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- Introduction

— « Around 55 million of people were
A heavy burden . . o .
diagnosed with dementia in 2020, with
Global dementia prevalence, m Dementia prevalence, 2019-50 forecast, . orye
o0 increase e e forecasts reaching 78 million by 2030

FORECAST | [ . -

and 153 million in 2050.

95% confidence interval

\ 90

60 + Alzheimer's disease (AD) is the main
Female N neurodegenerative disorder and
Male represents nearly 60-70% of dementia

0

1990200010 20 30 40 50 cases.

Source: “Estimation of the global prevalence of dementia in 2019 and forecasted prevalence in 2050: an analysis
for the Global Burden of Disease Study 2019", by Emma Nichols et al,, Lancet, 2022
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‘ No cure for AD

Existing palliative treatment consists of
the use of drugs such as galantamine

and rivastigmine, used to increase the

acetylcholine neurotransmitter.

Brain Cross-Sections

‘.Multichtoriql disease

Nowadays, AD Is considered a

Language

AD affects to .. . .
iIrreversible and

Cognitive function

Thinking abillities

Performing daily activities

Normal Alzheimer's

progressive,

incurable disease, mainly due to their

complex and multifactorial nature.
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INn this context..

n e

LOW-GENETIC
FACTORS
Lifestyle, diet,

surrounding environment

Natural products from plants are gaining importance
as a source of bioactive molecules with high

pharmacological and/or nutraceutical value and

neuroprotective potential

In particular, some by=-products from agri-food industry
have shown great potential for revalorization and generation

of high added value products, due to their content in

Andrade et al. (2019) Int. ]. Mol. Sci, 20, 2313
Zhang T et al. (2020) Alzheimer’s Dis 78, 887-904
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According to the UN Environment Programme's Food Waste Index Report
2021, nearly one billion tonnes of food is wasted globally each yearr.

Traditionally, food waste is incinerated or
disposed Iin landfills with the subsequent By-products use behavior
airfwater  pollution, and  soil/food
contamination

Currrent situation Expected situation

) Prevention

Reuse

\ Recycle

Valorization

Revalorization of agricultural by-products
has been suggested as a major opportunity /
to reduce the environmental impact and to
Improve the economical exploitation of new
products such as nutraceuticals or
functional foods

Elimination



_
OBJECTIVE

To evaluate the neuroprotective potential
against AD of extracts rich in bioactive
compounds obtained from food by-
products, plants and algae.
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Extraction of bioactive compounds
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Characterization of bioactive
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NEUROPROTECTIVE ASSESSMENT ¢ 3

Biological evaluation of bioactive compounds against Alzheimer s disease hallmarks

@Cholinergic enhancement @ Neuroinflammation @ Antioxidants CNS accessible

4MP
AChE [ BChE -{ °\° }'

Inhibition LOX Inhibition ABTS — ROS - RNS Blood—brain barrier

(BBB) MODEL
C.elegans in vivo

AD model

Antioxidant Free radical Healthy cell

@ Cytotoxicity assay
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Sustalnable

Chemistrys Engineering

@ Cholinergic enhancement

Compressed CO, Technologies for the Recovery of Carotenoid-
Enriched Extracts from Dunaliella salina with Potential
Neuroprotective Activity

Monica Bueno, Clementina Vitali, Jose David Sanchez-Martinez, José Antonio Mendiola,
Alejandro Cifuentes, Elena Ibanez, and Miguel Herrero™*

(enzyme)

1| Cite This: ACS Sustainable Chem. Eng. 2020, 8, 1141311423 Read Online

— thiocholine + acetate

thiocholine + dithiobisnitrobenzoate > yellow color

acetylthiocholine

ACCESS I [l Metrics & More I Article Recommendations @ Supporting Information

ABSTRACT: Natural carotenoids from microalgae have attracted huge interest for

their potential health benefits. Among microalgae species with high carotenoid f i|i @ \
content, Dunaliella salina has been highlighted since it is able to accumulate relatively »

high amounts of ff-carotene and other carotenoids of industrial interest when grown ‘ gresh exiincion

under specific conditions. In the present contribution, extractions based on carbon

dioxide under sub- and supercritical conditions have been optimized to improve the
recovery of carotenoids and extract purity from D. salina. An experimental design was characterization
employed to investigate the effect of pressure and temperature variations ranging from d
250 to 400 bar and from 15 to 45 °C, respectively. The chemical characterization of 3

the carotenoid extracts was carried out by high-performance liquid chromatography / l ) d i

with diode-array detection (HPLC—DAD). Moreover, inhibition of the acetylcho-

linesterase activity of all of the extracts was measured using a recently developed in vitro fluorescence methodology. High carotenoid
yield and purity were obtained at 302—313 bar and 45 °C. Nine carotenoids were identified and three other compounds were
recognized as carotenoids and quantified. Acetylcholinesterase activity inhibition could be satisfactorily explained by a partial least-
squares model (63% explained variance in cross-validation) built considering the chemical composition of the different extracts. The
model indicates a positive effect of lutein and 15-cis-ff-carotene, the negative effect of zeaxanthin and cryptoxanthin, and the ratio of
9-cis-fi-carotene/all-trans-f-carotene and 9-cis-f-carotene/total carotenoids in the inhibition of acetylcholinesterase enzyme.

KEYWORDS: f-carotene, carotenoids, compressed CO, extractions, Dunaliella salina, in vitro fluorescence AChE methodology

Ellman colorimetric method 1961

D. salina
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@ Neuroinflammation
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Antioxidant Free radical Healthy cell

Free radical :
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nature
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Miller et al., (2022) Nature, 604(7907), 714-722
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Extracts

CNS accessible
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@ Cytotoxicity assay

NEUROPROTECTIVE POTENTIAL AGAINST NEUROTOXIC AGENTS

INFLAMMATORY RESPONSES
IL-6, IL-1B and TNF-a

THP-1 monocytes

Proximal tubular
epithelial cells

Formazan CH,
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C.elegans in vivo

AD model Caenorhabditis elegans

ug) BIOLOGICAL PROPERTIES Invertebrate animal

Homology of 80% with the
human genome

" Rapid

. Cheap
Short life cycle Low ethical limitations ‘

BN, 9

Adulthood in 3 days

o
TR

A O

\4 ' g Easy cultivation
Mammalian models
Life expectancy

Rapid reproduction 21 days at 25°C

Laborious
Expensive

Ethical limitations

Hermaphrodite
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C.elegans in vivo

AD model

Mechanism
of disease

Foodomics evaluation

Transcriptomics
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Meta-analysis
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PART I

Results and Discussion

PART II

PART III

Study of the neuroprotective

potential of extracts from orange by-

products.

100%

Other natural matrices as d
source of neuroprotective
compounds and their transport
across the BBB.

? frontiers
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Foodomics study of the
neuroprotective effect of extracts on
C. elegans as an in vivo model of AD
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Results and Discussion

PART I

Study of the neuroprotective
potential of extracts from orange by-
products.
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Spain is the largest producer in the European
Union and the Sixth in the world.

e

Orange juice production process generated
high amount of pulp, peel and seeds.

Citrus wastes reach 24.3 million
tons per year from which, 1.3
million tons correspond to
Spain
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Spain is the largest producer in the European
Union and the Sixth in the world.

< e SRR i
L e 5% g 5 e~
A58 e N, T

Vitamins
A, C, B3 B2 B4, E (tocopherols)
Phenolic compounds

Cinnamic acid, hesperidin, tangeritin

Terpenes

Limonene, valencene, squalene

Orange juice production process generated

high amount of pulp, peel and seeds. Phytosterols

Campesterol, sitosterol, stigmasterol

Citrus wastes reach 24.3 million
tons per year from which, 1.3

million tons correspond to
Spain Orange |juice by-products have
been considered a wide source J

of bioactive compounds

4
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Conventional extraction
Maceration

Ethyl Acetate Ethanol Acetone N-heptane
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Conventional extraction
Maceration

y

Ethyl Acetate Ethanol Acetone N-heptane



IC& Antienzymatic activity
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IC& antioxidant activity

ROS

o"& &’5& @*& °°+ ?.éb

o 2 N ) &
(& VS' @Q 2\ N

As Q nS RN

& & N 5
G < & v
o g >
3 o
O

Extract and positive control



R & D: Part | Study of the neuroprotective potential of extracts from orange by-products

- IC& antioxidant activity
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GC-Q TOF-MS/MS
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Ret. time Tentative Match
o — Peak no  (min) Family identification Formula factor (%)
O 1 5.856 Monoterpene Limonene C10H16 86
o 2 6.688 Monoterpene 3-Carene C10H16 75
3 7.164 Monoterpene  (—)Myrtenol C10H160 88
4 8.046 Monoterpene r-a-Terpineol C10H180 68
5 8.395 Monoterpene Nerol C10H180 92
6 10.075 Monoterpene Limonene epoxide C10H160 73
7 10.480 Sesquiterpene  o-Copaene C15H24 82
8 10.631 Sesquiterpene  [(-Elemen C15H24 91
9 11.074 Sesquiterpene  p-Caryophyllene-1 C15H24 86
10 11.191 Sesquiterpene  Farnesene C15H24 85
11 11.342 Sesquiterpene ?-Pmp"“ C15H24 73
12 11.419 Sesquiterpene  p-Caryophyllene-2 C15H24 72
13 11.778 Sesquiterpene  f(-Panasinsene C15H24 76
14 11.875 Sesquiterpene  (—)-Aristolene C15H24 85
15 11.998 Sesquiterpene  Valencene C15H24 93
. 16 12.033 Sesquiterpene  y-Selinene C15H24 81
17 12.116 Sesquiterpene  &-Cadinene C15H24 80
18 12.267 Sesquiterpene  Isoledene C15H24 80
GC-Q-TOEF-MS/MS 19 12.324 Sesquiterpene  (—)-a-Panasinsen C15H24 87
20 12.649 Sesquiterpene  Elemol C15H260 84
Fatty acids 21 13.598 Sesquiterpene  Guaiol C15H260 70
0 ! 33 y-Sitosterol 22 14.068 Sesquiterpene  a-Gurjunenepoxide  C15H24 85
14 1 23 14.292 Sesquiterpene  [(-Sinensal C15H220 78
s ] 24 14.410 Sesquiterpene  (-Oplopenone C15H240 69
' . 25 15.214 Sesquiterpene  Isololiolide C11H1603 81
12 1 26 15.617 Sesquiterpene  Nootkatone C15H220 86
11 | 27 15.751 Sesquiterpene  Ylangenal C15H220 77
' 15 Valencene 28 24.062 Tritepene Squalene C30H50 92
* \4 29 25.759 Tritepene y-Tocopherol C28H4802 89
09 30 26.272 Tritepene o-Tocopherol C29H5002 94
31 26.992 Tritepene Campesterol C28H480 86
>8] o 32 27.157 Tritepene Stigmasterol C29H480 89
0.7 1 33 27.548 Tritepene y-Sitosterol C29H500 88
06 | 34 27.639 Tritepene Fucosterol C29H480 90
35 27.874 Tritepene Lupeol C30H500 65
05 ] L-a-Terpineol 36 28.186 Tritepene p-Amyrin C30H500 87
04 - X ? 37 35.471 Tritepene 8-Tocopherol® C28H4802 72
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Ret. time Tentative Match
Peak no  (min) Family identification Formula factor (%)
1 5.856 Monoterpene Limonene C10H16 86
2 6.688 Monoterpene 3-Carene C10H16 75
3 7.164 Monoterpene  (—)Myrtenol C10H160 88
4 8.046 Monoterpene r-a-Terpineol C10H180 68
5 8.395 Monoterpene Nerol C10H180 92
6 10.075 Monoterpene Limonene epoxide C10H160 73
7 10.480 Sesquiterpene  o-Copaene C15H24 82
8 10.631 Sesquiterpene  [(-Elemen C15H24 91
9 11.074 Sesquiterpene  p-Caryophyllene-1 C15H24 86
10 11.191 Sesquiterpene  Farnesene C15H24 85
11 11.342 Sesquiterpene ?-Pmp"“ C15H24 73
12 11.419 Sesquiterpene  p-Caryophyllene-2 C15H24 72
13 11.778 Sesquiterpene  f(-Panasinsene C15H24 76
14 11.875 Sesquiterpene  (—)-Aristolene C15H24 85
15 11.998 Sesquiterpene  Valencene C15H24 93
16 12.033 Sesquiterpene  y-Selinene C15H24 81
17 12.116 Sesquiterpene  &-Cadinene C15H24 80
18 12.267 Sesquiterpene  Isoledene C15H24 80
19 12.324 Sesquiterpene  (—)a-Panasinsen C15H24 87
20 12.649 Sesquiterpene  Elemol C15H260 84
21 13.598 Sesquiterpene  Guaiol C15H260 70
22 14.068 Sesquiterpene  a-Gurjunenepoxide  C15H24 85
23 14.292 Sesquiterpene  [(-Sinensal C15H220 78
24 14.410 Sesquiterpene  (-Oplopenone C15H240 69
25 15.214 Sesquiterpene  Isololiolide C11H1603 81
26 15.617 Sesquiterpene  Nootkatone C15H220 86
27 15.751 Sesquiterpene  Ylangenal C15H220 77
28 24.062 Tritepene Squalene C30H50 92
29 25.759 Tritepene y-Tocopherol C28H4802 89
30 26.272 Tritepene o-Tocopherol C29H5002 94
31 26.992 Tritepene Campesterol C28H480 86
32 27.157 Tritepene Stigmasterol C29H480 89
33 27.548 Tritepene y-Sitosterol C29H500 88
34 27.639 Tritepene Fucosterol C29H480 90
35 27.874 Tritepene Lupeol C30H500 65
36 28.186 Tritepene p-Amyrin C30H500 87
37 35.471 Tritepene 8-Tocopherol® C28H4802 72



R & D: Part | Study of the neuroprotective potential of extracts from orange by-products

Parallel artificial membrane permeability assay for the
Best blood-brain barrier (PAMPA-BBB)

Xt rd Ct Limonene Valencene Squalene a-tocopherol
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Response surfaces of each response variables and their corresponding Standardized Pareto charts.
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(IC 50 pug/mL) | %
Extract | AChE i BChE i LOX . ABTS | ROS-ORAC | RNS " Yield

Op;'L'E‘f(')gLE : 8.1 | 147.0% + 7.5 :r 10.4 : 0.8 :,_, 0.4 | 1199° + 98 ,_, 0.2

Conventional | 179.2¢ + 25.1 | 102.2° +4.5 1307+ 7.0 84.1°+ 7.7 | 55¢ + 0.1 5569+ 11 (05 + 0.0

30 min vs 24h
Heat map from Orange PLE extract and their terpenoid composition  [llEC
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— Contro J
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Enzymatic inhibition 2000 Antioxidant activity
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UHPLC-Q-TOF-MS/MS phytochemical proflling allowed

the identifcation of "3 different compounds from the
natural matrices studied

PAMPA - BBB
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Terpenoids
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(Carnosol,

carnosic acid)
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Phenolic acids
(Vanilic, Syringic and
p-coumaric acids)

Phenolic acids
(Ethyl caffeate,
gallic and p-
coumaric acids)

Phenolic acids
(Gallic and
ellagic acids)

Phenolic compunds
(Protocatechuic acid,
aromadendrin)

Oo, O° 8

O (o] [
Oo, O°s°
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~ Family compounds
A Hydroxycinnamic acids

A Hydroxybenzoic acids

R&D: Part Il Other natural matrices as a source of neuroprotective compounds and transport across the BBB.
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> Family compounds @ Flavonols @ Cyclic alcohols M Diterpenoids M Triterpenoids
A Hydroxycinnamic acids @ Flavonoid O-glycoside O O-methylated flavonoids @ Jasmonic acids || Diterpene lactones A -3,00
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v’ Along with MW and TPSA; the logP values, the presence of HBD and HBA should be also considered in BBB permeability.

v' The results of this work reinforce the neuroprotective potential of bioactive molecules such as low molecular weight terpenoids
(Cl10 and Cl5) like limonene epoxide or valencene, as well as phenolic acids and flavonoids from various natural sources, including
protocatechuic, ferulic and gallic acids, among other compounds.
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R&D: Part Ill Foodomics study of the neuroprotective effect of extracts on C. elegans as an in vivo model of AD

AChE BChE LOX ABTS ROS RNS
Extractos ICso pg/mL (+ Desviacion estandar) | >
Robinia pseudoacacia (ASFE) T423(01) | 120(00)  437(02) | 011(00) 156(0.12)  3218(358)
. AChE/BChE BBB
Dunaliella salina (DS) 189(09) 113 (12) 63.3(6.5) 16.3(2.1) 3.41(02) 698.2 (34) S everd | ext rao Ct S were ext ensl|ve |y LOX permeabilit
Orange by product (PLE 100) 137 (8.1) 147 (7.5) 76.1 (10) 13.5(0.8) 4.38 (0.4) 1199 (98) . . . ! inhbition
Olive leaf by product Sand (OL-SS) 144 (29) 183 (22) 104 (11) 82.5(1.1) 18.2(0.5) 1036 (114) eVvda | ua te d In ter ms Of I VI tro
Coffee Silverskin (PPC1) 67.2(5.3) 150 (1.0) 52.2(5.3) 6.86 (0.0) 6.95 (0.5) 838.2 (99) Nneuro p I’Ot e Ct Ve CJd p ACl ty
Rosmarinus officinalis (RSFE) 107 (8.4) 54.9 (1.5) £ 9.82(0.8) 35.6 (1.1) 451 (0.2)  95.35(6.4)
Orange by product (maceration) 179 (1.2) 118(0.3) 130(7.1) 84.1(7.8) 5.54(0.1) 556.9 (11)
Kalanchoe daigremontiana (KD) 42.9(2.3) - 826(0.7) 44.9 (0.4) - 177(02) 1.12(0.0) 348.5 (25)
Tamarillo (T33) 97.5(6.8) 85.5(2.7) 48.3(1.6) 6.33(0.0) 254(0.1) 599.7 (5.9) . .
Olive leaf by product Silica 150P SFE 270 (16) NR 139 (11) 32.6 (0.11) NR NR For in vivo AD mOdel
Passiflora mollissima by product PLE 194 (15) 206 (7.9) 146 (26) 121015 9.15 (0.8) 2921(14) C el eg ans CL4’ 76
Physalis peruviana L. by product PLE ~ [JB0S(@08)Y |[NO30@6) 4oe e 54.2 (2.4) - 153(17) 621.3(33) >
Nannochloropsis oceanica PLE 269 (19) 267 (19) 135 (15) o 112(14) 413 (3.6) 747.9 (81)
Porphyridium cruentum PLE - 668(44)  768(11) 278 (22) - 145(18) 95.2 (4.7) 902.5 (120)
Tisochrysis Iutea PLE 470(3) 146 (8.4) 28.4(2.7) 14.6 (0.0) NR NR Best extracts were selected
Haematococcus pluvialis PLE 87.1(2) 113(12) 51.8(4.5) 18.7(0.4) NR NR
American oak PLE 205 (22) 180 (9.7) 97.5(7.6) 5.58 (0.6) 1.81(0.1) - 3359 (156)
French oak PLE 151 (0.5) 151 (0.5) 33.8(2.9) - 17(00) 2.22(0.2) ND 20
Chestnut PLE 121 (1.9) 85.8 (6.5) 83.3(3.0) 4.15(0.3) 1.96 (0.2)  4210(286) " #
Cherry PLE 80.9 (5.9) 80.9 (5.9) 147 (10) 043(00)  038(00) 448.8 (11) % 70 EI.*O*
Robinia pseudoacacia PLE 794(09)  109(01)  464(03)  011(00) 159 (0.1) 3024 (121) < 'T—B 60 N
Lenga native (LPLE) 49.6 (1.0) 72.8 (4.9) 39.1(27) 4.22(0.4) 2.65(0.1) ND 8 g 44.2
Sarmiento PLE 368 (34) 381 (30) 167 (9.9) 8.81(0.6) 1.75(0.1) 1462 (194) CéJ g 20
Rasp6n PLE 60.2 (3.8) 445 (36) 288 (10) 9.74 (0.4) 2.71(0.0) 3193 (267) e ",E 40
American oak SFE 191 (12) 193 (13) 413(22) 7.43(0.8) 3.23(02) 1217 (18) S E
French oak SFE 205 (6.1) 121 (9.8) 26.8 (2.4) - 231(01) 2.97 (0.0) ND "g’ E 30
Chestnut SFE 167 (3.8) 148 (12) 66.9 (4.2) 5.07 (0.6) 3.27(0.3) 1301 (65) -8 E 20 155
Cherry SFE 80.1 (10) 67.9 (1.0) 55.6 (4.8) ©151(01)  059(0.0) 670.8 (35) - u:sn
Lenga native SFE 76.2 (0.1) 735 (4.7) 35.9 (0.4) 168002 402 (0.1) ND X 10
Sarmiento SFE 368 (34) - T22(24) 118 (9.1) 15.1(1.7) 2.97 (0.1) 1019 (72) 0
Rasp6n SFE 306 (2.2) 283 (14) 119 (8) 10.5 (1.2) 2.82(0.1) 2451 (57) CONTROL GINKGO BILOBA OLIVE LEAVE ORANGE DUNALIELLA ACACIA COFFEE

EGB761® BY-PRODUCT SALINA SILVERSKINN
Control positivo* . 040(00)  236(0.0) 125 (10) 456 (0.4)  098(0.1) 1100 (13)
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100 +—m~= <2 O O O —m-C. el ithout s
- duciony " Paralysis assay
2 g0 —&— f-amyloid induced C.
N elegans (control) Q
_§ —&—EGb 761 (100 pg/mL) .
5“ 60 extract positive control -
E —o—PLEI100 (50 pg/ml)
N~
5 40 —o—PLE100 (25 pg/mL) U
: PLEIOO
’g 20 ©—PLE100 (10 pg/mL)
N &~ PLEI00 (1 pg/mL) CL4176 Caenorhabditis elegans
20h 24h 26h 2%h 30 h (Alzheimer's disease model)

Time after induction (h)

Orange extract neuroprotects in a
dose-dependent manner against

the AB-peptide paralysis toxicity

More efficient at 50 ug/mL
compared to the Ginkgo biloba
EGb761® control extract at 100 ug/mL

RNA-Seq
lllumina NextSeq 2000

treated with orange extract

M E TA B O L | T E Carbohydrates
A N A I_YS | S Sugar alcohols
Hydroxyl acids
Polyamines
| MTBE/MeOH extraction method | Purines
Pyrimidines
Aromatics
\ / MTBE Ketone bodies
Lipid profiling Primary metabolism Organic phosphates
(+ MeOH) Org profiling Inorganic ions
CSH-ESI-Q-TOF MS/MS Organic cations
A
[ 4 h | +
Ceramides  (Cer);  Diacylglycerols  (DG); Free fatty acids W HZO ( MeO H)
(FA);Lysophosphatidylcholines  (LPC); =~ Phosphatidic acid (PA);  Proteins HILIC-ESI-Q-TOF MS / MS
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GENERAL CONCLUSION

This work shows the potential of plant/algae biomasses
and food by-products as renewable and sustainable
sources of bioactive compounds. The neuroprotective
potential of high value-added bioactive compounds from
these biomasses has been verified using in vitro assays,
permeability studies through the BBB, and Foodomics

studies using an in vivo model.

FUTURE WORK

The promising neuroprotective capacity of extracts will be
confirmed in experiments against AD in mammals; and if the

positive results are confirmed, they will be studied in humans.
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ABSTRACT: Natural carotenoids from microalgae have attracted huge interest for
their potential health benefits. Among microalgae species with high carotenoid
content, Dunaliella salina has been highlighted since it is able to accumulate relatively
high amounts of f-carotene and other carotenoids of industrial interest when grown ‘ gresi exiincion

under specific conditions. In the present contribution, extractions based on carbon "

dioxide under sub- and supercritical conditions have been optimized to improve the Desaling )
recovery of carotenoids and extract purity from D. salina. An experimental design was characterization
employed to investigate the effect of pressure and temperature variations ranging from  neuroprotective . mathematical g

250 to 400 bar and from 15 to 45 °C, respectively. The chemical characterization of actiyities: o jpedeling 4

the carotenoid extracts was carried out by high-performance liquid chromatography .L # e
with diode-array detection (HPLC—DAD). Moreover, inhibition of the acetylcho- -
linesterase activity of all of the extracts was measured using a recently developed in vitro fluorescence methodology. High carotenoid
yield and purity were obtained at 302—313 bar and 45 °C. Nine carotenoids were identified and three other compounds were
recognized as carotenoids and quantified. Acetylcholinesterase activity inhibition could be satisfactorily explained by a partial least-
squares model (63% explained variance in cross-validation) built considering the chemical composition of the different extracts. The
model indicates a positive effect of lutein and 15-cis-ff-carotene, the negative effect of zeaxanthin and cryptoxanthin, and the ratio of
9-cis-f}-carotene/all-trans-f}-carotene and 9-cis-ff-carotene/total carotenoids in the inhibition of acetylcholinesterase enzyme.

KEYWORDS: f-carotene, carotenoids, compressed CO, extractions, Dunaliella salina, in vitro fluorescence AChE methodology
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Blood-Brain Barrier Permeability
Study of Potential Neuroprotective
Compounds Recovered From Plants
and Agri-Food by-Products
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Plants and agri-food by-products represent a wide and renewable source of
bioactive compounds with neuroprotective properties. In this research, various
green extraction techniques were employed to recover bioactive molecules from
Kalanchoe daigremontiana (kalanchoe), epicarp of Cyphomandra betacea (tamarillo),
and cooperage woods from Robinia pseudoacacia (acacia) and Nothofagus pumilio
(lenga), as well as a reference extract (positive control) from Rosmarinus officinalis L.
(rosemary). The neuroprotective capacity of these plant extracts was evaluated in a set
of in vitro assays, including enzymatic [acetylcholinesterase (AChE), butyrylcholinesterase
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In vitro neuroprotective potential of terpenes from
industrial orange juice by-products

José David Sanchez-Martinez, ' +* Mdnica Bueno,t® Gerardo Alvarez-Rivera,®
José Tudela, {2 Elena Ibafiez® and Alejandro Cifuentes*®

Citrus sinensis (orange) by-products represent one of the most abundant citric residues from orange juice
industrial production, and are a promising source of health-promoting compounds like terpenes. In this
work, different extraction solvents have been employed to increase terpene extraction yield and selectivity
from this orange juice by-product. A set of bioactivity assays including enzymatic (acetylcholinesterase
(AChE), butylcholinesterase (BChE) and lipoxygenase (LOX])) as well as antioxidant (ABTS, reactive oxygen
species (ROS) and reactive nitrogen species (RMNS)) activity tests have been applied to investigate the neu-
roprotective potential of these compounds. New fluorescence-based methodologies were developed for
AChE and BChE assays to overcome the drawbacks of these tests when used in vitro to determine the
anticholinergic activity of colored extracts. Comprehensive phytochemical profiling based on gas chrom-
atography coupled to quadrupole time of fight mass spectrometry (GC-gTOF-MS) analysis showed ahigh
content of mona- and sesquiterpenes in the extracts obtained with ethyl acetate, whereas n-heptane
extracts exhibited a large amount of triterpenes and carotenoids. From a neuraprotective activity point of
view, ethyl acetate extract is the mogt promising due to its anticholinergic activity and antioxidant
capacity. Finally, a multivariate data analysis revealed a good correlation between some monoterpenes
le.g. nerol or limonene) and the antioxidant capacity of the natural extract, while a group of sesquiter-
penes [e.g. 6-Cadinene or nootkatone) showed correlation with the observed AChE, BChE and LOX inhi-
bition capacity. Hydrocarbons mono- and sesquiterpenoids reveal high capacity in vitro to cross the
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Neuroprotective potential of terpenoid-rich extracts from orange juice
by-products obtained by pressurized liquid extraction
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ABSTRACT

Keywords:
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Orange juice by-products
Pressurized liquid extraction

Pressurized liquid extraction (PLE) conditions were optimized to improve the recovery of orange (Citrus sinensis)
by-products terpenoids. The neuroprotective potential of the PLE extracts were tested against a set of in-vitro
assay (antioxidant {ABTS), reactive oxygen/nitrogen species (ROS/RNS)) as well as enzymatic tests (acetyl-
cholinesterase (AChE), butyrylcholinesterase (BChE) and lipoxygenase (LOX)). Gas chromatography coupled to
high-resolution mass spectrometry (GC-q-TOF-MS) analysis revealed a higher enrichment in mono- and sesqui-
terpenoids of the PLE extracts with the highest neuroprotection capacity. In-silico molecular docking analysis
showed the specific interaction of representative terpenoids with enzymes active sites. The results demonstrate
that the selected extract at 100 °C and 30 minutes possesses high antioxidant (ABTSIC50 = 13.5 pg mL L
ROSIC50 = 4.4 pg mL 1), anti-cholinesterase (AChEIC50 = 137.1 vg L '; BChEIC50 = 147.0 pg mL 1) and anti-
inflammatory properties (against IL-6 and LOXIC50 = 76.1 pg mL ]), with low cytotoxicity and protection

blood-brain barrier (BEB).
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In Vitro Study of the Blood-Brain Barrier Transport of Natural
Compounds Recovered from Agrifood By-Products and
Microalgae
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Abstract: Agrifood by-products and microalgae represent a low-cost and valuable source of bioac-
tive compounds with neuroprotective properties. However, the neuroprotective effectiveness of
therapeutic molecules can be limited by their capacity to cross the blood-brain barrier (BBB) and
reach the brain. In this research, various green extracts from Robinia pseudoacacia (ASFE), Cyphoman-
dra betacea (T33), Coffea arabica (PPC1), Olea europaea L., (OL-SS), Citrus sinensis (PLE100) by-products
and from the microalgae Dunaliella salina (DS) that have demonstrated in vitro neuroprotective po-
tential were submitted to an in vitro BEB permeability and transport assay based on an immortal-
ized human brain microvascular endothelial cells (HBMEC) model. Toxicity and BBB integrity tests

Citation: Sdnchez-Martinez, |.D.; ) ) . - )
were performed, and the transport of target bioactive molecules across the BEB were evaluated after

Garcia, AR.; Alvarez-Rivera, G R R
2 and 4 h of incubation using gas and liquid chromatography coupled to quadrupole-time-of-flight

mass spectrometry (GC/LC-Q-TOF-MS). The HEMEC-BBB transport assay revealed a high perme-

ability of representative neuroprotective compounds, such as mono- and sesquiterpenoids, phy-

ifuentes, A

Valdés, A.; Brito, M.A; Ci
In Vitro Study of the Blood-Brain
Barrier Transport of Natural

Compounds Recovered from tosterols and some phenolic compounds. The obtained results from the proposed in vitro BBB cel-

Agrifood By-Products and lular model provide further evidence of the neuroprotective potential of the target natural extracts,

Microalgae. Int. . Mol. Sci. 2023, 24, which represent a promising source of functional ingredients to be transferred into food supple-
533. httpsy//doiorg/10.33%)/

ijms24010533

ments, food additives, or nutraceuticals with scientifically supported neuroprotective claims.
Academic Editor: Anuska V. Keywords: neuroprotection; blood-brain barrier; green-extraction; LC/GC-g-TOF-MS; food waste;

Andjelkovic bivactive compounds

against L-glutamic acid in cell models.
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