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ABSTRACT

Parkinson’s disease (PD) is the second most common neurodegenerative disorder after Alzheimer’s disease.
The pathological hallmarks of PD are defined by the loss of dopaminergic neurons in the substantia nigra
pars compacta of the midbrain, with its characteristic clinical motor and non-motor symptoms. Current
treatments for PD are mainly palliative; hence, novel neuroprotective and therapeutic approaches are
needed. This study investigated the potential neuroprotective effects of three Amaryllidaceae plant extracts,
Boophone disticha, Brunsvigia bosmaniae, and Strumaria truncata, in an in vitro model of PD involving the
exposure of SH-SY5Y cell lines to the MPP* neurotoxin. The protective effects of the three medicinal plants
on cell viability were evaluated. The mechanism of the induced neuroprotection was investigated by measur-
ing intracellular reactive oxygen species (ROS) levels, nitric oxide (NO) levels, adenosine triphosphate (ATP)
levels, caspase 3 activity, and autophagy levels in the SH-SY5Y cells. The results showed that treatment with
the extracts was protective against the toxicity induced by MPP* in the SH-SY5Y cells. This was demonstrated
by the significant increase in cell viability in the MPP*-treated cells, attenuation of intracellular ROS and NO
levels, caspase 3 activity, and increased ATP activity. These findings suggest that the three extracts could be
sources of novel bioactive agents with possible neuroprotective activities owing to their anti-apoptotic and
antioxidant activities. Further studies are recommended to characterise the constituent compounds in these
extracts to support their potential as drug discovery and development candidates.

© 2024 The Author(s). Published by Elsevier B.V. on behalf of SAAB. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Parkinson’s disease (PD) is characterised by the loss of dopaminer-
gic neurons in the substantia nigra pars compacta in the midbrain
and is the second most common neurodegenerative disease (NDD)
after Alzheimer’s disease (AD), affecting approximately 10 million
people worldwide (Ferreira and Romero-Ramos, 2018; Boyd et al.,
2022; Ou et al., 2021). PD has also been reported to be more prevalent
in males than females (Lewin, 2019; Rizek et al., 2016). Its symptoms
vary from motor to non-motor, with the non-motor symptoms often
preceding the motor deficits (Goldman and Postuma, 2014).

Abbreviations: AD, Alzheimer's disease; ATP, adenosine triphosphate; DCFDA,
dichlorodihydrofluorescein diacetate; MPP*, 1-methyl-4-phenylpyridinium; MTT, 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assays; NDD, neurode-
generative disease; NO, nitric oxide; PD, Parkinson’s disease; ROS, reactive oxygen
species
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PD’s pathophysiology involves protein aggregation, excitotoxicity,
neuroinflammation, mitochondrial dysfunction, genetic mutations,
and oxidative stress (Michel et al., 2016; Tansey et al., 2007).
Mitochondrial dysfunction caused by genetic mutations and envi-
ronmental toxins leads to compromised mitochondrial membrane
potential, decreased ATP levels, and disruption of calcium homeo-
stasis, among other effects, all resulting in elevated caspase activ-
ity and apoptosis, neurodegeneration, and eventually PD (Golpich
et al., 2017; Rego and Oliveira, 2003; Yang et al., 2020). From sev-
eral theories, the process of neurodegeneration leading to Parkin-
son’s Disease can be attributed to seven main factors, which
include oxidative stress (ROS, free radicals, NO), proteolysis
defects, protein misfolding (a-synuclein protein), immunological
reactions, iron metabolism disorders (toxic iron accumulation),
mitochondrial dysfunction and apoptosis (Abramov et al., 2020;
Amro et al., 2018; Gurunnaselage Don, 2016; Harischandra et al.,
2019; Koziorowski et al., 2021; Sian-Hulsmann and Riederer,
2021; Stykel and Ryan, 2022).
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To date, no disease-modifying treatments are available for PD, as
current treatments only offer symptomatic relief of the symptoms
associated with the disease. For over 40 years, levodopa has remained
the most widely used oral treatment for relieving motor symptoms of
PD. Still, its usage over time also induces Parkinson-like symptoms
(Hauser, 2009; Poewe et al., 2010; Salat. Unfortunately, most avail-
able treatments offer minimal clinical benefits regarding the non-
motor manifestations of PD (Zahoor et al., 2018).

In most parts of the world, there has been interest in the use of
phytotherapy for neurological and NDDs, mainly because most plant
extracts or plant-derived bioactive compounds and nutraceuticals
have been reported to have potent neuroprotective effects (Kumar
and Khanum, 2012; Da Costa et al., 2020). South Africa has a wide
variety of medicinal plants, and most rural communities have relied
on herbs to treat different ailments for hundreds of years. The avail-
ability of medicinal plants in South Africa and their folkloric use have
elicited renewed interest in their putative use as sources of potent
plant-derived medicines for treating neurological, neurodegenera-
tive, and psychiatric disorders (Enogieru et al., 2018).

Although widely distributed around the world and consisting of
about 800 species and 80 genera, some of the Amaryllidaceae species
are endemic to the southern part of Africa, with the Western Cape
province of South Africa having higher numbers of these plant spe-
cies (Conrad, 2008; Goldblati, 1978; Ibrakaw et al., 2020). They have
been reported to have a wide range of biological activities, including
anti-cancer, antiviral, cytotoxicity, anti-hypertensive, antioxidant,
anti-inflammatory, anti-tumour, anti-microbial, anticonvulsive, anti-
rheumatic, anti-depressive and antiparasitic (Adewusi et al., 2012;
Bastida et al., 2006; Nair and Van Staden, 2013; Castilhos et al., 2007;
Da Silva et al., 2006; Farinon et al., 2017; Kornienko and Evidente,
2008; Reis et al., 2019). Furthermore, our laboratory has previously
reported on the neuroprotective activities of some species of this
plant family, which include Boophoone haemathiodes, Crossyne flava,
Crossyne gutata and Nerine humilis (Ibrakaw et al., 2020; Omoruyi et
al.,, 2019, 2020, 2021). Strumaria truncata (commonly known as Cape
snowflake) is second only to Cyrtanthus regarding biological species’
rarity amongst the Southern African Amaryllidaceae and has few or
no reported studies. Brunsvigia plants are extensively distributed in
the Drakensberg, KwaZulu-Natal province of South Africa, and their
traditional uses are mainly centred around local diviners to enhance
the accuracy of their readings (Dee Snijman, 2005). The San people
used the bulbs to influence and affect the behaviour and mind of the
person to whom they were administered (Rust, 2009).

In this study, the extracts of the Amaryllidaceae plants Boophone
disticha (BD), Brunsvigia bosmaniae (BB) and Strumaria truncata (ST)
were evaluated for their neuroprotective effects in an in vitro model
of PD. We show for the first time the neuroprotective activities of ST
and BB in an in vitro model of PD and also report the activity of BD in
the MPP* model of PD.

2. Materials and methods
2.1. Preparation of plant material

The bulbs of BD, BB and ST extracts were weighed, and a mass of
200 g for each plant bulb was dissolved in methanol. Extraction was
then carried out at room temperature for 48 h, after which the plant
material was filtered and evaporated under reduced pressure at 45 °
C then eventually allowed to dry. Once the extracts were solvent-
free, they were stored in Eppendorf tubes at 4 °C for later use.

2.2. Cell culture and maintenance
The neuronal cell line SH-SY5Y was obtained as a gift from the

Blackburn Laboratory, University of Cape Town and stored at —80 °C
until use. Once thawed, cells were maintained in Dulbecco’s Modified
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Eagle’s Medium (DMEM, Gibco, Life Technologies Corporation, Pais-
ley, UK), supplemented with 10 % Fetal Bovine Serum (FBS, Gibco,
Life Technologies Corporation, Paisley, UK) and 1 % Penicillin/Strepto-
mycin (Lonza Group Ltd., Verviers, Belgium) in a water-jacketed CO,
incubator at 37 °C with 5 % CO, (Labtec, Germany) until 70—80 % con-
fluence was attained. Cells were subcultured before each experiment
after reaching about 70 to 80 % confluency with 1 mL of trypsin EDTA
(Lonza Group Ltd., Verviers, Belgium).

2.3. Treatments

To determine the optimum concentration of plant extracts to be
used for neuroprotection assay, stock solutions of 40 mg/mL of the
BD, BB and ST extract were made in DMSO (Sigma-Aldrich, St Louis
MO, USA) from which further dilutions were made in growth
medium to obtained desired concentrations. For dose-response of
extracts, trypsinised cells were seeded in 96-well plates at a density
of 10,000 cells/well and incubated overnight to allow attachment.
After that, cells were exposed to increasing concentrations of 2.5, 5,
7.5 and 10 pg/mL for BD, BB and ST for 24 h, and cell viability was
obtained afterwards. In addition, the concentration of MPP* required
to reduce cell viability to about 50 % was also determined by exposing
SH-SY5Y cells to increasing concentrations of 500 to 2500 «M, and
after that, cell viability was determined, and the 2000 M MPP* was
selected for further studies.

For neuroprotection studies, 10,000 cells of the SH-SY5Y cells
were plated and incubated overnight, and, after that, the cells were
exposed to 2.5, 5, and 10 pg/mL of either the BB, BD, or ST extract for
2 h before the addition of 2000 M of MPP*. All treatments lasted for
24 h, and cell viability was determined afterwards.

24. Cell viability assays

The MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide] dye was used to measure cell viability. To achieve this, 10 %
of the volume per well of the MTT working solution (5 mg/mL) was
added to each well then incubated for 4 h, after which the growth
medium was aspirated, and the formed formazan crystals were solu-
bilised by adding 100 L of DMSO to each well before reading the
results with a PolarStar Omega (BMG Labtech Omega® POLARStar)
microplate reader at an absorbance of 570 nm, to quantify the inten-
sity of the dissolved formazan crystals (purple colour). Upon obtain-
ing absorbance, cell viability was expressed as percentages of the
control:% of cell viability = Absorbance of treated cells X 100 Absor-
bance of control

2.5. Trypan blue exclusion assay

This assay was also carried out to determine the effects of various
treatments on cell viability. Due to compromised cell membrane
integrity, Trypan blue dye selectively enters only the dead cells, binds
to intracellular proteins, and stains cells blue. On the other hand, live
cells do not pick up the dye and can be distinguished from dead cells
(Aslanturk, 2018). For this assay, cells were seeded at a density of
2.5 x 10°/dish in 35 mm dishes and treated for 24 h, with the selected
concentrations of all three extracts (BD, BB and ST), as was done for
the neuroprotection studies. After treatment, cells were detached by
trypsinisation, centrifuged, and the pellet resuspended in a fresh
growth medium. From the cell suspension, 20 uL was transferred to
an Eppendorf tube, to which an equivalent volume of 0.4 % trypan
blue dye (Sigma-Aldrich, St Louis MO, USA) was added and loaded
onto the counting chambers of a haemocytometer after which the
percentage of live cells was determined.
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Fig. 1. Dose-response of plant extracts. SH-SY5Y cells were exposed to concentrations 2.5, 5, 7.5 and 10 ug/mL of BD (A), BB (B) and ST (C), and cell viability was determined after
24 h using the MTT assay. Each bar represents the mean + SEM of three experiments (n = 3), and statistical significance was denoted by asterisks (* p < 0.05; ** p < 0.01, ***

p < 0.001 and ****p < 0.0001). VC = vehicle control.

2.6. Changes in cell morphology

To investigate any changes in cell morphology, the SH-SY5Y cells
were seeded in 96-well plates and treated with the selected concen-
trations of all three extracts and that of MPP*as per neuroprotection
assay. Post-treatment, the cells were visualised using the 10X objec-
tive lens of a Zeiss inverted light microscope and the Zeiss software
Version 2.3 was used to obtain the images of the control and treated
cells.

2.7. Measurement of intracellular ROS production

To measure the levels of intracellular ROS, the cell-permeable
molecular probe dichlorodihydrofluorescein diacetate (DCFDA;
Sigma-Aldrich, St Louis MO, USA) was used, and the protocol by
Ibrakaw and colleagues was followed, with slight modifications
(Ibrakaw et al., 2020). Cells were seeded at 10,000 cells/well in a
black 96-well microplate and treated for 24 h as described in the
neuroprotection section. After treatment, hydrogen peroxide
(10 % Hy0,) was added to the positive control cells for 10 min.
After that, cells were washed with PBS before adding 100 uL of
20 uM DCFH-DA to each well and incubated for an hour at 37 °C.
Post incubation, cells were washed gently with PBS, followed by
measurement of the dye fluorescence intensity using a microplate
reader (BMG Labtech Omega® POLARStar) at excitation wave-
length 485 nm and emission wavelength 538 nm and ROS pro-
duction was expressed as a percentage of control.
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2.8. Measurement of nitric oxide production

Nitric oxide production was investigated using the Griess reagent
system kit (Promega, Madison, WI, USA) according to the manufac-
turer’s instructions. Cells were seeded at 10,000 cells/well and
treated as described in the neuroprotection section. Cell-free
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Fig. 2. Cytotoxicity of MPP+. The toxicity of MPP* on the SH-SY5Y cells was evaluated
using the MTT assay following a 24-hour exposure. The control cells were left
untreated, and the graph was presented as mean & SEM of three experiments (n = 3)
using GraphPad Prism 7 statistical software. The statistically significant changes are
denoted by asterisks (* p < 0.05; ** p < 0.01, and ****p < 0.0001).
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Fig. 3. Evaluation of the neuroprotective capabilities of the plant extracts (A) BD, (B) BB, and (C) ST on the viability of the SH-SY5Y cells following a 24-hour exposure and evaluated
using the MTT cell viability assay. Each bar represents the mean + SEM of three experiments (n = 3). The statistically significant changes are denoted by asterisks (* p < 0.05; **
p < 0.01,** p < 0.001 and ***p < 0.0001) when extracts were compared with MPP*-treated cells and ® when control cells were compared with MPP*-treated cells.

supernatants from all experimental samples were then transferred to
anew plate in triplicates at a volume of 50 pL/well, after which plates
were handled carefully according to the manufacturer’s manual, and
measurement of absorbance was done using a microplate reader
(BMG Labtech Omega® POLARStar) at a wavelength of 540 nm.

2.9. Measurement of adenosine triphosphate levels

A Mitochondrial ToxGlo ATP assay kit (Promega, Madison, WI,
USA) was used according to the manufacturer’s instructions to inves-
tigate the changes in cellular ATP levels. Briefly, cells were seeded at
10,000 cells/well in a white 96-well microplate and treated for 24 h
as described in the neuroprotection section. After that, cells were
handled according to the manufacturer’s manual and luminescence
intensity was measured using a microplate reader (BMG Labtech
Omega® POLARStar) at a wavelength of 520 nm.

2.10. Caspase 3/7 apoptosis assay

The caspase 3/7 assay kit (Promega, Madison, WI, USA) was used to
investigate apoptosis in the cells, according to the manufacturer’s
instructions. Briefly, cells were seeded at 10,000 cells/well in a white
96-well microplate and treated as described in the neuroprotection sec-
tion for 24 h. With the wells having a total volume of 200 pL, 100 L
was discarded, and an equal volume of the Caspase-Glo 3/7 reagent
solution was added per well. The microplate was placed on a plate
shaker for 30 s at 300—500 rpm to mix the contents gently and then
incubated at room temperature for 1 hour, after which luminescence
was measured using a microplate reader (BMG Labtech Omega® POLAR-
Star). Values were expressed as percentages of control.
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2.11. Autophagy assay

The autophagy assay kit (Sigma-Aldrich, St Louis, MO, USA) was
used according to the manufacturer’s instructions to investigate
autophagy in the cells. Briefly, cells were seeded at 10,000 cells/well
in a black 96-well microplate and treated for 24 h, as described in the
neuroprotection section. After that, the cell growth medium was dis-
carded and replaced with 100 wL/well of the autophagosome detec-
tion reagent working solution. The plate was incubated for 1 hour at
37 °C, after which cells were gently washed thrice. Fluorescence
intensity was measured using a microplate reader (BMG Labtech
Omega® POLARStar) at an excitation wavelength of 360 nm and an
emission wavelength of 520 nm.

2.12. Statistical analysis

All experiments in this study were performed in triplicates, and data
obtained were presented as means + standard error of the mean (SEM).
Statistical analyses were done with a one-way analysis of variance test
followed by a post hoc analysis (Turkey’s multiple comparison tests)
using GraphPad Prism 7 statistical software GraphPad Software, Inc, San
Diego, California. P < 0.05 was considered statistically significant.

3. Results

3.1. Cytotoxicity screening of plant extracts to determine the optimum
concentration

To determine the optimum concentrations of extracts that will
confer neuroprotection, the cytotoxicity effects of extracts were eval-
uated on the SH-SY5Y cells using the MTT assay after 24 h of
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Fig. 10. Impact of treatments on autophagy. The cells were pre-treated with BD (A), BB (B) and ST (C) before exposure to 2000 ©M MPP*, and autophagy was determined using the
autophagy detection kit. The graphs were prepared as mean + SEM of three experiments (n = 3) using GraphPad Prism 7 statistical software. The statistically significant changes are
denoted by asterisks (** p < 0.01, and *** p < 0.001) when extracts were compared with MPP*-treated cells and ® when controls were compared with MPP*-treated cells.

Declaration of competing interest

The authors declare there are no competing interests.

CRediT authorship contribution statement

Tusekile S. Kangwa: Writing — original draft, Investigation, For-
mal analysis. Donavon C. Hiss: Resources, Project administration.
Ahmed A. Hussein: Resources. Okobi E. Ekpo: Conceptualization,
Writing — review & editing, Supervision. Sylvester I. Omoruyi: Con-
ceptualization, Methodology, Formal analysis, Validation, Writing —
review & editing, Supervision.

Acknowledgments

The authors acknowledge Professor Christopher Cupido, Univer-
sity of Fort Hare, for identifying the plants.

References

Abramov, A.Y., Potapova, E.V., Dremin, V.V., Dunaev, A.V., 2020. Interaction of oxidative
stress and misfolded proteins in the mechanism of neurodegeneration. Life 10, 101

Adewusi, E.A., Fouche, G.F., Steenkamp, V.V., 2012. Antioxidant, acetylcholinesterase
inhibitory activity and cytotoxicity assessment of the crude extracts of Boophane
disticha. Aft. ]. Pharmacol. Ther. 1.

Adewusi, E.A., Steenkamp, P., Fouche, G., Steenkamp, V., 2013. Isolation of cycloeucale-
nol from Boophone disticha and evaluation of its cytotoxicity. Nat. Prod. Commun.
8,1934578 x 1300800906.

522

Amro, M., Teoh, S., Norzana, A., Srijit, D., 2018. The potential role of herbal products in
the treatment of Parkinson’s disease. Clin. Ther. 169, e23-e33.

Anding, A.L.,, Baehrecke, E.H., 2017. Cleaning house: selective autophagy of organelles.
Dev. Cell 41, 10-22.

Angelova, P.R., Abramov, A.Y., 2018. Role of mitochondrial ROS in the brain: from phys-
iology to neurodegeneration. FEBS Lett. 592, 692-702.

Aslantiirk, 0.S., 2018. In Vitro Cytotoxicity and Cell Viability Assays: Principles, Advan-
tages, and Disadvantages. InTech.

Bastida, J., Lavilla, R., Viladomat, F., 2006. Chemical and biological aspects of Narcissus
alkaloids. Alkaloids. Chem. Biol. 63, 87-179.

Boyd, R)J., Avramopoulos, D., Jantzie, L.L., Mccallion, A.S., 2022. Neuroinflammation rep-
resents a common theme amongst genetic and environmental risk factors for Alz-
heimer and Parkinson diseases. J. Neuroinflammation 19, 223.

Castilhos, T.S., Giordani, R.B., Henriques, A.T., Menezes, F.S., Zuanazzi, ].A.S., 2007. In
vitro evaluation of antioxidant, antiinflammatory and antimicrobial activities of
the montanine alkaloid. Rev. Bras. Farmacogn. 17, 209-214.

Castillo, W., Aristizabal-Pachoén, A., Montaldi, A., Sakamoto-Hojo, E., Takahashi, C.,
2016. Galanthamine decreases genotoxicity and cell death induced by B-amyloid
peptide in SH-SY5Y cell line. Neurotoxicology 57.

Chen, S., Zhang, X., Song, L., Le, W., 2012. Autophagy dysregulation in amyotrophic lat-
eral sclerosis. Brain Pathol. 22, 110-116.

Chu, C.T., Zhy, J.H,, Cao, G., Signore, A., Wang, S., Chen, ]., 2005. Apoptosis inducing fac-
tor mediates caspase-independent 1-methyl-4-phenylpyridinium toxicity in dopa-
minergic cells. J. Neurochem. 94, 1685-1695.

Cleeter, M.W.J., Cooper, ].M., Schapira, A.H.V., 2001. Nitric oxide enhances MPP+ inhibi-
tion of complex I. FEBS Lett. 504, 50-52.

Codogno, P., Meijer, AJ., 2005. Autophagy and signaling: their role in cell survival and
cell death. Cell Death Differ. 12, 1509-1518.

Conrad F. 2008. Molecular systematics, biogeography and dating of the tribe Haeman-
theae (Amaryllidaceae) and the phylogeography of Clivia.

Cortes, N., Sabogal-Guaqueta, A.M., Cardona-Gomez, G.P., Osorio, E., 2019. Neuropro-

tection and improvement of the histopathological and behavioral impairments in

amurine Alzheimer’s model treated with Zephyranthes carinata alkaloids. Biomed.

Pharmacother. 110, 482-492.

Costa, LM, Pedrosa, E.C.G.A, De Carvalho Bezerra, A.P. Fernandes, L.CB.,

De Paiva Cavalcanti, J.R.L, Freire, M.AM., De Aratjo, D.P., Do Rego, A.CM.,,

Araujo Filho, I, Pinheiro, F.I., 2020. Extracts and essential oils from medicinal plants

Da


http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0001
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0001
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0001
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0002
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0002
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0002
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0003
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0003
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0003
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0003
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0004
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0004
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0005
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0005
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0006
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0006
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0007
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0007
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0007
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0007
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0008
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0008
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0009
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0009
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0009
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0010
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0010
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0010
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0010
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0011
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0011
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0011
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0011
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0011
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0011
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0012
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0012
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0013
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0013
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0013
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0014
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0014
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0015
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0015
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0017
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0017
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0017
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0017
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0018
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0018
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0018
http://refhub.elsevier.com/S0254-6299(24)00081-4/sbref0018

	In vitro neuroprotective effects of boophone disticha, brunsvigia bosmaniae and strumaria truncata extracts in SH-SY5Y cells
	1. Introduction
	2. Materials and methods
	2.1. Preparation of plant material
	2.2. Cell culture and maintenance
	2.3. Treatments
	2.4. Cell viability assays
	2.5. Trypan blue exclusion assay
	2.6. Changes in cell morphology
	2.7. Measurement of intracellular ROS production
	2.8. Measurement of nitric oxide production
	2.9. Measurement of adenosine triphosphate levels
	2.10. Caspase 3/7 apoptosis assay
	2.11. Autophagy assay
	2.12. Statistical analysis

	3. Results
	3.1. Cytotoxicity screening of plant extracts to determine the optimum concentration
	3.2. Cytotoxic effect of MPP+on SH-SY5Y cell viability
	3.3. Neuroprotective effects of the plant extracts against MPP+-induced SH-SY5Y toxicity
	3.4. Effects of BD, BB and ST extracts against MPP+-induced reduction in cell number
	3.5. Effects of extracts on MMP+-induced morphological changes in SH-SY5Y cells
	3.6. Effects of BD, BB and ST extracts against MPP+-induced increase in ROS levels in SH-SY5Y cells
	3.7. Impact of treatments on nitric oxide (NO) in SH-SY5Y cells
	3.8. Extracts inhibit MPP+-induced depletion of cellular ATP
	3.9. Treatment with extracts rescued SH-SY5Y cells from MPP+-induced apoptosis
	3.10. Effects of treatments on autophagic activity in SH-SY5Y cells

	4. Discussion
	5. Conclusion
	Funding
	Availability of data
	Declaration of competing interest
	CRediT authorship contribution statement

	Acknowledgments
	References

	Size disclaimer form for ROCS Papers.pdf
	P259 Lion cheetah orexin
	Orexinergic neurons in the hypothalami of an Asiatic lion, an African lion, and a Southeast African cheetah
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Specimens
	2.2 | Sectioning and immunohistochemical staining
	2.3 | Anatomical reconstruction and photomicrography
	2.4 | Stereological analysis

	3 | RESULTS
	3.1 | Main, zona incerta, and optic tract clusters
	3.2 | Supraoptic cluster
	3.3 | Parvocellular cluster
	3.4 | Stereological analyses of main, zona incerta, optic tract, supraoptic, and parvocellular clusters
	3.5 | Potential additional clusters in the Asiatic and African lions

	4 | DISCUSSION
	4.1 | Main, zona incerta, and optic tract orexinergic clusters
	4.2 | Supraoptic orexinergic cluster
	4.3 | Parvocellular orexinergic cluster
	4.4 | Potential additional orexinergic neuron clusters in the Asiatic and African lions
	4.5 | Complexity of the orexinergic system in mammals

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ORCID
	PEER REVIEW

	REFERENCES


	Insert




