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Abstract: The Mela Rosa dei Monti Sibillini is an ancient apple variety cultivated by Romans in the
foothills of the Sibillini Mountains, central Italy, showing potential as a source of nutraceuticals. The
purpose of this study was to evaluate the protective effects of the hydroalcoholic extracts from the
peel (APE) and pulp (APP) of this fruit in an animal model of transient global ischemia. Chemical
constituents were analyzed by liquid chromatography-mass spectrometry (LC-DAD-MS") indicating
several polyphenols such as B-type procyanidins, quercetin derivatives and hydroxycinnamic acids
as the main bioactive components. Acute pre-treatment of extracts (30 mg/kg, i.p.) significantly
decreased the brain levels of the pro-inflammatory cytokines IL-1f3 (p < 0.01) and TNF-« (p < 0.001
and p < 0.01 for APE and APP, respectively), the expression of caspase-3 (p < 0.01, For APE) and MDA
(p <0.05), a lipid peroxidation biomarker in rats. Both extracts restricted the pathological changes of
the brain induced by ischemic stroke in hematoxylin and eosin assay. Moreover, they improved the
scores of behavioral tests in grid-walking and modified neurological severity scores (mNSS) tests.
In conclusion, these results proved this ancient Italian apple is a source of nutraceuticals able to
protect/prevent damage from brain ischemia.

Keywords: Mela Rosa dei Monti Sibillini; apple extract; ischemic stroke; inflammation; anti-oxidative
stress; caspase-3

Pharmaceuticals 2021, 14, 1106. https:/ /doi.org/10.3390/ph14111106

https://www.mdpi.com/journal /pharmaceuticals


https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com
https://orcid.org/0000-0003-2708-4905
https://orcid.org/0000-0002-5000-3387
https://orcid.org/0000-0002-5530-877X
https://orcid.org/0000-0001-8264-6953
https://orcid.org/0000-0003-1375-4744
https://doi.org/10.3390/ph14111106
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ph14111106
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com/article/10.3390/ph14111106?type=check_update&version=2

Pharmaceuticals 2021, 14, 1106

20f13

1. Introduction

One of the most common reasons for death and debility in the world is the stroke [1].
There are two types of stroke, ischemic and hemorrhagic [2]. Cerebral blood flow blockade
and rupture of blood vessels occur in ischemic and hemorrhagic strokes, respectively.
About 87% of strokes belong to the first type [3]. Many pathological conditions are asso-
ciated with strokes such as atrial fibrillation, high blood pressure, aneurysms, diabetes
mellitus, abnormal lipid profile, obesity and alcohol abuse [4-8]. In addition, several neu-
rological responses occur due to stroke and hypoxia including release of pro-inflammatory
cytokines, infiltration of phagocytes, glutamate overactivity, reactive oxygen species (ROS)
and reactive nitrogen species (RNS) generation resulting in neural death [9].

Caspases are important enzymes in apoptosis [10], and notably caspase-3 is the
greatest abundant caspase expressing in neurons which is activated during stroke and
triggers programmed cell death [11]. In addition to apoptosis, caspase-3 can change glial
function and elevates inflammation and nerve injury [12]. Caspase-3 is involved in many
physiological process such as cellular differentiation and dendritic pruning [13]. The level
of caspase-3 is increased in astrocytes after a stroke and inhibition of caspase-3 shows a
neuroprotective effect in ischemic stroke [14].

Many anti-inflammatory and antioxidant agents have been studied in animal models
to reduce lethal events during a stroke [1,15]. Nevertheless, the clinical use of chemical
agents is still a safety concern. In this regard, the application of natural products appears
to be a good approach to decrease the mortality of strokes. Among fruits and vegetables
regarded as sources of phytonutrients capable of preventing damage from oxidative stress
and inflammation, the apple is considered one of the most important from a nutraceutical
standpoint [16].

Notably, it has been seen that ancient apple varieties, which are mostly restricted to lo-
cal areas where they were cultivated for a long time, are richer in pharmaceutically valuable
constituents than the respective commercial varieties that are instead cultivated worldwide,
often in areas not suitable in terms of climatic conditions [17,18]. Our group has recently fo-
cused on the Mela Rosa dei Monti Sibillini, an ancient apple variety cultivated by Romans in
the foothills of the Sibillini Mountains, central Italy, between 400 and 900 m of altitude, and
recognizable by its small size, its irregular shape, its shades ranging from pink to purplish
red, its intense and aromatic aroma and its sour and sugary flavor [19]. This fruit has been
revealed to be rich in polyphenols such as flavan-3-ols/procyanidins, dihydrochalcones,
flavonols, and hydroxycinnamic acids, as well as triterpene acids including annurcoic
and ursolic acids, being valuable as source of nutraceuticals useful to manage conditions
related to inflammation and oxidative stress [16]. As a matter of fact, in several studies
apple peel extract (APE) and apple pulp extract (APP) have shown anti-inflammatory and
anti-oxidative stress effects in animal models of renal ischemia/reperfusion injury, carbon
tetrachloride (CCl4)-induced hepatotoxicity, diabetic pancreas model and colitis via down
regulation of NF-kB, pro-inflammatory cytokines, increasing the antioxidant enzyme activ-
ity including superoxide dismutase (SOD), catalase (CAT) and reducing myeloperoxidase
(MPO) activity [1,17-19]. Due to the roles of oxidative stress and inflammation in ischemic
stroke and the anti-oxidative stress and anti-inflammation properties of APP and APE from
the Mela Rosa dei Monti Sibillini, here we aimed to assess its protective effect against acute
ischemic stroke.

One of the most common experimental models of ischemic stroke is bilateral common
carotid artery occlusion (BCCAO) [20]. In the current research, we considered the bene-
ficial effects of APP and APE on a BCCAO animal model of ischemic stroke. Protective
effects of APP and APE were evaluated by behavioral assays (grid-walking and modi-
fied neurological severity scores (mNSS) tests). In addition, the brain level of caspase-3,
an apoptotic marker in neurons, was measured by immunostaining. The brain levels of
TNF-«, IL-1$3 as inflammatory factors and MDA (malondialdehyde), a lipid peroxidation
marker, as an oxidative stress factor, were measured. The chemical composition of APP and
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APE was studied by high-performance liquid chromatography-diode array detection-mass

spectrometry (HPLC-DAD-MS) analysis.

2. Results

2.1. Chemical Constituents of Apple Peel Extract (APE) and Apple Pulp Extract (APP)

The presence of bioactive constituents in apple fruit extracts can be related to the
observed effects in the bioassays. In a previous paper APE and APP secondary metabolites
composition were investigated by LC-DAD-MS" resulting in a complex pattern of phyto-
constituents [20]. Dihydrochalcones, hydroxycinnamic acids, quercetin derivatives and B
type procyanidins were identified as the most abundant polyphenols. The chromatographic

fingerprint of the extracts is depicted in Figure 1.
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Figure 1. Exemplificative chromatograms of apple peel extract (APE) and apple pulp extract (APP) by LC-ESI-MSn.
Dihydrochalcone and flavonol derivatives: 567 m/z phloretin-2-O-xylo-glucoside (A); 435 m/z phloretin-2-O-glucoside
(B); 463 m/z quercetin-3-O-galactoside (C); 609 m/z rutin (D); 433 m/z quercetin-3-O-xyloside(E); 433 m/z quercetin-3-O-
arabinoside (F); 447 m/z quercetin-3-O-rhamnoside (G); 477 m/z rhamnetin-3-O-glucoside (H); hydroxycinnamic acids: 535
m/z chlorogenic acid isomer 1 (I); 353.5 m/z chlorogenic acid isomer 2 (L). Proanthocyanidin derivatives: 289 m/z catechin
(M); 577 m/z procyanidin B isomer 1 (N); 577 m/z procyanidin dimer B isomer 2 (O); 1441 m/z procyanidin derivative (P);
865 m/z procyanidin trimer B (Q); 1441 m/z procyanidin pentamer B (R); 1153 m/z procyanidin tetramer B (S); 1729 m/z
procyanidin derivative (T); 485 m/z annurcoic acid (U) by APCI ion sources. In the reported chromatograms, x axis was
time (min) and y axis was kCounts.
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6.75 mg/g of total secondary metabolites

To assess a possible role of these constituents, we obtained a fingerprint of the ex-
tract and the overall content of phenolics and triterpene acids measured in the samples
was 6.75 mg/g in APE and 4.24 mg/g in APP. The most abundant compounds in APE
and APP were procyanidin B dimer (isomer 1), 12 and 16%, respectively, quercetin-3-O-
galactoside (23% in APE) and chlorogenic acid (23% in APP). Quercetin-3-O-rhamnoside
(9%), rhamnetin-3-O-glucoside (2%) and annurcoic acid (3%) were detected in APE, but
not in APP (Figure 2).
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Figure 2. Graphical representation of percentage of each secondary metabolite identified in APE and APP.

2.2. APP and APE Improved the Behavioral Tests after the Brain Transient Global Ischemia

mNSS and grid walking tests were performed to assess the neurological function after
ischemic stroke (Figure 3A,B). The BCCAO group significantly showed a more severe score
in mNSS test (F (4, 25) = 0.3676, p < 0.0001) and a higher footfall score in grid walking test
than the sham group (F (4, 25) = 1.438, p < 0.0001). However, pre-treatment with APE, APP
and nimodipine displayed protective effects in neurological functions and significantly
improved the scores in both mNSS and grid walking tests when compared with the BCCAO
group (p < 0.0001, for all).

2.3. APP and APE Decreased Brain Tissue Injury in Hematoxylin and Eosin (H and E) Staining

As indicated in Figure 4, the H and E assay of brain motor cortex showed that the rat
brain from the sham group had normal histology with preserved neurological cells. In
the BCCAO group, partial loss of neurological cells with cavity formation was observed.
Pre-treatment with APP and APE showed relatively preserved neurological cells with
normal histology.

2.4. APP and APE Reduced the Pro-Inflammatory Cytokines and Oxidative Stress in Brain after
Ischemic Stroke

The brain motor cortex levels of MDA and pro-inflammatory cytokines including
TNF-« and IL-1f3 were measured by ELISA. As shown in Figure 5A-C, brain levels of
TNF-«, IL-1B and MDA in the BCCAO group were significantly higher when compared
with the sham group (F (4, 25) = 0.3239), (F (4, 25) = 1.344), (F (4, 25) = 3.711) (p < 0.0001,
for all). Our data showed that pre-treatment with nimodipine, APP and APE reduced
significantly the levels of TNF-« (p < 0.0001, p = 0.0098 and p = 0.0008, respectively), IL-13



Pharmaceuticals 2021, 14, 1106 50f13

(p <0.0001, p = 0.0026 and p = 0.0012) and MDA (p < 0.0001, p = 0.0108 and p = 0.0184,
respectively) when compared with the BCCAO group.
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Figure 3. (A) Modified neurological severity scores (mMNSS). Results are mean =+ SD. (n = 6). **** p < 0.0001 vs. the sham
group, it p < 0.0001 vs. the bilateral common carotid artery occlusion (BCCAO) group. (B) Grid-walking test. Results are
mean + SD. Repeated measures one-way analysis of variance with Bonferroni post-hoc was used. **** p < 0.0001 vs. the
sham group, ## p < 0.0001 vs. the BCCAO group.
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Figure 4. APE and APP pre-treatment reduced the brain motor cortex damage 24 h after is-
chemia/reperfusion in animals and improved the number of survival neurons compared to the
BCCAO group (A,B). Micrographs (10x and 40x) of hematoxylin and eosin (H and E) stained
brain tissue. Repeated measures one-way analysis of variance with Bonferroni post-hoc was used.
#4% p < 0.0001 vs. the sham group; # p < 0.05 vs. the BCCAO group.
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Figure 5. (A) The brain levels of TNF-« in experimental groups 60 min after ischemia/reperfusion. Results are mean =+ SD.
(n = 6). **** p <0.0001 vs. the sham group, ### p < 0.0001, #* p <0.001 and *# p < 0.01 vs. the BCCAO group. (B) The brain
levels of IL-1§ in experimental groups 60 min after ischemia/reperfusion. Results are mean 4 SD. **** p < 0.0001 vs. the
sham group, ## p < 0.0001 and # p < 0.01 vs. the BCCAO group. (C) The brain levels of malondialdehyde (MDA) in
experimental groups 60 min after ischemia/reperfusion. Results are mean + SD. Repeated measures one-way analysis
of variance with Bonferroni post-hoc was used. **** p < 0.0001 vs. the sham group, ## p < 0.0001 and * p < 0.05 vs. the
BCCAO group.

2.5. APP and APE Reduced Caspase 3 Expression in the Brain after Transient Global Ischemia

Cerebral ischemia activates apoptotic pathways leading to neuronal cell death [21]. To
evaluate the effects of APP and APE treatment on apoptosis induced by ischemia, caspase-3
as an apoptotic marker was measured by fluorescence immunostaining (Figure 6A,B).
Caspase-3 expression was significantly elevated in the hippocampus of the BCCAO group
when compared with the sham group (F (3, 20) = 1.826, p < 0.0001). However, pre-treatment
with APE significantly reduced the expression of caspase-3 compared with the BCCAO
group (p = 0.0029). On the other hand, APP reduced insignificantly the caspase-3 expression
when compared with the BCCAO group (p = 0.2839).
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Figure 6. APE reduced the number of caspase-3 expressing cells in hippocampi. (n = 6). (A) Microphotographs show the
co-localization of caspase-3 (green)-positive cells with DAPI (blue) in hippocampi of animals. (B) Semi-quantitative assay of
active caspase-3. Results are mean + SD. Repeated measures one-way analysis of variance with Bonferroni post-hoc was
used. *** p < 0.001 vs. the sham group, # p < 0.01 vs. the BCCAO group.

3. Discussion

This study showed that pre-treatment with APE and APP had a protective effect on
brain tissue by reducing pro-inflammatory cytokines and oxidative stress. Ischemic reper-
fusion of the brain leads to neuronal apoptosis, activation, and infiltration of inflammatory
cells. Reperfusion of the brain results in brain damage due to the ROS, RNS generation and
apoptosis [22,23]. Caspase-3 is produced as an inactive proenzyme that could be activated
by extrinsic and intrinsic programmed cell death pathways [24]. It has been shown that
the caspase-3 level is high during acute pathophysiological conditions such as ischemic
stroke leading to neuronal apoptosis, and treatment with caspase-3 inhibitors decreased the
infarct area following stroke induction [25]. Le et al. have reported that caspase 3-deficient
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mice were resistant to the pathological effects of stroke and had smaller infarct area than
wild-type mice 48 h after stroke. These authors have also shown that cortical neurons
cultured from caspase-3(—/—) mice were more resistant than normal neurons against
oxygen-glucose deficiency for 2 h [11]. Previous studies have demonstrated that lipid
peroxidation and an increase of the brain level of MDA occurred after ischemic-reperfusion
of cerebral brain vessel, and proved direct correlation between the MDA brain level and the
infarct volume [26,27]. The other main pathogenic factor of ischemic stroke is inflammation.
Both the adaptive and innate immune responses are activated after ischemic stroke and
microglia brain immune cells activation results in damage-associated molecular patterns
(DAMPs) [28]. Activated microglia secrete pro-inflammatory cytokines (TNF-c, IL-1f3 and
IL-6), ROS and RNS resulting in neuronal cytokine-related apoptosis that stimulates the
recruitment of T cell lymphocytes and results in establishment of an inflammatory system
around the neuronal damage [29]. Due to ROS and RNS generation in strokes, polyunsatu-
rated fatty acids peroxidation in membrane cells occurs resulting in neuronal structural
and functional impairment. The most toxic products of lipid peroxidation are MDA and
thiobarbituric acid-substrates which increase significantly during ischemic strokes [30,31].

In our study, the brain level of caspase-3 in the BCCAO group was markedly higher
than the sham group, and this was reversed by pre-treatment with APE. The study also
demonstrated that pretreatment with APP and APE considerably decreases the levels of
TNF-«, IL-1p and MDA which are pro-inflammatory and oxidative stress indicators. It has
been demonstrated that natural polyphenolic compounds have anti-apoptotic effects and
reduced neuronal cell death after induction of cerebral ischemic stroke via downregulation
of poly ADP-ribose polymerase (PARP) protein and caspase-3 expression, reduction of
MDA level and ROS generation, and upregulated the anti-oxidative stress genes such as
Nrf2, HO-1, and NQO1 [32,33]. Apple is enriched by neuroprotective natural polyphenolic
compounds such as flavonols, anthocyanins, phenolic acids and flavan-3-ols [34]. Paul
and colleagues have shown that Northern Spy apple peel extract has neuroprotective
and anti-inflammatory effects in an in vivo model of hypoxic-ischemic brain damage via
suppression of the IL-13, TNF-a and IL-6 expression, elevated levels of anti-apoptotic
factors including Bcl-2 and XIAP in the hippocampus and striatum of mice, and improved
motor function scores [35]. Several researches indicated that extracts from Mela Rosa dei
Monti Sibillini have potential anti-inflammatory and anti-oxidative stress properties in
CCl4-induced hepatotoxicity and renal ischemia/reperfusion injury in rats [16,17]. Con-
sidering the phytochemical composition, APE presents higher levels of flavonoids when
compared to APP. The most abundant phenolics in APE were quercetin-3-galactoside
(23%) and procyanidin dimer isomer 1 (12%). A recent review reported significant role of
quercetin in attenuation of ischemic/reperfusion injury, suggesting that this compound can
improve cell membrane integrity decreasing lipid peroxidation. Furthermore, quercetin
inhibited apoptosis through downregulation of Bax, and caspases, and upregulation of
Bcl-2. Flavonol glycosides, like quercetin and its derivatives, which are abundant in these
apple extracts, showed neuroprotective effects by reducing the brain levels of nitric oxide,
MDA and increasing SOD activity [36]. Finally, authors reported that quercetin can modu-
late autophagy decreasing ischemic reperfusion injury by different mode of actions [36].
Considering procyanidins involvement, grape seed procyanidin extract was reported to
be active in the reduction of ischemic reperfusion injury in mice CNS tissues [36]. It has
been reported that these compounds have the ability to inhibit caspase-3 and improve
neuronal cell survival after an intoxication [36]. It is well known that procyanidins display
anti-inflammatory effects by reducing the levels of indicators such as TNF-«, 11-13, COX-2,
MDA, NO and enhancing SOD concentrations [36]. They have demonstrated as well
anti-oxidative activities [36]. A study of the neuroprotective activity of triterpenic acid
and ursolic acid has demonstrated that this compound reduces infart size and lower lipid
peroxidation [36]. It also suppresses the level of expression of TLR4 and NF-xB after the
injury, displaying, thus, anti-inflammatory capacities [36]. A further constituent that may
play a role in the bioactivity of the extract may be annurcoic acid that account in APE at
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3% of total secondary metabolites. Indeed, a previous paper revealed that other triterpene
acids are able to modulate ischemic reperfusion damages as maslinic acid, madecassoside,
and betulinic acid [36]. Thus, further investigations are needed to evaluate the role of apple
triterpene acids for this specific bioactivity.

In our study, both APE and APP reduced the brain levels of IL-13, TNF-& and MDA
and improved motor performance scores and histological changes.

4. Materials and Methods
4.1. Apple Sampling

Apple sampling was undertaken as previously described by Yousefi-Manesh et al. [16,17].
Apple trees were cultivated in the orchards of farmer Marini, situated in Montefalcone
Appennino (42°59'17" N; 13°27'32"" E, 700 m a.s.l.), Fermo district, Marche region, central
Italy. The harvest was carried out in the apple season, in November 2017. The samples
storage was at room temperature (around 20 °C) until extraction.

4.2. Hydroalcoholic Extracts Preparation

The apple peel extract (APE) and apple pulp extract (APP) were prepared as previously
described by Yousefi-Manesh et al. [17]. Briefly, pulp and peel were separated using a knife
and dried in a Biosec De Luxe B12 dryer (Albrigi luigi, Verona, Italy) at 40 °C for 18 h until
a constant weight. Afterwards, apple-dried materials were reduced into a powder (particle
size, 1 mm) by IKA-WERK MFC DCFH 48 (Staufen, Germany). Powders were stored in
50 mL Falcon tubes at room temperature until extraction. Ten g of apple peel and pulp
powder were extracted by sonication using a mixture of methanol-water solution (200 mL,
1:1 v/v) at 45 °C for 60 min. APE and APP residuals were resuspended and sonicated in
50 mL of the same extractant solution at 45 °C for a further 30 min. The solutions obtained
were pulled and finally dried under vacuum at 40 °C by rotavapor. The yields obtained
were 64% and 54% (w/w) for APP and APE, respectively.

4.3. High-Performance Liquid Chromatography-Diode Array Detection-Mass Spectrometry
(HPLC-DAD-MS") Analysis

Composition of phenolic derivatives was obtained by HPLC-DAD-MS", as reported
previously using an Agilent 1260 chromatograph (Santa Clara, CA, USA) with a diode
array (DAD) and Varian MS-500 ion trap mass spectrometer. A “T” connector divided
the eluate in equal amounts to DAD and MS. Agilent Eclipse XDB C-18 (3.0 x 150 mm)
3.5 um was used as a stationary phase [17]. Mobile phases were acetonitrile (A) and
water 0.1% formic acid (B) and flow rate was 0.5 mL/min. Gradient elution was used as
reported by Yousefi-Manesh et al. [17]. Rutin, chlorogenic acid, phloridzin and catechin
(Sigma-Aldrich, Milan, Italy) were used as reference compounds for flavonoid, hydroxycin-
namic acid derivatives, chalcones and proanthocyanidin derivatives, respectively. Phenolic
compounds were quantified at 280, 330, and 350 nm, on the base of UV spectra (range of
200-650 nm). Calibration curves were as follows: rutin y = 27.788x + 330.7 (r? = 0.9981);
chlorogenic acid y = 47.359x + 439.99 (r* = 0.9951); catechin y = 20.525x + 3.2962 (1> = 0.999);
phloridzin y = 87.029x — 1.832 (r> = 0.999). MS spectra were recorded in negative ion mode
in 50-2000 Da range, using an ESI ion source. Fragmentation of the main ionic species were
obtained by the turbo data-dependent scanning (TDDS) function.

A previously published method was used for quantification of triterpene acids. Briefly,
an Agilent Eclipse XDB C-18 (3.0 x 150 mm) 3.5 pm was used as stationary phase [7].
Methanol (A) and HyO 0.05% formic acid (B) were the mobile phases. The analysis revealed
the presence of annurcoic acid; the latter was quantified using the calibration curve of
the purified compound considering the ion species at 7/z 485 in the range 5-50 ug/mL,
calibration curve was as follow, y = 12,549x + 136,925; 2 =0.9962 [17].
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4.4. Animals

Sixty adult male Wistar rats weighing 220-250 g, 8 weeks old, were obtained from the
Animal Center in Tehran University of Medical Sciences, Iran. Standard conditions such as
12 h day/night cycle, 23-24 °C and freely admission to food and water were established for
animals. All investigational trials were accepted by the Animal Care and Use Committee
of Tehran University of Medical Sciences (no.: PT20180715). The behavioral studies were
done from 9:00 a.m. to 14:00 p.m.

4.4.1. Induction of Ischemic Stroke

The BCCAO stroke model was performed as formerly reported by Li et al. [37]. In
brief, rats were anesthetized with ketamine (45 mg/kg, i.p. (intraperitoneal)). A midline cut
in the neck was made to expose the bilateral common carotid arteries; after separation of the
peripheral tissues, both arteries were obstructed by a clamp for 30 min. Then, reperfusion
was undertaken by removing the clamp for 1 h. Half of the animals in each group were
decapitated and the brain tissues were fully separated for acute molecular assays, and
behavioral tests were performed on the other half of the animals 24 h later.

4.4.2. Animal Groups
Rats were divided into the following five groups (12 rats each):

1. Sham group: the animals were only anesthetized, a midline cut in the neck was made
without BCCAO and received normal saline i.p.

2. BCCAO group: the stroke model was induced as described above; animals received
normal saline i.p.

3. Nimodipine group (as positive group): 30 min before BCCAO, the animals received
nimodipine 10 mg/kg (i.p.), then BCCAO was induced [22].

4. BCCAO + APP: 30 min before BCCAO, the animals received APP extract 30 mg/kg
(i.p.), then BCCAO was induced [17].

5. BCCAO + APE: 30 min before BCCAO, the animals received APE extract 30 mg/kg
(i.p.), then, BCCAO was induced [17].

All of the doses for this experiment were chosen based on previous studies [17,22].
Half of the animals in each group were sacrificed 1 h after reperfusion to analyze the
hippocampus levels of caspase-3 and brain cortex molecular assay. The second half of the
remaining animals were sacrificed 24 h after reperfusion for H and E assay and behav-
ioral tests.

4.5. Behavioral Tests

To evaluate behavioral disability and the protective effects of APP and APE pre-
treatment, a grid walking test and modified neurological severity score (mNSS) were done
24 h after BCCAO induction. For the grid walking test, or the foot fault task, the animals
were placed above a gridiron floor (2025 cm?) with holes (1 cm) across and height of 2.5 cm;
the animals were permitted to walk freely on the gridiron floor for one min. Once the
animals’ paws slipped and touched the floor, the score was 2 and each time their paws
slipped without touching the floor the score was 1. The more severe the neurological
injury, the higher score was recorded [38]. The mNSS test was composed of sensory, motor,
and balance tests with a total score of 14. The animal scored one for each inability. The
higher score shows the greater severity of neurological damage. Scores of 1~4, 5~9 and
10~14 suggest mild, moderate and severe defects, respectively [39].

4.6. Caspase-3 Immunostaining

The hippocampus of half sacrificed rats in each group were fixed in 10% formalin after
1 h reperfusion for 72 h to analyze the changes of caspase-3 expression via immunostaining.
Next, the tissues were inserted in paraffin, and 5 pm slices were prepared by a microtome.
The samples were attached onto slides that coated with saline and after dewaxing and
rehydrating in graded series of ethanol, washed with distilled water. The samples were
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incubated 2 h at room temperature and 24 h at 2-8 °C with 10% normal donkey serum and
caspase-3 antibody (1:100 diluted with PBS) (orb-213644), respectively. After washing four
times with PBS, Goat Anti-Rabbit IgG(H+L) antibody (FITC) (orb688925) (1:150 diluted
with PBS) as the second antibody was added and the samples were incubated in a dark
room (37 °C, 90 min). Then, they were washed three times with DAPI (Sigma-D9542) and
for 20 min with PBS. Finally, glycerol/PBS solution was spilled on the samples and they
were evaluated with a fluorescence microscope (Olympus), and Image] software was used
to calculate the expression of caspase-3. The percentage of staining area indicated the
expression of caspase-3 [9].

4.7. Histological Assay

The brain motor cortex of half of each group of sacrificed rats was fixed in 10%
formalin for 72 h for hematoxylin and eosin (H and E) staining. The tissues were inserted
in paraffin, and 5 pm slices were prepared by a microtome, and to evaluate the pathological
injury H and E dye was used for staining [40]. Image ] software was used to quantify the
images and count the mean number of neurons.

4.8. Molecular Analysis

The brain levels of TNF-«, IL-13 and MDA were measured by an R&D systems
ELISA kit after 1 h reperfusion. The whole brain of animal was hemoginated (10%, w/v
in phosphate buffer) and centrifuged at 12,000 rpm and 4 °C for 20 min. Then, the pro-
inflammatory cytokines TNF-« and IL-1§3 levels were measured by enzyme immunoassay
(Karmania Pars Gene, Tehran, Iran). The brain MDA level was measured as the lipid
peroxidation marker with a MDA assay kit (Sigma, Darmstadt, Germany) [17].

4.9. Statistical Analysis

Statistical analysis was undertaken with GraphPad Prism 9.0 software. The data are
expressed as mean =+ standard deviation (SD). The one-way ANOVA followed by post hoc
Bonferroni test was used to indicate the differences between groups. p < 0.05 was set as the
statistical significance.

5. Conclusions

Consumption of ancient apples like the Mela Rosa dei Monti Sibillini should be
promoted in rural areas and their cultivation improved as they represent an important part
of a diet useful to prevent cardiovascular and neurological diseases. Furthermore, this old
apple and its respective by-products could be utilized on an industrial level as source of
nutraceuticals to be used as adjuvant with conventional therapies in pathological conditions
related to inflammation and oxidative stress. Our results showed that the neuroprotective
effects of extracts of this ancient apple variety from central Italy are generally related
to their anti-inflammatory and anti-oxidative stress properties ascribable to their major
constituents such as flavonol glycosides and procyanidins. In addition, these extracts
are capable of reducing the apoptotic marker, caspase-3, improving motor functional test
scores. Further investigations are needed on the most abundant secondary metabolites
such as quercetin-3-O-galactoside, procyanidin dimers, and on triterpene annurcoic acid to
evaluate their protective role in ischemia reperfusion damage. Thus, our findings pave the
way for the improvement of cultivation systems of this old apple and its exploitation for
nutraceutical purposes.
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