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Abstract Aging is associated with a decline in function
in many of the stem cell niches of the body. An emerg-
ing body of literature suggests that one of the reasons for
this decline in function is due to cell non-autonomous
influences on the niche from the body. For example,
studies using the technique of parabiosis have demon-
strated a negative influence of blood from aged mice on
muscle satellite cells and neurogenesis in young mice.
We examined if we could reverse this effect of aged
serum on stem cell proliferation by treating aged rats

with NT-020, a dietary supplement containing blueber-
ry, green tea, vitamin D3, and carnosine that has been
shown to increase neurogenesis in aged rats. Young and
aged rats were administered either control NIH-31 diet
or one supplemented with NT-020 for 28 days, and
serum was collected upon euthanasia. The serum was
used in cultures of both rat hippocampal neural progen-
itor cells (NPCs) and rat bone marrow-derived mesen-
chymal stem cells (MSCs). Serum from aged rats sig-
nificantly reduced cell proliferation as measured by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and 5-bromo-2′-deoxyuridine (BrdU)
assays in both NPCs and MSCs. Serum from aged rats
treated with NT-020 was not different from serum from
young rats. Therefore, NT-020 rescued the effect of
serum from aged rats to reduce stem cell proliferation.
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Introduction

Aging is a complex process that involves cellular senes-
cence, a gradual loss of tissue homeostasis and decline
in organ function. Emerging evidence suggests that stem
cell niches within the body may be particularly sensitive
to aging. At this time, there are two major areas under
investigation in relation to stem cell senescence: one is
cell autonomous alterations and the involvement of
senescence-related genes such as p16INK4A, ARF, p21,
p53, and the WNT/β-catenin pathways (Sharpless and
Depinho 2007). Alternately, there is also strong
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evidence for cell non-autonomous effects on stem cell
niches, with much of the early evidence for this coming
from studies using heterochronic parabiosis (Conboy
et al. 2005; Villeda et al. 2011) and early studies in our
lab using the technique of in oculo transplantation
(Granholm et al. 1987; Willis et al. 2005).

With age, there is a decline in stem cell regenerative
capacity that is observed in stem cell niches both in the
periphery and the CNS. For example, although hemato-
poietic stem cells (HSCs) from aged mice show in-
creased numbers of HSCs, there is a reduced
repopulating ability in serial bone marrow transplant
studies (Chambers et al. 2007; Harrison and Astle
1982; Mayack et al. 2010; Sharpless and Depinho
2007). However, in some strains, HSCs do not decline
with age (Harrison and Doubleday 1975). Changes in
stem cell function in the central nervous system have
also been extensively studied and have been the subject
of review (Lazarov et al. 2010). This reduction in stem
cell function with age may underlie some aspects of
cognitive decline (Encinas et al. 2011; Lazarov et al.
2010).

Cell non-autonomous or systemic milieu influences
on stem cell senescence have been elucidated. Using the
technique of heterochronic parabiosis, the systemic cir-
culation of a young mouse and an old mouse is connect-
ed. Using this technique, researchers have demonstrated
that the systemic milieu of aged mice reduces muscle
satellite stem cell function, liver stem cell function,
hematopoietic stem cell function, and neural stem cell
function (Conboy et al. 2005; Mayack et al. 2010;
Villeda et al. 2011). Furthermore, when serum from
old rats or mice is used in cultures of stem cells from
various niches, the serum from old animals has a nega-
tive impact on stem cell proliferation and there are
changes in fate determination that recapitulate aging
(Mayack et al. 2010; Villeda et al. 2014, 2011).
Several possible changes in old blood have been identi-
fied as possible negative and positive influences on the
stem cell niches. For example, Villeda et al. initially
suggested that an increase in CCL11 (eotaxin) is in-
creased similarly in human plasma and parabiont plasma
and may be one of the negative regulators of the aged
blood on neurogenesis (Villeda et al. 2011), and a recent
paper suggests beta2-microglobulin is also a pro-aging
factor (Smith et al. 2015). Several reports have sug-
gested that growth differentiation protein 11 (GDF-11)
is decreased with age and treatment with GDF-11 has a
positive effect on several stem cell niches (Katsimpardi

et al. 2014; Sinha et al. 2014). Recently, a different
group has reported the opposite (Egerman et al. 2015);
the difference may lie in the methods used to detect
GDF-11. As we have shown, the use of a nutraceutical
also has a positive impact on stem cell aging (Acosta
et al. 2010; Bickford et al. 2006; Shytle et al. 2007), we
examined if there was a benefit of treatment of aged rats
with NT-020 on the ex vivo effects of serum on mesen-
chymal stem cells (MSC) and neural progenitor cell
(NPC) survival and proliferation.

Methods

Fischer 344 rats of 3–6 and 20–22 months were obtain-
ed from the NIA contract colony and housed in the USF
AAALAC-accredited animal facility. All procedures
were approved by the institutional IACUC. The rats
were fed ad lib either a NIH-31 standard lab chow or
NIH-31 lab chow supplemented with NT-020 plus
Biovin (a proprietary grape seed extract (Cyvex)) (sup-
plement provided by Natura Therapeutics) at 0.5 % to
deliver a dose of NT-020 of 135 mg/kg/day. Body
weight and food consumption were measured three
times a week. No differences were observed between
the groups in terms of body weight or food consump-
tion. After 28 days, the rats were euthanized with CO2

and serum obtained by heart puncture into blood collec-
tion tubes and let sit then spun at 3000 rpm for 10 min.
The serumwas aliquoted and frozen at −80 °C until used
for cell culture or ELISA experiments.

Measurement of stem cell function

MTT assay Four thousand rat hippocampal neural pro-
genitor cells (NPCs) (Millipore) were cultured in
laminin-coated 96-well plates with proliferation media
containing essential growth factors. After 24 h, the
media was exchanged for fresh media containing young,
old, or old-NT serum. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) labeling reagent
(Roche) was added after 48 h of treatment, and the
relative absorbency was measured using an ELISA mi-
croplate reader (BioTek Instruments).

Three thousand rat MSCs were cultured in poly-l-
lysine-coated 96-well plates (BD 354516) with
Dulbecco’s modified Eagle medium (DMEM), 10 %
fetal bovine serum, and 1 % streptomycin/penicillin.
Following 24-h incubation, the media was removed
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and replaced with young, old, young-NT-020, or old-
NT-020 serum and fresh media. After 48 h, the serum
was removed and standard protocol for the MTT assay
was followed (Roche, USA, Cat # 11465007001). The
optical density of solubilized purple formazan was mea-
sured at 570 nm on a Synergy HT plate reader (BioTek).

BrdU Ten thousand NPCs were cultured in laminin-
coated eight-well microscope slides with proliferation
media containing essential growth factors. After 24 h,
the media was exchanged for fresh media containing a
young, old, or old-NT serum; 10 μM 5-bromo-2′-
deoxyuridine (BrdU; Sigma) was added after 44 h, and
cells were treated for four additional hours.
Immunocytochemistry staining was performed, and
photomicrographs were taken using a fluorescence mi-
croscope (Zeiss) at ×20 magnification from at least 30
different fields of vision.

Three thousand rat MSCs were cultured in poly-l-
lysine-coated 96-well plates (BD 354516) with DMEM,
10 % fetal bovine serum, and 1 % streptomycin/penicil-
lin. Following 24-h incubation, the media was removed
and replaced with young, old, young-NT-020, or old-
NT-020 serum and fresh media. Bromodeoxyuridine (5-
bromo-2′-deoxyuridine (BrdU)) was measured using
cell proliferation enzyme-linked immunosorbent assay
following standard procedure (ELISA; Roche, USA,
Cat # 11647229001). The optical density was measured
approximately 5–10 min after the addition of the sub-
strate solution. Absorbance was measured at 370 and
492 nm using a Synergy HT plate reader (BioTek), with
the change between these two measures used for subse-
quent analyses.

CRP (RayBiotech), CCL11 (Quantikine) and CCL2
(RayBiotech), and BDNF (Booster Biologics) ELISA
was conducted according tomanufacturer’s instructions.
Briefly, serum samples were diluted 1:50,000(CRP), 1:4
(CCL11), 1:1000 (CCL2), and 1:2 (BDNF) in assay
diluent. One hundred microliters of sample was added
to the plate and allowed to incubate overnight at 4 °C.
The plate was then washed with the provided buffer four
times, with careful attention to removing all excess
liquid between steps. One hundred microliters of anti-
body solution was allowed to incubate for 1–2.5 h de-
pending on target and then washed. After 45-min incu-
bation with one hundred microliters of streptavidin, the
plate was then washed another four times and then
incubated with the TMB One substrate solution for
30 min. All incubation steps were conducted while

oscillating at 60 RPM at room temperature unless oth-
erwise noted.

Results

NT-020 treatment reduces the negative impact of aged
serum on proliferation of hippocampal neural progenitor
cells. We examined serum from young rats (4 months)
and aged rats (21 months) with or without supplemen-
tation with NT-020 (135 mg/kg) for 1 month. NPCs
were grown in proliferation media for 24 h prior to
addition of 10 % rat serum for 48 h. Figure 1a illustrates
that treatment of NPCs with old rat serum reduces the
MTT signal which can be correlated with reduced num-
bers of cells at the time of the assay as it measures
mitochondrial activity, whereas the serum from old rats
treated with NT-020 is significantly higher than that
found with old rat serum (one-way ANOVA
F(2,12) = 65.45 followed by Sidak’s multiple compari-
son test *p < 0.05; **p < 0.001). As theMTTassay is an
indirect measure of cell proliferation and could be in-
creased with treatments that increase mitochondrial
function, we also measured the numbers of dividing
cells with BrdU. A similar effect is observed in Fig. 1b
when examining BrdU-positive cells after 48-h treat-
ment with 10 % serum. There is a significant negative
effect of old rat serum on the number of dividing stem
cells, and this is reversed with the serum from old rats
fed NT-020 (one-way ANOVA F(2,17) = 13.64, follow-
ed by Sidak’s multiple comparison test ***p < 0.001
and *p < 0.05).

We next examined if this effect would also be ob-
served with bone marrow-derived mesenchymal stem
cells including serum from young rats treated with NT-
020. As can be observed in Fig. 2a, old rat serum again
reduced the relative cell proliferation when compared to
young rat serum. Treatment of aged rats, but not young
rats, significantly increased the relative cellular prolif-
eration in MSCs treated with serum from these rats
(one-way ANOVA F(3,16) = 8.746 followed by
Sidak’s multiple comparison test **=p < 0.01). In
Fig. 2b, it can be observed that old rat serum decreases
proliferation of MSCs when compared with young
serum. Serum from aged rats treated with NT-020 in-
creased the proliferation of MSCs when compared with
serum from aged controls (one-way ANOVA
F(3,12) = 11.22 followed by Sidak’s multiple compar-
ison ***p < 0.001; *p < 0.05).
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We assessed a few potential biomarkers in the serum
to examine their contribution to stem cell proliferation
and mitochondrial activity. We measured CCL11, as it
had been previously described as one circulating factor
in aged serum that explained the negative effect (Villeda
et al. 2011). There was a significant increase in CCL11
(eotaxin) with age; however, treatment with NT-020 did
not significantly decrease the levels (Table 1). Similarly,
a related chemokine CCL2 (MCP-1) was increased with
age in serum, but treatment with NT-020 did not signif-
icantly change the circulating levels of CCL2. Thus,
although there are trends in the data, no significant
reduction in these chemokines explains the effects of
NT-020 treatment in the aged rats. We also examined
BDNF and C-reactive protein (CRP) and found no
significant age or treatment effects (Table 1).

Discussion

We demonstrate that treatment of old rats with NT-020
eliminates the negative impact of the serum on stem cell
proliferation when examined in vitro as serum from
aged rats on the NT-020-supplemented diet did not
reduce proliferation of either NPCs and MSCs. This is
consistent with earlier reports that NT-020 increases
neurogenesis in vivo (Acosta e t al . 2010) .
Interestingly, this was not observed in young animals
treated with NT-020, suggesting that this is indeed an
effect on the aged serum and not simply the presence of
NT-020 in the serum.

The literature suggests that CCL11 may be one of
the negative regulators of this effect of aged serum
to have a negative impact on the neurogenic niche;

Fig. 1 a Treatment of NPCs with old rat serum (ORS, N = 5)
reduces relative cell proliferation as measured by mitochondrial
MTTwhen compared with young rat serum (YRS, N = 5), whereas
the serum from old rats treated with NT-020 (ORS-NT, N = 5) is
significantly higher than that found with old rat serum (one-way
ANOVA F(2,12) = 65.45 followed by Sidak’s multiple comparison
test *p < 0.05; **p < 0.001). A similar effect is observed in (b)

when examining BrdU-positive cells after 48-h treatment with
10 % serum. There is a significant negative effect of old rat serum
on the number of BrdU-positive cells, and this is increased in NPCs
treated with serum from old rats fed NT-020 (one-way ANOVA
F(2,17) = 13.64, followed by Sidak’s multiple comparison test
***p < 0.001; *p < 0.05)

Fig. 2 a Bar graphs demonstrating that treatment of aged rats with
NT-020, but not young rats, significantly increased the relative
cellular proliferation in MSCs treated with serum from these rats
(one-way ANOVA F(3,16) = 8.746 followed by Sidak’s multiple
comparison test **=p < 0.01). b It can be observed that old rat serum

decreases proliferation of MSCs when compared with young serum
when measured using BrdU. Serum from aged rats treated with NT-
020 increased the proliferation ofMSCswhen compared with serum
from aged controls (one-way ANOVA F(3,12) = 11.22 followed by
Sidak’s multiple comparison ***p < 0.001; *p < 0.05)
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however, according to our data, this does not explain
the effect of NT-020. We did observe an increase in
CCL11 with age, but this was not significantly re-
duced with NT-020 treatment. It is possible that
there are differences between mice and rats, as the
previous report examined neurogenesis in mice
(Villeda et al. 2011). We also examined a few other
factors that have been suggested to play a role in
neurogenesis such as BDNF; however, we were not
able to identify a single factor that was responsible
for the effect of NT-020, it is likely that there is a
cumulative effect of multiple factors or changes in
factors that were not measured. As there has been
significant literature published on the positive ef-
fects of GDF-11 as a potential factor that increases
both muscle and neural stem cell proliferation in
aged mice (Katsimpardi et al. 2014; Loffredo et al.
2013; Sinha et al. 2014), we also attempted to mea-
sure GDF-11. However, GDF-11 was undetectable
in our assay; this may have been the result of a
technical problem as the samples had been in the
freezer longer than the suggested 6 months
(CUSABIO Biotech). Additional studies will need
to be performed to examine this further. At this time,
the literature suggests that with age, there are both
increases in negative regulators of stem cell prolif-
eration in the serum as well as loss of potential
positive regulators. Studies using parabiosis in fact
do report a mixture of effects, as in some niches, the
young parabionts have a decline in stem cell prolif-
eration when connected to aged partners as well as
the positive effect of the young partner on the aged
parabiont (Conboy et al. 2005; Villeda et al. 2011).

The area of research examining the effects of
young blood has exploded in the past few years,
and there seems to be a search for the Bfountain of
youth^ factor that may be responsible for this ef-
fect. The data on parabiosis or injections of young

blood or neonatal blood are compelling and have
important effects on the neurogenic niche and other
niches within the body. One study used umbilical
cord blood demonstrating that a single injection
was sufficient to increase neurogenesis in aged rats
(Bachstetter et al. 2008). A follow-up study exam-
ined which cells within the umbilical cord blood
might be responsible, and it was suggested that
naïve T cells were the fraction responsible for this
effect (Shahaduzzaman et al. 2013). Thus, it is clear
that multiple factors and cells within young/
neonatal blood may have beneficial effects on the
stem cell niches of aged subjects. Others have also
examined serum from caloric restricted mice and
monkeys as a potential in vitro model of caloric
restriction (CR) as CR has been shown to increase
maximal life span in many species (de Cabo et al.
2003). In these studies, the authors present data
showing that the serum from young CR mice re-
duced proliferation of FaO rat hepatoma cells. At
first, this may seem in contrast to our data suggest-
ing that increasing cell proliferation is a positive
outcome; however, the studies examine very differ-
ent cell types. It seems that proliferation of cancer
cells and progenitor cells is regulated by similar
mechanisms as many tumor suppressor genes also
regulate stem cell proliferation (Sharpless 2005).
With aging, it is desirable to increase neurogenesis
as this has been associated with increased neural
plasticity and cognitive function (Dupret et al.
2007; Lazarov et al. 2010; van Praag et al. 2002).
One advantage of a nutraceutical approach is that it
targets multiple mechanisms (Mandel et al. 2012).
Although in this study we have not identified the
mechanism, future studies using proteomics and
flow cytometry to examine a larger set of protein
and cellular changes would likely point to multiple
changes in circulating factors that combined

Table 1 Serum metabolite measures

Young
mean ± SEM (N)

Young NT-020
mean ± SEM (N)

Old
mean ± SEM (N)

Old NT-020
mean ± SEM (N)

CCL11 (eotaxin) (pg/ml) 256.6 ± 7.0 (6) 266.7 ± 9.0 (6) 317.8 ± 15.0 (5)* 308.0 ± 12.6 (6)

CCL2 (MCP-1) (pg/ml) 2156 ± 121.3 (6) 2565 ± 158.5 (6) 3946 ± 760.6 (6)* 2875 ± 217.3 (6)

BDNF (pg/ml) 85.8 ± 9.5 (6) 88.2 ± 9.3 (4) 73.5 ± 3.5 (4) 84.4 ± 7.8 (6)

CRP (ng/ml) 20.8 ± 2.5 (10) 21.7 ± 1.4 (10) 15.59 ± 3.3 (9) 20.98 ± 4.5 (9)

*p < 0.01 young versus old
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together leading to the beneficial effect of the NT-
020 treatment.

Conflict of interest PCB is co-founder of Natura Therapeutics,
Inc. PCB, JT, RDS, and CDS are inventors on patents relating to
NT-020. JT and RDS are consultants for Natura Therapeutics.
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