dentate gyrus (DG) of young (4-
month-old, n¼ 10) and aged (21-month-old, n¼ 13) rats quantified using stereology methods. Asterisks denote a significant
age-related decrease in cell proliferation, demonstrating a significant increase of cell proliferation in the NT-020 oral gavage
treatment group compared with age-matched controls. There is an overall age-related decrease in Ki67þ cells with age. (One-
way analysis of variance [ANOVA] F¼ 157.6, degrees of freedom [df ]¼ 2, 32; followed by Bonferroni post hoc values [***]
p¼ 0.005, [**] p<< 0.05). Photomicrographs depicting representative sections of Ki67 staining in the granular cell layer (GCL)
and SGZ of the DG of the hippocampus (arrows) in young rats (B,C), in control aged rats (D,E), and in NT-020 aged, treated
rats (F,G). Scale bars for B, D, F, 100mm; C, E, G, 20mm. h indicates the hilus of the dentate gyrus.

FIG. 3. Doublecortinþ cells (DCX) present in granule cell layer of the dentate gyrus (DG) of young (4-month-old, n¼ 10) and
aged rats (21-month-old, n¼ 13). Quantification of DCX shows a significant increase of DCXþ cells in the DG of aged rats
treated with NT-020 for 1 month in comparison with aged rats treated with water oral gavage (one-way analysis of variance
[ANOVA] F¼ 487.9, degrees of freedom [df ]¼ 2, 24; Bonferroni post hoc values [***] p< 0.005, [**] p< 0.05). Photo-
micrographs depicting representative sections of DCX staining in the granular cell layer (GCL) and subgranular zone (SGZ)
of the DG of the hippocampus (arrows) in young rats (B,C), in control aged rats (D,E), and NT-020 aged, treated rats (F,G).
Scale bars for B, D, F, 100 mm; C, E, G, 20mm. h indicates the hilus of the dentate gyrus.
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coefficients less than 0.07. Each counting frame was set at
(75�75 mm) and a virtual grid size at (125�125 mm), gener-
ating random sampling of the SVZ.

Statistics

One-way analysis of variance (ANOVA) was used for
multiple mean comparisons, followed by post hoc compari-
son using the Bonferonni method to compare all pairs of
columns. Levels were set at a¼ 0.05 for all analyses.

Results

Cognitive function

Rats were tested for spatial memory using a standard
MWM design where the rats were trained for 5 consecutive
days and 4 trials per day to find the hidden platform. To
determine the effect of the treatment on the distribution of
rats in a cognitively impaired group versus cognitively un-
impaired groups, we examined performance on the fifth day
of training. Figure 1A shows cumulative distance to plat-
form from all subjects. Figure 1B shows a scatter plot of the
individual rats performance on day 5 of training using cu-
mulative distance to platform. The aged control group can
be seen to have a high variance of performance. At 21
months of age, it is expected that only about 30% of the
animals are considered aged impaired (AI), and this value
has been used to define AI in other studies22; thus, the dis-
tribution of impaired in this group compares with other

published data. To be conservative, AI for the control aged
rats was determined as the lowest performing 40% of ani-
mals in this group. With the lowest score for the aged con-
trol group for cumulative distance as the cutoff for AI in the
treatment group, there was only 1 rat in the treatment group
that would be considered AI for the distance to platform
value. To further compare between the two treatment
groups, we compared the worst-performing rats in each
group (old control and old NT-020) for all days for the ac-
quisition phase on the MWM (Fig. 1C). The treatment group
was significantly different from the aged control group in
the cumulative distances to platform. Thus, there is a sig-
nificantly lower distribution of rats as AI in the old NT-020
treatment group in compared with the old control and the
means are significantly different.

Neural stem cell proliferation and neurogenesis
in SGZ of the hippocampal dentate gyrus is increased
in aged rats after 1 month of NT-020 dietary
supplementation

To test the hypothesis that NT-020 could impact the stem
cell niche in aged animals, we examined the number of di-
viding cells in the SGZ of the hippocampus using the mitotic
marker KI67. Treatment of 20-month-old rats with NT-020
for a period of 4 weeks was found to significantly increase
the proliferative capacity of the cells present in the SGZ of
the dentate gyrus in comparison with the aged control
group, as seen by quantification of the mitotic marker KI67

FIG. 4. (A) OX6þ cells (MHC class II) present in the granule cell layer of the dentate gyrus (DG) (arrows) of young (4-month-
old, n¼ 10) and aged (21-month-old, n¼ 13) rats counted using stereology. Asterisks denote a significant age-related increase in
MHC class II–expressing cells, demonstrating a significant decrease in MHC class II expression in the NT-020 oral gavage
treatment group compared with age-matched controls. There is an overall age-related increase in OX6 expression in cells with
age. (One-way analysis of variance [ANOVA] F¼ 31.63, degrees of freedom [df ]¼ 2, 32; followed by Bonferonni post hoc values
[***] p< 0.005, [***] p< 0.05). Photomicrographs depicting representative sections of OX6 staining in the granular cell layer
(GCL) and subgranular zone (SGZ) of the DG of the hippocampus (arrows) in young rats (B,C), in control aged rats (D,E), and
NT-020 aged, treated rats (F,G). Scale bars, B, D, F, 100mm; C, E, G, I 20mm. h indicates the hilus of the dentate gyrus.
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(Fig. 2A). Quantification of the Ki67þ cells was done through
unbiased stereology using the estimated number by optical
fractionator. Also shown are representative sections of the
dentate gyrus showing that in the aged rats there are fewer
KI67 cells compared with young, but in the NT-020 treated
rats there is a higher prevalence of labeled cells. To address
the question of whether this increase in proliferation within
the neurogenic niche translated into increased numbers of
cells differentiating into the neuronal lineage, we quantified
the staining for the neuronal lineage marker doublecortin.
As can be seen in Fig. 3, neurogenesis as quantified by
doublecortin-positive cells was significantly higher in the
aged NT-020 group as compared with the control aged
group. Representative micrographs are included to demon-
strate this effect in the various groups.

NT-020 treatment decreased activated microglia
in the dentate gyrus of the hippocampus

As discussed in the introduction, aging is associated with
an increase in inflammation and oxidative stress, which
are known to be deleterious to the stem cell niche. Thus, a
second part of our hypothesis was that one aspect of the
beneficial effects of NT-020 treatment would be a down-
regulation of inflammatory markers in the aged brain. To
examine this, we estimated the total numbers of cells that
express MHC class II receptors using OX6. Oral treatment of
NT-020 was able to decrease the numbers of cells that ex-

press major (MCH class II) (Fig. 4A). In the NT-020-treated
aged rats, the estimated numbers of OX6þ cells were signif-
icantly lower than the aged group fed with water oral ga-
vages. Quantification of OX6þ cells was carried out using
unbiased stereology. The estimated number of OX6þ cells
was taken from the estimated number by optical fractionator.

NT-020 treatment increases proliferation
of neural progenitors in the SVZ

To determine if the effect that was observed in the SGZ
was also observed in other neurogenic areas, we assessed the
numbers of proliferating cells in the SVZ. As can be seen in
Fig. 5, there is an age-related decrease in proliferation in the
SVZ, and treatment with NT-020 for 1 month was able to
increase the numbers of proliferating cells. Representative
micrographs are included to demonstrate this effect in the
various groups.

Discussion

The present in vivo study has shown the effect of NT-020
to increase aspects of cognitive function and neural stem cell
proliferation in the two main stem cell niches of the brain. In
the SGL of the dentate gyrus, we also demonstrate that
neurogenesis as indexed by DCX is increased by NT-020.
Furthermore, one of the key changes that may relate to the
changes assessed in neurogenesis is a decline in the numbers

FIG. 5. (A) Ki67þ cells (cell cycle marker) present in the subventricular zone (SVZ) of young (4-month-old, n¼ 10) and aged
(21-month-old, n¼ 13) rats counted using stereology. Asterisks denote a significant age-related decline in Ki67-expressing cells,
demonstrating a significant increase in number of cells expressing Ki67 staining in the NT-020 treatment group compared with
age-matched controls. There is an overall age-related decrease in Ki67þ cells in the SVZ with age. (One-way analysis of
variance [ANOVA] F¼ 52.82, degrees of freedom [df ]¼ 2, 24; followed by Bonferroni post hoc values [***] p< 0.005, [**]
p< 0.05). Photomicrographs depicting representative sections of OX6 staining in the granular cell layer (GCL) and subgranular
zone (SGZ) of the dentate gyrus (DG) of the hippocampus (arrows) in young rats (B,C), in control aged rats, (D,E), and NT-020
aged, treated rats (F,G). Scale bars, B, D, F, 100mm; scale bar, C, E, G, 50mm. h indicates the hilus of the dentate gyrus.
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of MHC class II receptor expression on microglia. Our hy-
pothesis is that the local environment of the aged animals has
negative regulators on the proliferation of stem cells, some of
which are being produced by activated microglia.

The notion of aging as a stem cell disease has been gaining
popularity. Considerable evidence points to the fact that
stem cells throughout the body have reduced regenerative
capacity. For example, hematopoietic stem cells in the bone
marrow of aged mice have a reduced repopulating potential
when used for transplants to mice following irradiation.23

These authors also noted that epigenetic regulation of in-
flammation and stress response pathways was associated
with the change in stem cell function. A further study
identified p53 as a critical factor in that p53 gene dosage
regulated this loss of stem cell function.24 Interestingly, this
effect at the level of the bone marrow is also translated into
the central nervous system (CNS) because it has been shown
that mutant mice overexpressing p53 show early senescence,
decreased stem cell proliferation in the SVZ and decreased
learning on an olfactory cure learning task.25 Unfortunately,
the positive effect of decreasing p53 gene expression on stem
cell proliferation has the opposite effect on tumorogenesis
and so there is an increased incidence of neoplasm.15

Many environmental influences on stem cell proliferation
have also been examined. For example, high glucose26 has
been shown to impair endothelial progenitor proliferation.
Alcohol exposure can also reduce neurogenesis.27,28 Oxida-
tive stress and inflammation are also both negative regu-
lators of stem cell proliferation.29,30 It has clearly been
demonstrated that circulating factors in the aged animal in-
fluence stem cell function. Studies using parabiosis where the
circulation of 2 animals is connected have shown that the
environment of an aged rat can reduce stem cell proliferation
in young animals and, vice versa, that the circulation of a
young rat can have a rejuvenating effect on the aged rats’
stem cells.31 Thus, it is clear that negative regulators of stem
cell genesis are present in aged animals. It is our hypothesis
that one important negative regulator that occurs in the aged
brain relates to increased proinflammatory cytokines and
other factors coming from microglia. In this paper, we have
demonstrated that one way to increase stem cell function in
the aged animal is via dietary supplementation. NT-020 in-
creases proliferation of neural progenitor cells in both the
SVZ and the SGZ of the dentate gyrus. There is a concurrent
change in the numbers of microglia expressing MHC class II,
which supports our hypothesis that one aspect of the
mechanism of action for this dietary manipulation is via the
microglia.

The role of progenitor cells in the brain remains under
debate. One factor that should be considered is that pro-
genitor cells appear to have rejuvenating effects when used
as a cell therapy in aged animals or in disease models. For
example, when the mononuclear cell fraction of umbilical
cord blood is used for treatment of stroke,32 amyotrophic
lateral sclerosis (ALS),33 or normal aging,34 these cells have a
neuroprotective function to reduce stroke damage, reduce
motor symptoms of ALS, and increase neurogenesis in the
aged brain. Treatments of these conditions with mature adult
mononuclear fractions that contain a similar cell makeup
have no such therapeutic properties, suggesting that there is
something different with the immature progenitor cells.
Thus, the decline in progenitor cells during aging may be an

important factor underlying the reduced ability of the aged
brain to respond to injury and may underlie the suscepti-
bility to neurodegenerative diseases. Therapeutic approaches
that improve progenitor cell function, such as the one de-
scribed here, may have far-reaching effects for improving the
health of the aging brain in more ways than by just in-
creasing numbers of neurons in the dentate gyrus and ol-
factory bulb, known targets of the SGZ and SVZ. We have
demonstrated that NT-020 increases proliferation of cells in
these two stem cell niches and also results in a reduced
number of aged impaired rats following 1 month of treat-
ment. At 20 months of age, there is considerable spread of
cognitive scores, with only about 30% of the rats being
considered aged impaired for cognitive function.22 After
treatment with NT-020, there was a significant reduction in
the numbers of aged impaired rats and a significantly re-
duced spread in the cognitive scores. Although the results
for cognition are preliminary in nature and suggest that the
effect is in the aged impaired group only, these results
should be examined further by prescreening rats and then
testing the effects of treatment in the AI group so that the
issue of dilution of the effect by the aged unimpaired rats
can be resolved. This is of importance because humans
show similar ranges of cognitive function with age, and this
suggests that even those in the upper range of normal
could achieve some cognitive benefit from these therapeutic
approaches.

In summary, there is considerable accumulating evidence
suggesting that aging is a stem cell disease and that one of
the factors that influences stem cell function in aging is a
change in the stem cell environment of the aged body, which
has a strong negative influence on the function of stem cells.
One change that occurs with aging is an increase in circu-
lating factors such as cytokines and chemokines and local
tissue conditions, which also increase proinflammatory fac-
tors that have a negative effect on the function of all cells, but
most importantly on the progenitor cell pools. Furthermore,
there is something that seems to be special about progenitor
cells that has a rejuvenating effect on the aged environment.
Thus, improving the proliferation and function of progenitor
cells, as done here by treatment of aged rats with NT-020, has
a positive influence on the stem cell niche and may have far-
reaching effects on organ function beyond simple replace-
ment of injured cells, as demonstrated by an improvement in
cognitive function.
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