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Abstract: Cognitive decline is a natural process that occurs during aging. Several natural solutions
called nootropics exist that can help mitigate this process. However, in some cases there is a lack of
scientific evidence on their potential mechanisms and efficacy. To this end, the objective of the
current study is to evaluate and compare several potential natural nootropics, develop a formula
and confirm its effect in healthy volunteers with mild cognitive impairment. The standardized herb
extracts were tested in human neural stem cell cultures exposed to oxidative stress. Oxidative stress,
cell survival and trophic factor expression were analyzed. From these results, a blend comprised of
Salvia officinalis extract and rutin was developed. A randomized, double-blind placebo-controlled
clinical study was performed, testing the effects of the combination at two different doses, for 12
weeks, in healthy volunteers aged 50+ with mild cognitive impairment. As a result, the blend
significantly improved several characteristics related to memory, particularly memory recall, with
a more noticeable effect in the higher dose. Therefore, the study reveals the potential nootropic effect
of a blend comprised of Salvia officinalis and rutin.

Keywords: nootropic; Salvia officinalis; mild cognitive impairment; rutin

1. Introduction

Nootropics, also known as “smart drugs”, are substances found in the market that can
potentially contribute to improve cognitive health, such as memory, focus or concentration [1]. These
substances are commonly found in food supplements and are usually of natural origin [2]. Overall,
nootropics do not have an immediate effect and generally require continuous consumption for at
least several weeks [3].

There are numerous described mechanisms by which nootropics may exert their effect (for a
review, see reference 4). For example, some act by increasing blood flow to the brain, thereby
providing more access to glucose and oxygen [3,5]. Others reduce oxidative stress and contribute to
eliminating free radicals [6-9]. Still others increase the production of trophic factors that contribute
to promote neuronal survival, axon growth or synaptic transmission [10-12]. Overall, due to the
variety of active compounds found in these herbs, nootropics usually have a multifaceted effect upon
the brain.

While there are numerous herbs that traditionally hav been used for their potential nootropic
effect [13], there are few that are backed by solid scientific evidence and supported with clinical
studies. To this end, the objective of the current study is to assess and compare the nootropic potential
of several botanical extracts, standardized in certain active compounds. Some of these extracts, such
as ginkgo biloba or bacopa, are well known for their traditional use, while others are less known. The
strategy applied in the study was to first analyze in vitro various aspects related to nootropics
(antioxidant effect, neuronal survival, stimulation of growth factors, etc), and compare them to find
the best candidate. Then, it was tested to assess various aspects related to improving neuronal
functioning (BDNF expression and acetylcholine esterase inhibition), in isolation or combined with
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rutin, a purified polyphenol with scientific evidence as a nootropic [14]. Then, the formula was tested
in a clinical setting in healthy older adults with mild cognitive impairment. The results of the current
study may provide scientific and clinical evidence of a natural, botanical-based formula with
nootropic effects.

2. Materials and Methods

1. Analytical equipment

Inverted microscope with integrated camera, laminar flow hood, cell culture incubator (37°C,
5% CO2, 90% relative humidity (RH), Biirker chamber, pipettes, rack, plate reader
spectrophotometer, Nano-Drop spectrophotometer, Spectrophotometer Synergy, vortex, Quant
studio 5 (Applied Biosystem) Quantitative real-time PCR, heating block, thermocycler and
consumables, statistical analysis software.

2. Reagents

Distilled Water (Braun), Human Neural Stem Cells (NSC) specific culture medium and
supplements (Phenocell), PBS (Gibco), Trypan Blue Solution (Bio-Rad), Trypsin/EDTA
(SigmaAldrich), Dimethylsulfoxide (DMSO, Sigma-Aldrich), MTT reagent [3-(4,5-Dimethylthiazol-2-
yl)-2,5-Diphenyltetrazolium Bromide] (Invitrogen), Ethanol (Sigma-Aldrich), DNAse-I (Qiagen),
RNeasy extraction kit (Qiagen), PrimeScript RT reagent kit (Perfect Real Time- Takara Clontech),
ROS/RNS detection kit (Abcam), BDNF ELISA kit (Proteintech KE00096-96T), AChE activity ELISA
kit (Abcam).

3. Botanical Extracts

The following plant extracts were used, standardized in the active compounds described:
Vaccinium myrtillus fruits (bilberry, 25% anthocyanidines by UV), Vaccinium angustifolium fruits
(blueberry, 25% anthocyanins by UV), Bacopa monnieri whole plants (water hyssop, 45% bacosides
by HPLC), Salvia officinalis leaves (sage, 4% rosmarinic acid by HPLC), Crocus sativa stigmas
(saffron, 2% safranal & 11% crocines by UV), Rhodiola rosea roots (arctic root, 5% rosavins by HPLC),
Ginkgo biloba leaves (24% flavonoids by HPLC), Panax ginseng roots (ginseng, 5% ginsenosides by
HPLC), Centella asiatica whole plant (gotu kola, 20% total asiaticosides by HPLC). Sophora japonica
standardized in 95% rutin was used as source of rutin.

These extracts were acquired by various manufacturers, obtained generally through water-
ethanol extractions of the raw material. Internal analysis by UV or HPLC, depending on the extract,
was performed in the laboratory to ensure the quality of the extract.

4. Cell viability — MTT assay

For seeding cells, cell numbers and viability were determined using Trypan-Blue staining and
counting in a Biirker chamber under the microscope. For the MTT assay, NSC were cultured
overnight in supplemented growth medium. 24 hours later, the culture medium was replaced with
fresh medium and the different products at 8 different concentrations. After 24 hours of incubation,
the medium was removed, and MTT solution was added to each well. Plates were incubated in the
refrigerated incubator at 37°C for 3 hours. MTT reactive was removed, and DMSO 100% was added
to each well to solubilize formazan crystals prior to absorbance measurements at 550 nm and 620 nm
as reference on a scanning multi-well spectrophotometer.

In the case of hippocampal cell cultures, mouse hippocampal neuronal cells were cultured
overnight at a 40.000 cells/well density in a 96 well plate, in supplemented growth medium. 24 hours
later, the culture medium was replaced with fresh medium at 8 different concentrations (0.01, 0.003,
0.001, 0.0003, 0.0001, 0.00003, 0.00001 and 0.000003%). After 48 hours of incubation, the medium was
removed, and MTT solution was added to each well. Plates were incubated at 37°C for 3 hours. MTT
reagent was removed and DMSO at 100 % was added to each well to solubilize formazan crystals,
then the absorbance was measured at 550 nm and 620 nm as a reference on a scanning multi-well
spectrophotometer.

5. ROS/RNS Assay
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NSC were seeded and after 24 h, medium was replaced with fresh medium containing the tested
products at two or three non-cytotoxic concentrations for 24 hours (h). After that, oxidative stress was
induced with H202 and ROS and RNS were quantified through a specific Cellular ROS/RNS assay
kit. ROS and RNS concentrations were measured by spectrophotometry at Ex/Em: 490/525nm and
Ex/Em: 550/620nm, respectively.

6.  Gene expression analysis by qRT-PCR

For gene expression quantification of selected genes, NSC were supplemented with medium
containing the tested products at two or three non-cytotoxic concentrations for 24 hours (h). After
that, neural toxicity was induced with H202 for 24 h. After the incubation period, cells were collected
in lysis buffer to proceed with the RNA extraction. Total RNA was extracted using RNeasy kit
(Qiagen) and treated with DNAse-I to remove any contamination from genomic DNA. RNA quality
and quantity were checked in a Nano-Drop spectrophotometer, and cDNA was synthesized. Finally,
quantitative PCR (qQPCR) was performed in a real time PCR machine (QuantStudio 5, Applied
BioSystem). To perform raw data analysis, we used the 2-AACt method (Livak & Schmittgen, 2001)
to calculate the gene relative expression ratio of NRF2, NGF, BDNF, VEGF, CASP9, BAX and BCL2
to H202-treated control (C). Actin (ACT) was used as a reference housekeeping gene.

7. Quantification of BDNF protein levels by ELISA

To assess the BDNF protein levels, NSC were seeded at 250,000 cells/well in 12-well plates and
kept for 24 h at 37°C. Then, cell culture media was replaced by fresh medium containing the tested
products and incubated for 24 h. Thereafter, supernatants were collected and processed for the
quantification of BDNF protein levels by an ELISA kit, following the manufacturer’s instructions.

8. Quantification of AChE protein levels by ELISA

For the assessment of the AChE activity, cells were seeded in 12-well plates at a density of 70,000
cells/well and kept for 24 hours at 37°C. Then, cells were cultured in fresh medium at the selected
concentrations (0.001% and 0.0002%) and incubated for 48 h. Thereafter, cell lysates were harvested
and used for the measurement of the AChE activity by ELISA, following the manufacturer’s
instructions.

9. Clinical trial information

A total of 121 healthy subjects, ages 50-65 years old, with mild cognitive impairment were
enrolled in the study. The established exclusion criteria were: (i) allergy or reactivity to some of the
components of the products or a product with a similar category than tested one, (ii) in-use relevant
pharmacological or hormonal treatment, (iii) forecast of change of routine or relevant way of life
during the period of study, and (iv) nursing, pregnant, or planning to become pregnant during the
study according to subject self-report. Subjects were asked to (i) respect the conditions of use of the
treatment, (ii) do not take antidepressants, anxiolytics, hypnotics or sleeping pills, analgesics that
affect the central nervous system (morphines and derivatives), (iii) do not take memory supplements
during the study, (iv) do not take Disgren, Somacin or Aspirin, and (v) do not use products similar
to the one in the trial during the time of participation. The standard protocol and test conditions were
submitted to and approved by the Ethical Committee of Bionos Biotech (Date 18/07/2023 and Code
number 0058-2023). Subjects were randomly assigned to 3 groups: 42 subjects for placebo group, 40
subjects for sage/rutin at 250mg group and 39 subjects for sage/rutin at 400mg group. Subjects
ingested by oral intake one capsule per day of the corresponding product, after breakfast. The
cognitive tests were performed before the ingestion of the product (day 0), 6 weeks and 12 weeks
after the first ingestion of the product.

10. Statistical analysis

The MTT assay was set with 8 replicates per condition. ROS/RNS quantification assay and qRT-
PCR assay was set with 5 replicates per condition. Both Data outliers were identified with ROUT
method (Q = 5%) and excluded from the analysis if found. Data were statistically analyzed by
Ordinary one-way ANOVA and Dunnett’s post hoc multiple test or Brown-Forsythe ANOVA test
and Dunnet’s T3 post hoc multiple comparisons test. Statistical significance was declared at p < 0.05,
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95% of confidence. Bars in the charts represent the mean value for each condition and error bars
indicate the standard error of the mean (SEM) for each group of values.

3. Results

3.1. MTT analysis of individual extracts

MTT analysis was first performed in the neural stem cells cultures to test cell viability in presence
of the various plant extracts (Figure 1). A total of 8 concentrations were used in each case. The results
indicated that each extract presented different effects on the cell viability, indicated in the graphs as
values under 1. The following extracts did not affect cell viability at any concentration tested: sage,
saffron, arctic root, ginkgo, ginseng, and gotu kola. However, some did present a tendency to lower
cell viability despite not being statistically significant. For this reason, 3 concentrations were
considered for future experiments in the case of sage, ginseng, and gotu kola. Also, an intermediate
concentration of 0.0005% was considered for ginkgo and saffron for this same reason. Bilberry only
presented toxicity at the highest concentration, 0.01%, while blueberry and bacopa had various levels
of toxicity, especially at the higher concentrations.

Bilberry Blueberry Bacopa

P LRELLT 27 FISSEIS S f L

L

Sage Saffron Arctic Root

PIPIILLIS P AN Al

Ginkgo Ginseng Gotu kola

LIS PILILIILS PELILELLS

Figure 1. MTT analysis in neural stem cells and in presence of the botanical extracts, using DMSO as
control. * p<0.05, ** p<0.01, *** p<0.005.

Based on these results, the following working concentrations were used in the subsequent
studies: bilberry (0.0001%, 0.001%), blueberry (0.0001%, 0.001%), bacopa (0.0001%, 0.001%), sage
(0.0001%, 0.001%, 0.01%), saffron (0.0001%, 0.00005%), arctic root (0.0001%, 0.001%), ginkgo biloba
(0.0001%, 0.00005%), ginseng (0.0001%, 0.001%, 0.01%), gotu kola (0.0001%, 0.001%, 0.01%).
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3.2. ROS/RNS and Cell Death Markers in Individual Extracts

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) was performed in neural
stem cells submitted to oxidative stress by H202. The results can be observed in Figure 2 and 3,

respectively.
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Figure 2. ROS analysis of botanical extracts in neural stem cells exposed to H202 and in the presence
of the botanical extracts. * p<0.05, ** p<0.01, *** p<0.005, **** p<0.001.
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Figure 3. RNS analysis in neural stem cells exposed to H202 and in the presence of the botanical
extracts. * p<0.05, ** p<0.01, *** p<0.005, **** p<0.001.

NSC exposure to oxidative stress increased ROS on average by 20.5%. The cultures exposed to
oxidative stress and the botanical extracts revealed different levels of effectiveness in reducing ROS.

Specifically, bilberry, bacopa, saffron, and gotu kola did not have any effect on reducing
oxidative stress. Surprisingly, a pro-oxidant effect was observed in the case of saffron, in both
concentrations used.

Both ginkgo and ginseng had antioxidant and pro-oxidant effects, depending on the
concentration used in the cell cultures. The extracts where only an antioxidant effect observed was
blueberry (at 0.001%), sage (at 0.01%) and arctic root (at 0.01%).

Regarding RNS, H202 treatment increased this parameter by 7.9%. In this case, the results, as
observed in Figure 3, indicated that the following extracts did not have an effect on RNS: bacopa,
saffron, ginseng, and gotu kola. In turn, the extracts that significantly reduced RNS were: bilberry (at
0.0001%), blueberry (at both concentrations), sage (at 0.01% and 0.0001%), arctic root (at 0.01% and
0.001%) and ginkgo (at 0.00005%).
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Finally, several genes related to cell death were analyzed, specifically caspase-9, Bcl2 and Bax.
There was no effect observed in any of the extracts for Bcl2 and Bax, under the culture conditions
used (data not shown). On the other hand, all extracts significantly reduced caspase-9 in NSC exposed
to oxidative stress, in all the concentrations used (Figure 4). As caspase-9 is implicated in the initiation
process of the apoptotic pathway, this result suggests that all the extracts contain active compounds
that contribute to inhibit this gene.
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Figure 4. Caspase-9 gene expression analysis in neural stem cells exposed to H202 and in the presence
of the botanical extracts. * p<0.05, ** p<0.01, *** p<0.005, **** p<0.001.

3.3. Trophic Factor Release in Individual Extracts

The gene expression levels of three trophic factors were analyzed in the human neural stem cell
cultures exposed to oxidative stress; NRF2, NGF and VEGF (Figure 5).
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Figure 5. Expression levels of trophic factors NRF2, NGF and VEGF in neural stem cells exposed to
H202 and in the presence of the botanical extracts. * p<0.05, ** p<0.01, *** p<0.005, **** p<0.001.

Regarding NRF2, this trophic factor was significantly increased by approximately 17.8% when
the NSCs were submitted to oxidative stress. Among the botanical extracts, only sage significantly
increased the expression of NRF2 by approximately 1.5 fold, at 0.001% and 0.01%.

As for NGF, H202 exposure caused an average 70.1% increase of this growth factor in NSC.
With the exception of arctic root, all botanical extracts further increased its expression. Bilberry (at
0.0001%), blueberry (at 0.001%), sage (at 0.0001%), saffron (at 0.00005%), increased NGF by around 3-
fold. Bacopa (at 0.0001%) and gotu kola (at 0.0001%) seemed to be the extracts with the highest
increase in NGF, around 4-fold. On the other hand, ginkgo (at 0.0001%) and ginseng (at 0.01%)
increased only around 2-fold.

Finally, VEGF expression was significantly decreased in NSC submitted to oxidative stress, by
an average 40.3%. As in the case of NRF2, only sage revealed a significant increase, at both 0.001%
and 0.01% concentrations, with an over 10-fold increase in expression.

A summary of the results observed, with the exception of cell death markers, among the
botanical extracts can be found in Table 1.

Table 1. Summary of results observed of neural stem cells submitted to oxidative stress and exposed
to the various botanical extracts. Values indicate the concentrations where significant values were
detected, whereas NS indicates not significant. P-ox: pro-oxidant effect, A-ox: antioxidant effect. *
P<0.05, ** p<0.01, ** p<0.005, **** p<0.001.

Botanical ROS RNS NRF2 NGF VEGF
Extract

_ 0.001% (*)

o, *
Bilberry NS 0.0001% (*) NS 0.0001% (**) NS
0.001%(****)

Bl 001% (* 001% (*

ueberry 0.001% (*) 0.0001% (** NS 0.001% (*) NS
Bacopa NS NS NS 0.0001% (*) NS

0.01% (***) 0.001% (***) 0.01% (*)
0, LR 0, LR
Sage 0.01% (™) 0.0001% (*) 0.01% (***) 0.0001% (****) 0.001% (*)
P-ox:
Saffron 0.0001% (*) NS NS 0.00005% (*) NS
0.00005%(**)
_ 0.01% (*)
0, KN
Arctic Root 0.01% (***) 0.001% (*) NS NS NS
P-ox: 0.0001%(**)
Ginkgo A-ox: 0.00005%(****) NS 0.0001% (**) NS
0.00005%(**)
0, * 0, HA

Ginseng 0.01% (*) NS NS 0.0001% (™) NS

0.0001% (**) 0.001% (*)
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0.01% (***)
Gotu kola NS NS NS 0.0001% (*) NS

Based on the results obtained with the various individual extracts, sage revealed to possess the
most significant effects overall, with positive results observed in both ROS and RNS, reduction in the
pro-apoptotic marker caspase-9, and was the only extract to significantly increase the expression of
all three trophic factors analyzed; NRF2, NGF and VEGF.

3.4. In vitro Results of Sage in combination with Rutin

Based on the results observed in the individual botanical extracts, sage (Salvia officinalis)
standardized in 4% rosmarinic acid revealed to present the most noticeable effects on reducing
oxidative stress and cell death, while increasing the gene expression of trophic factors implicated in
neuronal survival.

Next, in vitro studies were performed related to the potential effect of sage in promoting
neuronal function. Specifically, brain-derived neurotrophic factor (BDNF) protein expression was
analyzed in human neural stem cells, and acetylcholine esterase (AChE) activity was analyzed in
mouse hippocampal cells.

BDNF presents numerous effects in the nervous system, and is especially relevant for learning
and memory, particularly long-term memory [15]. Based on this premise, the expression of this
trophic factor in neural stem cells exposed to sage extract was analyzed (Figure 6). Furthermore, the
combination of sage with rutin, at a 65:35 ratio, was also assessed and compared. Rutin is a phenolic
compound with multiple health benefits, including potential neuroprotective effects [14,16]. The
reason for this was to evaluate if the combination of these two extracts could have possible
complementary effects. The concentrations of the extracts in culture were chosen based on MTT
analysis (data not shown).

BDNF Sage Sage:Rutin
1.5+ o 1.6
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3 T E:
w 104 - - -
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®
] :
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0.0- T
O &b
§
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Figure 6. Expression of BDNF in NSC cultured in the presence of sage or sage/rutin extract. **
p<0.01.

As a result, it was observed that sage extract presented a tendency, but not quite significant
(p=0.11), effect in increasing BDNF protein levels. However, when combined with rutin, BDNF
expression was significantly increased, confirming a potential combinatory effect.

Finally, AChE activity was assessed in mouse hippocampus cells with the combination of sage
and rutin (Figure 7). The results here showed that AChE activity was significantly reduced by
approximately 63.4% at the highest dose and 35.2% at the lowest, confirming the inhibitory effect of
the combination in hippocampal cell cultures.
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Figure 7. AChE activity in hippocampal cell cultures, in the presence of sage/rutin at different
concentrations. * p<0.05, ***p<0.005.

3.5. Clinical Trial Results

The combinatorial formula of sage and rutin was tested in healthy human volunteers, aged 50+,
with mild cognitive impairment as assessed by the MoCA test. The study subjects were randomly
assigned to take one of the three capsules: placebo, sage/rutin at 250mg, and sage/rutin at 400mg
(branded as Mindrevive®). They were instructed to take the capsules daily, during the morning, for
84 days. MoCA and ADAS-Cog tests, which are standardized questionnaires to assess mild cognitive
impairment [17,18], were conducted at baseline, week 6 and end of the study (week 12).

3.5.1. MoCA Test

The overall score obtained through the MoCA test can be found in Figure 8. Baseline values
revealed that the subjects presented mild cognitive impairment, with values below 26 (from a total
of 30) [17]. Briefly, all study groups, including placebo, significantly improved compared to their
baseline values, at weeks 6 and 12. However, the higher dose of sage and rutin revealed a significant
improvement comparing week 6 and 12, which was not observed in the placebo group nor in the
lower dose. This suggests that from baseline to week 6 there was an acquired learning process, but
from week 6 to 12 there is no significant improvement, and that the improvement observed in the
higher dose is due to the product’s effect.

MoCA Score

30 *

" [ |
26

24

2

20

1] 6 12

W Placebo ™ Nootropic 250mg  ® Nootropic 400mg

Figure 8. MoCA general score of the healthy volunteers. * p<0.05.
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The MoCA test assesses 7 aspects of memory: short-term memory recall, visuospatial memory,
executive function, attention/concentration, language, abstract reasoning and orientation in time and
place. These aspects were analyzed independently to evaluate the product’s main area of effect (Table

2).
Table 2. MoCA subscore assessment. *p<0.05, **p<0.01, **p<0.005, +p<0.05 vs. placebo.
MoCA Week 0 Week 6 Week 12
subscores
Placebo: 2.14 +/- 1.27
Short-t Placebo: 1.64 +/- 1.40 Placebo: 1.90 +/- 1.26 Nootropic 250mg: 2.83 +/-
m:r;orerzcauNootropic 250mg: 2.10 +/- 147 Nootropic 250mg: 2.78 +/- 1.43* 1.32*%*+
y Nootropic 400mg: 1.67 +/- 1.04 Nootropic 400mg: 1.77 +/- 1.48 Nootropic 400mg: 2.51 +/-
1.240%
Placebo: 2.98 +/- 1.05 ***
Visuospatial Placebo: 2.76 +/- 0.37 Placebo: 2.88 +/- 0.22 *** Nootropic 250mg: 2.88 +/-
merlrl’lorp Nootropic 250mg: 2.83 +/- 0.30 Nootropic 250mg: 2.88 +/- 0.22**0.22***
y Nootropic 400mg: 2.87 +/- 0.23 Nootropic 400mg: 2.92 +/- 0.14 Nootropic 400mg: 2.92 +/-
0.14***
Placebo: 4.26 +/- 0.74 *** Placebo: 4.00 +/- 0.71 ***
Executive Placebo: 3.55 +/- 0.99 Nootropic 250mg: 4.20 +/-Nootropic 250mg: 4.28 +/-
function Nootropic 250mg: 3.83 +/- 0.90 0.68*** 0.73***
Nootropic 400mg: 3.44 +/- 0.97 Nootropic 400mg: 4.23 +/-Nootropic 400mg: 4.31 +/-
0.63*** 0.75%**
Attention Placebo: 4.67 +/- 1.19 Placebo: 4.71 +/- 1.09 Placebo: 4.88 +/- 1.05
concentra,tion Nootropic 250mg: 4.70 +/- 1.16 Nootropic 250mg: 4.70 +/- 1.06 Nootropic 250mg: 4.93 +/- 0.95
Nootropic 400mg: 4.87 +/- 1.00 Nootropic 400mg: 4.64 +/- 1.23 Nootropic 400mg: 4.82 +/- 1.15
Placebo: 2.45 +/- 0.63 Placebo: 2.69 +/- 0.46 * Placebo: 2.60 +/- 0.52
Language  Nootropic 250mg: 2.55 +/- 0.56 Nootropic 250mg: 2.68 +/- 0.49* Nootropic 250mg: 2.55 +/- 0.54
Nootropic 400mg: 2.41 +/- 0.60 Nootropic 400mg: 2.46 +/- 0.55 Nootropic 400mg: 2.44 +/- 0.64
. _ £
Placebo: .1.88 +/-0.21 Placebo: 1.81 +/- 0.31
Placebo: 1.71 +/- 0.42 Nootropic 250mg: 1.88 - .
Abstract . et Nootropic 250mg: 1.85 +/- 0.26
reasonin Nootropic 250mg: 1.75 +/- 0.39 0.23 Nootropic  400mg:  1.92  +/-
& Nootropic 400mg: 1.77 +/-0.36 Nootropic 400mg: 1.95 +/- . ool & -
010+ 0.14
Placebo: 5.95 +/- 0.09 *** Placebo: 5.98 +/- 0.05***
Orientation inPlacebo: 5.98 +/- 0.05 Nootropic 250mg: 598 +/-Nootropic 250mg: 5.98 +/-
time andNootropic 250mg: 5.88 +/- 0.22 0.05*** 0.05%**
place Nootropic 400mg: 5.95 +/- 0.10 Nootropic 400mg: 6.00 +/-Nootropic 400mg: 5.97 +/-
0.00*** 0.05***

Regarding intragroup analysis, all three groups revealed significant improvements throughout
time in the following aspects: visuospatial memory, executive function, and orientation in time and
space. However, there were certain aspects where only the experimental groups revealed significant
improvements compared to baseline values: short-term memory recall (250mg at week 6 and 12,
400mg at week 12 only) and abstract reasoning (400mg at week 12 only). No significant differences
were observed in attention nor in language (except for a slight but significant improvement in the
placebo and 250mg groups at week 6).

As for intergroup analysis, a significant effect was observed only in the 250mg group regarding
short term memory recall, at week 12.

Therefore, the results seem to indicate that the overall MoCA score seems to improve
significantly after 12 weeks of intake when consuming the 400mg dose. Regarding the subcategories,
the 250mg dose contributes to improve short-term memory recall only (starting at week 6), while the
400mg contributes to improve both short-term memory recall and abstract reasoning after 12 weeks
of intake.
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3.5.2. ADAS-Cog Test

The ADAS-Cog test was also assessed at baseline, 6 weeks and 12 weeks of intake (Figure 9). At
baseline, it was observed that the subjects were healthy at the cognitive levels, with average values
below 17 (values above 17 indicate cognitive impairment) [18]. Intragroup analysis revealed that the
placebo group did not present any significant differences with respect to baseline. On the other hand,
the experimental product, at both doses, revealed significant improvements. Specifically, the 250mg
dose revealed a significant improvement compared to baseline at 12 weeks of intake, while the 400mg
dose significantly improved ADAS-Cog scores at both 6 and 12 weeks. With respect to the intergroup
analysis, at week 12 it was observed that the groups consuming the experimental product presented
significantly lower results than the placebo. No significant difference was observed comparing the
250mg and 400mg dose. Therefore, this suggests that the product at either dose can help improve this
test after 12 weeks of intake.

ADAS-Cog Score

| “ |
- NN I |

u Placebs m Nootropic 250mg  m Nootropic 400mg

=

Figure 9. ADAS-Cog Scores. 1 p<0.05 vs. placebo.

The ADAS-Cog questionnaire analyzes 3 types of memory, subdivided into a total of 11 items:
memory and new learning (word recall, orientation, word recognition, remembering test
instructions), language (commands, spoken language ability, naming objects, word-finding
difficulty, comprehension) and praxis (constructional and ideational).

When analyzing the 3 types of memory, it was revealed that the product significantly improved
language skills (after 6 weeks of intake) and praxis (after 12 weeks of intake), when comparing to the
placebo group (Figure 10). No significant effect vs. placebo was detected in the memory and learning
category.
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Memory and Learning

Language

Praxis

“ ™

Figure 10. ADAS-Cog subscores. T p<0.05 vs. placebo.

Analysis of each individual item was also performed (Table 3). Briefly, there were several items
where all study groups significantly improved throughout time, with no difference among the
groups: orientation, spoken language ability, word-finding difficulty, comprehension, and naming
objects/fingers. Also, there were certain items where the experimental groups improved throughout
time, but the placebo group remained unchanged: word recall (both 250mg and 400mg at week 6,
only 400mg at week 12), word recognition (250mg only, week 6), and commands (both doses at week
6, only 250mg at week 12).

Table 3. Average values obtained by the individual items of the ADAS-Cog test. *p<0.05, **p<0.01,
***p<0.005, 1p<0.05 vs. placebo, t11p<0.005 vs. placebo, ®p<0.05 nootropic 400mg vs 250mg.

ADAS-Cog Week 0

Week 6 Week 12
Item

Placebo: 4.06 +/- 0.93
Placebo: 4.28 +/- 1.05 Placebo: 3.91 +/- 1.07 Nootropic 250mg: 3.81 +/-
Word Recall Nootropic 250mg: 4.34 +/- 0.83 Nootropic 250mg: 3.68 +/- 0.94* 1.261++t
Nootropic 400mg: 4.41 +/- 0.78 Nootropic 400mg: 3.82 +/- 0.99* Nootropic 400mg: 3.66 +/-
1.07+++
Orientation  Placebo: 0.19 +/- 0.34 Placebo: 0.00 +/- 0.00*** Placebo: 0.02 +/- 0.05***
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Nootropic 250mg: 0.53 +/- 0.17 Nootropic 250mg: 0.00 +/-Nootropic 250mg: 0.05 +/-
Nootropic 400mg: 0.17 +/- 0.310.00*** 0.09***
Nootropic 400mg: 0.03 +/-Nootropic 400mg: 0.03 +/-
0.05*** 0.05%**

Placebo: 1.45 +/- 0.79

Placebo: 1.63 +/-1.16

Placebo: 1.45 +/- 1.10

Iv{i?(;d Hition Nootropic 250mg: 1.31 +/- 0.77 Nootropic 250mg: 1.59 +/- 0.95* Nootropic 250mg: 1.18 +/- 0.88
& Nootropic 400mg: 1.28 +/- 0.69 Nootropic 400mg: 1.56 +/- 0.11 Nootropic 400mg: 1.23 +/- 0.79
Remembering Placebo: 0.69 +/- 0.72 Placebo: 0.37 +/- 0.55 Placebo: 0.57 +/- 0.71
Test Nootropic 250mg: 0.78 +/- 0.85 Nootropic 250mg: 0.63 +/- 0.81 Nootropic 250mg: 0.55 +/- 0.81
Instructions Nootropic 400mg: 0.59 +/- 0.69Nootropic 400mg: 0.46 +/- 0.64 Nootropic 400mg: 0.53 +/- 0.72
Placebo: 0.19 +/- 0.34 Eigifs i(i '262;')21'4.1 010 4/ Flacebo:0.12+/-0.21
Commands Nootropic 250mg: 0.35 +/- 0.52 0.18% P & U Nootropic 250mg: 0.05 +/- 0.10**
i . _ ° o . _ *
Nootropic 400mg: 0.15 +/- 0.25 Nootropic 400mg: 0.10 +/- 0.18+ Nootropic 400mg: 0.21 +/- 0.33
Placebo: 0.00 +/- 0.00*** Placebo: 0.00 +/- 0.00***
Spoken Placebo: 0.29 +/- 0.48 Nootropic 250mg: 0.00 +/-Nootropic 250mg: 0.00 +/-
Language Nootropic 250mg: 0.35 +/- 0.58 0.00*** 0.00%**
Ability Nootropic 400mg: 0.37 +/- 0.57Nootropic  400mg: 0.00 +/-Nootropic 400mg: 0.00 +/-
0.00%** 0.00%**
Placebo: 0.00 +/- 0.00***
Pl : 0. - 0.00***
Wordfindin P13€eD0: 0.6 4/-0.96 Nootropic 250mg: 0.00 + szif: IOC 22, g r/n 0 %005 -
Difficult ® Nootropic 250mg; 0.63 +/- 088 0.00* Nootropic 40051 Y
Y Nootropic 400mg: 0.73 +/- 0.93 Nootropic 400mg: 0.00 +/- . P &
0.00%** '
Placebo: 0.00 +/- 0.00*** Placebo: 0.00 +/- 0.00***
Comprehensi Placebo: 0.36 +/- 0.56 Nootropic 250mg: 0.00 +/-Nootropic 250mg: 0.03 +/-
on P Nootropic 250mg: 0.48 +/- 0.76 0.00*** 0.05%**
Nootropic 400mg: 0.44 +/- 0.64 Nootropic 400mg: 0.00 +/-Nootropic 400mg: 0.00 +/-
0.00*** 0.00%**
Placebo: 0.50 +/- 0.69*** Placebo: 0.40 +/- 0.58***
Naming Placebo: 0.95 +/- 1.09 Nootropic 250mg: 0.43 +/-Nootropic 250mg: 0.39 +/-
objects/ Nootropic 250mg: 1.15 +/- 1.01 0.60*** 0.48***
fingers Nootropic 400mg: 0.88 +/- 0.81 Nootropic 400mg: 0.30 +/-Nootropic 400mg: 0.18 +/-
0.48** 0.31%**
Placebo: 0.55 +/- 0.69*** Placebo: 0.62 +/- 0.68***
Constr CtionaPla(:ebo: 1.31 +/- 0.95 Nootropic 250mg: 0.73 +/-Nootropic 250mg: 047 +/-
) Praxisu Nootropic 250mg: 1.30 +/- 1.11 0.65*** 0.65***
Nootropic 400mg: 1.39 +/- 0.71 Nootropic 400mg: 0.50 +/-Nootropic 400mg: 0.41 +/-
0.58** 0.55%**e
Ideational Placebo: 0.48 +/- 0.68 Placebo: 0.29 +/- 0.44 Placebo: 0.55 +/- 0.63
Praxis Nootropic 250mg: 0.53 +/- 0.76 Nootropic 250mg: 0.43 +/- 0.55 Nootropic 250mg: 0.53 +/- 0.64

Nootropic 400mg: 0.37 +/- 0.55 Nootropic 400mg: 0.45 +/- 0.59 Nootropic 400mg: 0.31 +/- 0.47

The items with intergroup differences were: word recall (both 250mg and 400mg at week 12)
and commands (both 250mg and 400mg at week 6). Also, a significant improvement was observed in
constructional praxis at week 12 when comparing the nootropic at the 400mg dose vs 250mg.

Therefore, overall the results of the ADAS-Cog test reveals that both 250mg and 400mg
contribute to significantly improve the global score after 12 weeks of intake, compared to placebo.
Compared to baseline, both doses revealed significant improvements, with a dose-dependent
response. Regarding the types of memory, both doses seem to significantly improve Language (at
week 12) and Praxis (at week 6), compared to placebo. As for the analysis of the individual items,
both doses contribute to improve the word recall item of the Memory and Learning category (at week
12), and the command item in the Language category (at week 6) when comparing to placebo. Word
recall (both doses), word recognition (250mg only) and commands (both doses) significantly
improved versus baseline values in the experimental groups.
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4. Discussion

In this study, we assessed the antioxidant and protective effects of 9 different botanical extracts
on human Neural Stem Cells (NSC), using the ROS/RNS antioxidant assay. Additionally, we also
evaluated the protective capacity of different products measuring gene expression regulation after
H202-induced toxicity in NSC.

The botanical extracts chosen for the analysis was based on a bibliographical review of potential
candidates, where both preclinical and clinical studies have been performed in patients with
dementia as well as healthy older adults. Both Vaccinium myrtillus (bilberry) and Vaccinium
angustifolium (blueberry) were selected because they are rich in anthocyanins, which have been
demonstrated to display anti-inflammatory and neuroprotective properties [19,20]. Specifically,
bilberry anthocyanins have been shown to help reduce inflammation in aging rats [21]. Blueberries
have been tested in a clinical setting on several occasions, with significant improvements observed in
cognitive performance, execution and greater brain activity [22-25]. Bacopa monnieri (bacopa)
contains bacosides, which have been shown to possess anti-inflammatory and antioxidant properties
in the brain [26]. Clinical trials in patients with Alzheimer’s disease revealed significant results in
various aspects of the MMSE [27], while studies in healthy adults revealed more limited results [28—
32]. Salvia officinalis (sage) may not be as well known as other popular nootropics such as the bacopa
or ginkgo biloba, but there is previous evidence that its components can act upon the brain through
several mechanisms, including antioxidant/anti-inflammatory effects, cholinergic activity, trophic
factor release and on amyloid-beta [33]. A few clinical studies have shown positive results in
cognitive health [34-36and mood both in patients with Alzheimer’s disease and healthy older adults
[34-36]. Crocus sativa stigmas (saffron) contain safranal and crocins [37], and is suggested to exert its
effect on the brain through its antioxidant properties. Several clinical studies have also been
conducted in both patients with Alzheimer’s disease and healthy adults, with results in both
cognitive health and mood [38—41]. Rhodiola rosea (arctic root) is considered an adaptogen and is
suggested to possess neuroprotective properties [42,43]. Clinical results with this botanical have
shown positive effects related to mood and mental performance [44—46]. Ginkgo biloba is one of the
most widely known and studied botanical extracts for cognitive health, and meta-analysis and
systemic reviews revealed that it could be effective to improve memory, concentration, fatigue, stress
and mood [47,48]. The same can be said with Panax ginseng [48,49]. Lastly, Centella asiatica (gotu
kola) contains asiaticosides, which has been shown to possess neuroprotective properties mainly by
reducing amyloid-beta deposition [50]. Clinical trials are less abundant with gotu kola despite
positive results observed in healthy older adults [51].

The in vitro results indicated that only blueberry, sage and arctic root revealed a significant
antioxidant effect, while the other extracts either did not have an effect or were even pro-oxidant
(such as saffron and ginkgo). As for trophic factor release, sage was the only extract to increase the
expression of all the factors analyzed: Nrf2, NGF and VEGF. For this reason, Salvia officinalis, or sage,
standardized at 4% rosmarinic acid, was chosen as the main ingredient for a nootropic formula.

After selecting Salvia officinalis as the candidate botanical extract, tests were conducted
analyzing sage and in combination with rutin, a polyphenol with known nootropic properties [14,16].
The results reveal an enhanced effect in increasing BDNF production when combining sage with
rutin. BDNF is considered one of the most important molecules implicated in memory [52]. Studies
revealed that low BDNF levels could be a biomarker for early dementia diagnosis, especially
Alzheimer’s disease [53]. Increasing BDNF expression is one of the emerging therapeutic strategies
for dementia [54]. In this respect, a botanical extract that increases BDNF may be a plausible solution
to delay the progression in older adults with predementia. Studies have shown that compounds
present in sage can increase BDNF expression [55].

The botanical blend also contributed to increase AChE inhibition in hippocampal cells, which is
a potential biomarker for dementia. One of the suggested hypotheses for Alzheimer’s disease onset
is due to the low levels of neurotransmitters such as acetylcholine, which causes memory loss and
cognitive decline [56]. Cholinesterases, particularly acetylcholinesterase (AChE), breaks down
cholinesterase and subsequently inhibits neurotransmission in cholinergic neurons. There are
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numerous natural botanicals that could potentially contribute to improve Alzheimer’s disease
progress, including by inhibiting AChE [57].

There are several studies suggesting that components present in Salvia officinalis may help
lower AChE activity [58-61]. This includes in vitro and animal studies, and several components,
including rosmarinic acid, have been identified to be involved in this AChE inhibition. This inhibiting
effect has been clinically shown to help improve memory, anxiety and mood in older adults [62,63].
However, the studies demonstrated the short-term effect of the extract in the few hours after
consumption, and a longer exposure to the extract was not assessed.

Once the final formula was defined, a clinical trial in healthy older adults was conducted using
2 different doses, 250mg and 400mg, and compared to a placebo. Two questionnaires were conducted
in the clinical study: MoCA and ADAS-Cog. The results of the MoCA test revealed significant
improvements with the 400mg dose when comparing the intermediate measurement (week 6) with
the end of the study (week 12). When analyzing the 7 individual categories, both doses contribute to
improve short term memory recall, while abstract reasoning seemed to improve only in the 400mg
dose.

As for the ADAS-Cog test, the results revealed that both doses significantly improved the global
score after 12 weeks of intake, compared to placebo. Intragroup analysis revealed significant
improvements only in the experimental product, with earlier significant results observed at the
higher dose. Regarding the types of memory, both doses seem to significantly improve Language (at
week 12) and Praxis (at week 6), compared to placebo. As for the analysis of the individual items,
both doses contributed to improve Word Recall and Commands compared to both baseline values
and vs placebo, with Word Recognition also detected in the 250mg dose only when compared to
baseline.

Overall, the results of the clinical trial suggests that the combination of sage and rutin may help
improve short-term memory recall. In this test, the subjects must perform two learning trials and then
try to recall them after 5 minutes. A significant improvement in this test may suggest improved
learning skills, with increased focus and concentration. Memory recall is usually one of the first traits
where impairment appears while aging [64]. This result may indicate improvements in memory
retention and increased focus and concentration. Interestingly, a significant improvement in abstract
reasoning was also detected. Abstract reasoning generally decreases in older age, as opposed to other
forms of creativity which seem to maintain stable [65]. Finally, the results in the ADAS-Cog suggest
improvements in language and praxis, which are more related to long-term memory skills. As ADAS-
Cog is generally reserved for later stages of dementia, individuals with mild cognitive impairment
generally score at ceiling (a score of 0 in the ADAS-Cog) on 8 of the 11 times tested [66].

5. Conclusions

The analysis of various botanical extracts on their effectiveness in reducing ROS/RNS, enhancing
cell survival and increasing the expression of several trophic factors in neural stem cells submitted to
oxidative stress revealed that Salvia officinalis extract was the most efficient of the extracts analyzed.
This extract, when combined with rutin, revealed additional benefits. The use of this blend in a
clinical setting revealed significant improvements in certain memory capabilities in older adults with
mild cognitive impairment.
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