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ABSTRACT

Neurodegenerative disorders, particularly Alzheimer’s disease (AD), represent a major global health challenge due to
their increasing prevalence, progressive nature, and limited therapeutic options. Current pharmacological therapies mainly
provide symptomatic relief and are often associated with limited efficacy and adverse effects. Consequently, there is
growing interest in medicinal plants and natural products possessing multi-target therapeutic potential. The genus
Zephyranthes (family Amaryllidaceae), commonly known as rain lilies, is a rich source of biologically active
phytoconstituents, especially Amaryllidaceae alkaloids, which exhibit diverse pharmacological activities including
neuroprotective, antioxidant, anti-inflammatory, and acetylcholinesterase inhibitory effects.

This review summarizes the phytochemical profile, traditional uses, and neuroprotective potential of different
Zephyranthes species and their bioactive constituents in the management of neurodegenerative disorders. Major alkaloids
such as galantamine, lycorine, haemanthamine, narciclasine, and related compounds have demonstrated promising effects
through modulation of multiple signalling pathways associated with neurodegeneration, including cholinergic
dysfunction, oxidative stress, neuroinflammation, apoptosis, protein aggregation, and impaired neurogenesis. In addition
to alkaloids, phenolic compounds and flavonoids from Zephyranthes species contribute significantly to their antioxidant
and anti-inflammatory activities.

The evidence discussed in this review highlights the therapeutic relevance of Zephyranthes as a potential source of multi-
target neuroprotective agents. However, further experimental, toxicological, pharmacokinetic, and clinical investigations
are necessary to validate their efficacy and safety for the development of novel therapeutics against Alzheimer’s disease
and other neurodegenerative disorders.

KEYWORDS: Zephyranthes; Neuroprotection; Alzheimer’s disease; Neurodegenerative disorders; Amaryllidaceae
alkaloids

1. INTRODUCTION

According to WHO, the number of people living with dementia across the world is expected to rise from 55 million in
2019 to 139 million in 2050. World Alzheimer's report mentions dementia as the seventh leading cause of mortality and
expects the costs associated with dementia to rise more than double from US$1.3 trillion per year in 2019 to 2.8 trillion
dollars by 2030'. Neurodegenerative diseases (NDDs) become a leading cause of debility and death, especially in low-
and middle-income countries due to population growth, and genetic, environmental, and age-related factors?.

Despite significant research, finding a definitive cure for Alzheimer’s disease (AD) has indeed proven to be challenging.
The two main classes of FDA-approved medications for AD currently in the market are cholinesterase inhibitors (ChEI’s)
like Rivastigmine, Donepezil, and Galantamine and N-methyl-D-aspartate (NMDA) receptor antagonist memantine. ChEI
enhances the levels of acetylcholine, a neurotransmitter involved in memory and learning, by inhibiting its breakdown by
cholinesterase (ChE). Apart from inhibiting ChE, Galantamine was able to modulate nicotinic receptors, further enhancing
cholinergic function. NMDA receptor antagonist memantine helps to modulate glutamate levels, thus preventing
excitotoxicity and neuronal dysfunction. These medications primarily aim to manage and alleviate the symptoms
associated with AD, such as cognitive decline and memory loss, but are unable to alter the underlying disease process or
provide a cure®.

The use of alternative systems of medicine, including herbal preparations, has a long history and is still prevalent in many
cultures around the world. These systems often encompass traditional practices, holistic approaches, and natural remedies
derived from plants and other sources. There has been a growing interest in alternative medicine nowadays due to concerns
about rising adverse effects*
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Due to the complex pathology of neurodegenerative diseases, mono-target therapy fails often in treating them and thus
nutraceuticals with multiple natural ingredients that can target multiple signaling pathways are in the spotlight in treating
neurodegenerative diseases. This review article aims to explore the potential ability of Zephyranthes and its
phytoconstituents in Alzheimer’s disease by targeting the signaling pathways underlying the pathogenesis of the disease
and its validity as a better treatment option.

2. Genus Zephyranthes: Occurrence

The family Amaryllidaceae consists of about 82 subordinate taxa with almost 2258 accepted species of
monocotyledonous, bulbous flowering plants distributed in three subfamilies namely Agapanthoideae, Allioideae, and
Amaryllidoideae. Zephyranthes Herb. is a genus belonging to the Amaryllidaceae family within the order Asparagales
with almost 90 species, commonly known as ‘rain lily’ > °. According to the literature, there are over 500 Amaryllidaceae
alkaloids with proven medicinal value found in warm-temperate and tropical regions of America and Antilles’.

2.2. Traditional uses

Zephyranthes Herb. have been used traditionally in several countries since ancient times. Zephyranthes parulla Killip was
used in the history of Peru for treating tumors and Zephyranthes rosea Lindl. was used in China for the treatment of breast
cancer. Zephyranthes Candida Herb. has been employed for the treatment of diabetes mellitus in Africa, Poliovirus in
Nigeria, and infantile convulsions, tetanus, and epilepsy in China’®. Bulb extracts of Zephyranthes rosea and
Zephyranthes flava were used for the management of Diabetes mellitus, ear, chest, and viral infections in India’.
Zephyranthes carinata was reported to be used in Toba medicine in Argentina for acne, pimples, warts, mycosis, chicken
pox, and measles'?.

3. Phytochemistry of genus Zephyranthes

There were several reports on the phytochemical studies of different Zephyranthes genus. However, the majority of

attention in phytochemical studies has been given to analysing alkaloids, with little regard for other constituents of this
7,8, 11-38

genus.” & 1178,

3.1. Alkaloids

Alkaloids are organic compounds derived from amino acids and contain nitrogen. They have a wide range of activities,
including neuroprotective, cardioprotective, anticancer, anti-inflammatory, anti-hypertensive, and anti-diabetic actions®”
40_ All the members of the genus Zephyranthes are rich sources of isoquinoline alkaloids, also known as Amaryllidaceae
alkaloids. Recent investigations of the phytochemistry of Amaryllidaceae alkaloids have led to the development of a new
12-type classification system based on their ring systems including norbelladine type, lycorine type, homolycorine type,
crinine and haemanthamine type, tazettine type, montanine type, plicamine type, graciline type, galanthindole type,
galanthamine type, phenanthridone and phenanthridine type and other minor species populations based on their ring
systems*!. Despite the differences in their structure, all Amaryllidaceac alkaloids are formed biogenetically by
intramolecular oxidative coupling of norbelladine.

The majority of reported Amaryllidaceae alkaloids of the genus Zephyranthes belongs to the Lycorine, homolycorine,
galanthamine, crinine, haemanthamine, narciclasine, tazettine, plicamine and pancratistatin skeleton types*?. Recently, a
Narcikachnine-type alkaloid, Narcieliine, mesembrine type alkaloid, 3'- dimethoxy-6-epimesembranol and a graciline-
type alkaloid, Zephyranine B was isolated from Zephyranthes citrina, Zephyranthes fosteri, and Zephyranthes candida
respectively. Zephyranine A from Zephyranthes candida represents the first naturally occurring 10b,11-seco-crinine type
alkaloid. Among the Amaryllidaceae alkaloids, Galanthamine has been introduced into the market for treating mild-
moderate symptoms of Alzheimer’s disease whereas lycorine-, haemanthamine- and narciclasine-type alkaloids have been
used as lead molecules in anticancer research®—#7,

3.2. Phenolic compounds

Phenolics are a group of polyphenolic compounds that are commonly found in plants. This group includes phenolic acids,
flavonoids, tannins, stilbenes, and lignans. These molecules have potent antioxidant properties and can help prevent
diseases resulting from oxidative stress.**There were a few reports on the presence of phenolic compounds in
Zephyranthes genus. Both the methanolic extract of Zephyranthes citrina and the ethanolic extract of Zephyranthes
candida reported the presence of significant amounts of total phenols along with moderate amounts of total flavonoids
and tannins*®>°

3.3. Flavonoids

Flavonoids are important polyphenolic compounds commonly found in fruits, herbs, roots, vegetables, flowers, and seeds.
They have been extensively used as neuroprotective, anticancer, antiviral, antimalarial, antiangiogenic, antimicrobial,
anti-inflammatory, and antioxidant agents. Anthoxanthins (flavanone and flavanol), flavanonols, flavans, chalcones,
isoflavonoids, and anthocyanidins are the different subgroups of flavonoids®'=3.

Zephyranthes flava bulbs, Zephyranthes candida, and Zephyranthes ajax are rich sources of flavans. Flavonoids isolated
from the whole plants of Zephyranthes candida showed significant anti-inflammatory properties and efficacy against
pOliOViI'IlS 14,28, 35, 52, 54.
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3.4. Volatile components

Among various members of Zephyranthes, Zephyranthes candida flowers extracted using headspace-solid phase micro-
extraction (HS-SPME) and analyzed by gas chromatography-mass spectrometry (GC-MS) reported the presence of a wide
variety of volatile components, with the major constituents being 1-hexanol, methyl heptanoate, hexyl acetate, 2-acetyl
pyrrole, methyl-a-D-rhamnopyranoside, phenethyl alcohol, heptanoic acid, and 1-octanol®. Later seventeen volatile
compounds were also identified in Zephyranthes candida flowers, with 16 terpenoids and a non-terpenoid alkene (E)-9-
octadecene *°.

3.5. Ceramides

Ceramides are a diverse group of sphingolipids that are crucial in maintaining the skin's water permeability barrier
function. They also act as signaling molecules in programmed cell death and apoptosis. Recent phytochemical studies on
Zephyranthes candida have reported the presence of ceramides, such as Candidamide A, Candidamide B, Zephyranamide
A, B, C, and D, which were the first ceramides reported in Amaryllidaceae. Among them, Candidamide A and
Candidamide B showed moderate activity against bacteria and fungi, including Staphylococcus aureus, Escherichia coli,
Aspergillus niger, Candida albicans, and Trichophyton rubrum.’’-°

3.6. Glycosides
There were only limited reports regarding the presence of glycosides in Zephyranthes. A narciclasine glycoside,
narciclasine-4-O-B-D-xylopyranoside was reported from the n-butanol fraction of Zephyranthes minuta®.

3.7. Other compounds

Apart from the above-mentioned phytoconstituents Zephyranthes genus consists of several other compounds like p-
hydroxybenzaldehyde, and sterols’. Two undescribed constituents, Zephyranthine-6-one and 3-O-deacetyl-sternbergine
were also isolated from Zephyranthes candida recently®!.

4. Modulation of multiple signalling pathways of neurodegeneration by genus Zephyranthes and their bioactive
constituents

4.1. Neuroprotective activities of extracts from Zephyranthes Species

Members of the Amaryllidaceae family, including the genus Zephyranthes exhibit a variety of physiological effects like
Acetylcholine esterase (AChE) Inhibition, analgesic, anti-bacterial, anti-fungal, anti-malarial, anti-tumour, anti-viral and
cytotoxic activities, of which the most important is AChE Inhibition’. Scientific evidence suggests that, apart from
providing symptomatic relief ChEI’s can provide neuroprotective effects by modulating and activating many cell survival
pathways downstream®. Thus, modulation of the Acetylcholine (ACh) level helps in mitigating cognitive impairments in
AD, and ChEIs from the Amaryllidaceae family are in the spotlight for Alzheimer’s research.

Alkaloidal extracts and alkaloids of several species of Zephyranthes belonging to the Amaryllidaceae family were
reported to possess significant AChE inhibition making them promising candidates as ChEIs in AD research*’%-7! Apart
from inhibiting choline esterases, several researchers have also reported the antioxidant potential of Zephyranthes plants.
They conducted studies to assess the antioxidant capacity of these plants by evaluating their ability to scavenge DPPH
and ABTS radicals. The findings of these studies provide valuable insights into the antioxidant properties and free radical-
scavenging potential of Zephyranthes species. Zephyranthes rosea flower extract and silver oxide nanoparticles (Ag>O
NPs) were tested for their antioxidant activity using DPPH assay. Both, the extract and silver oxide nanoparticles,
exhibited significant anti-oxidant activity with an increase in concentration. Also, the Ag>O NPs showed better antioxidant
activity than the Z. rosea flower extract’?,

The methanolic extract of Zephyranthes citrina (MEZ) was screened for its in vitro antioxidant activity using DPPH assay.
MEZ showed excellent free radical scavenging activity (88%), possibly due to the presence of several antioxidant
phytochemicals like flavonoids and phenolic compounds, particularly methyl gallate and gingerol. Methyl gallate might
have upregulated the antioxidant enzymes thus protecting different tissues against the deleterious effects of toxic
compounds while Gingerol inhibited lipid peroxidation and provided an antioxidant effect by its free radical scavenging

activity”.

Zephyranthes species possess potent anti-inflammatory properties; however, there are limited studies on their anti-
inflammatory potential. Alkaloidal fraction (10pg/ml) of Zephyranthes carinata (bulb) showed the highest anti-
inflammatory potential with a decrease in IL-6 production by 90.8% in keratinocytes exposed to ultraviolet B radiation’.
Also, alkaloidal fractions of Zephyranthes carinata (bulbs and leaves) exhibited neuroprotective potential in an in vitro
excitotoxicity model and a triple transgenic model of Alzheimer's disease (AD), and among them, alkaloidal fractions of
bulbs were more efficient in protecting neurons against Glu-mediated excitotoxicity, improving learning and spatial
memory, reducing tauopathy and astrogliosis, and regulating inflammatory processes.”.

4.2. Amaryllidaceae alkaloids as neuroprotective agents

4.2.1. Galanthamine-type alkaloids

Cholinergic transmission plays a vital role in neuronal plasticity and survival and Acetylcholine (ACh) is the major
neurotransmitter released by cholinergic neurons involved in learning and memory. 7°. However, Acetylcholine is rapidly
degraded by Acetylcholine esterase (AChE) into choline and acetate which can lead to cognitive impairment’’. Choline
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esterase inhibitors (ChEIs) can maintain proper levels of ACh by decreasing its breakdown and allowing a higher
occupancy rate and longer duration at its receptor 7%,

Galantamine is a well-known Amaryllidaceae alkaloid available in the market for the symptomatic treatment of AD.
Most studies have reported that amaryllidaceae alkaloids of the galanthamine and lycorine skeleton types were more
effective than others in inhibiting AChE®*#, The potency of Galanthamine for AChE was found to be consistent with an
average ICso value of 1.5 uM in several studies®!. Sanguinine (O-desmethyl galanthamine) was found to be ten times
more potent than galanthamine (ICs5=0.1 uM)*,

Apart from inhibiting AChE, Galantamine also enhances the expression and activation of a7nAChRs and acts as an
allosteric enhancer of human 04/B2 neuronal nAChR®. Several studies proposed that Galantamine exhibits a dual mode
of action on nAChR i.e, at low concentrations (< 1uM), it acts as a positive allosteric modulator (PAM), while at higher
concentrations (> 10uM) it behaves as an antagonist. However, a few studies have also reported that galantamine inhibits
nAChRs 8 %, However, further studies are necessary to resolve these discrepancies.

There were previous studies about the interplay between AChE and neuroprotection. However, potent AChE blockers
like Tacrine and Physostigmine were not able to protect rat cortical neurons from glutamate toxicity®. This suggests that
neuroprotective activity exhibited by AChEIs are not directly related to AChE inhibition . Although there are several
studies about the neuroprotective ability of AChE inhibitors, the results are mostly controversial.

Galantamine was able to prevent cell death induced by APi.4 and thapsigargin in human neuroblastoma cell line SH-
SYSY as well as in bovine chromaftfin cells in a concentration-dependent manner. Galantamine caused sustained elevation
of density of a7nAChRs, cytosolic Ca®* levels, and expression of anti-apoptotic protein Bcl-2. These protective effects of
Galantamine were reversed by a-bungarotoxin and suggest that Galantamine can prevent apoptotic cell death by inducing
neuroprotection by upregulation of a7nAChRs and Bcl-2 levels®®.

This mechanism of Galantamine was supported by another study in the human neuroblastoma cell line SH-SYS5Y. They
also supported that the neuroprotective effect of Galantamine was due to its interaction with a7nAChR and downstream
activation of the Phosphoinositide 3 kinase (PI3K)-Akt pathway with increased expression of anti-apoptotic protein Bel-
2. An interruption in this pathway by an a7nAChR antagonist, Methyllycaconitine (MLA), selective PI3K-Akt inhibitor
LY294002 and Bcl-2 antagonist HA 14-1 reversed the effects of Galantamine ¥.

a7nAChRs bind with high affinity to AP peptides and can result in intraneuronal accumulation of A .42 and AP induced
tau-protein phosphorylation®®. The neuroprotective activity demonstrated by Galantamine in AB;.40 and Apas.3s induced
apoptosis in SH-SYS5Y cells was associated with a7nAChR®- °!. Moreover, Galantamine inhibited AB;.4 induced
apoptosis by enhancing a7nAChR expression by activating the JNK Pathway as well as autophagosome biogenesis and
autophagy by inhibiting the Akt pathway. Furthermore, these effects can be reproduced by a7nAChR overexpression
even in the absence of Galantamine®®.

In addition to improving cognitive and behavioural symptoms, Galantamine has disease-modifying and neuroprotective
properties. Recent results have shown that high-dose treatment with Galantamine delayed AP plaque formation and
reduced gliosis in 5XFAD mice®?. Galantamine exhibited neuroprotective effects by preventing the release of reactive
oxygen species (ROS), nitrite generation, and loss of mitochondrial activity in an H,O»-induced oxidative stress model in
SK-N-SH cells®.

Cognitive impairment in AD is also linked with neurodegeneration and a subsequent decline in levels of growth factors
like brain-derived neurotrophic growth factor, nerve growth factor, vascular endothelial growth factor, and insulin-like
growth factors (IGF-1 and IGF-2). Studies proposed that neurogenesis can act as a defense strategy against
neurodegeneration in AD. Galantamine enhanced neurogenesis via activating M; muscarinic and a7nAChR and
upregulating IGF-2 levels, promoting the survival of immature cells in the granule cell layer®*.

4.2.2. Lycorine-type alkaloids

Lycorine-type alkaloids are the most diverse group among amaryllidaceae alkaloids. Lycorine exhibited several
pharmacological activities like anti-viral, anti-oxidant, anti-cancer, and anti-inflammatory effects®>~*®. Lycorine functions
as a natural antioxidant by inhibiting lipid peroxidation and displaying high scavenging activity for free radicals, hydrogen
peroxide, and superoxide anions. °°. Lycorine reduces inflammatory cytokines and oxidative stress markers by inhibiting
the HMGB1/TLRs/NF-kB pathway®®. Norbelladine, a precursor of Lycorine, can also inhibit NF-xB activation and
associated cyclooxygenases (COX), as well as quench free radicals even at low concentrations. .

Although Lycorine exhibits low inhibitory properties towards choline esterases, its acylated and etherified analogues are
more effective in inhibiting them. 9192, Galanthine is a type of lycorine alkaloid found in Z. carinata. It is a powerful
inhibitor of acetylcholinesterase (AChE), with an IC50 value of 6.10+0.26 uM. This suggests that the 9-OCH3 group is
an essential component for the activity of lycorine-type alkaloids. Interestingly, the study also found that an N-oxide
moiety is a deactivating group for AChE inhibitory activity. 1-O-acetyllycorine has double the AChE inhibitory activity
(IC50=0.96+0.04uM) compared to Galanthamine (IC50=1.9+0.16 uM) when tested with Electric eel AChE. 8 103,
However, it was not effective against human AChE and has an ICso > 1000 uM suggesting that different types of AChE
enzymes can often result in significant differences in ICso values®.

Lycorine activates Protein Kinase A (PKA)-mediated Ubiquitin-proteosome system (UPS), promoting o-synuclein
clearance in-vitro and in-vivo. It has the potential to treat neurodegenerative diseases like Parkinson’s disease, associated
with UPS dysregulation and protein aggregation. '%. Lycorine has been found to have potent anti-inflammatory effects
by blocking the upregulation of nitric oxide synthase (iNOS) and COX-2 and inhibiting Prostaglandin E2 (PGE2), nitric
oxide (NO), interleukin-6 (IL-6), and tumour necrosis factor-o. (TNF-a) in RAW264.7 cells. By suppressing the p38 and
STAT pathways without interfering with the phosphorylation of the ERK1/2, INK1/2, and NF-«B pathways, Lycorine
was able to increase the survival rate of mice challenged with LPS. 1%, Lycorine hydrochloride, which is a salt of lycorine,
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has been found to effectively prevent premature cellular senescence caused by stress. It achieves this by enhancing the
expression of critical longevity genes, SIRT1 and SIRT6, thereby regulating the Homologous recombination (HR) and
Non-homologous end-joining (NHEJ) repair pathways. This study confirms the potential of lycorine hydrochloride as a
therapeutic agent for treating age-related illnesses or promoting healthy aging by stabilizing the genome '%.

4.2.3. Crinine and Haemanthamine type alkaloids

Due to the higher failure rates encountered by single targeted drugs in AD, novel aromatic esters were developed from
haemanthamine and among them four semisynthetic derivatives of haemanthamine, namely 11-O-(2-methoxybenzoyl)-
haemanthamine, 11-O-(4-nitrobenzoyl)-haemanthamine, 11-O-(4-chlorobenzoyl)-haemanthamine, and 11-O-(2-
methylbenzoyl)-haemanthamine, exhibited significant cholinesterase activity and GSK-3f inhibition properties. They
also showed the ability to cross the blood-brain barrier via passive diffusion.!'?7 198,

Even though Haemanthamine doesn’t exhibit a significant choline esterase inhibitory potential, it was able to inhibit a7,
a4p2, and a3p4 nAChRs'®. Haemanthamine-type alkaloids such as Zephyranine B, haemanthamine, haemanthidine, and
11-hydroxy vittatine from Zephyranthes candida also exhibited potent anti-inflammatory activity against LPS-induced
NO production in macrophages of RAW264.7 and haemanthamine being most active . The anti-inflammatory activity
of Haemanthidine was also supported by its activity against Carrageenan-induced paw edema in mice where it shows
anti-inflammatory properties greater than that of Indomethacin.!'°,

4.2.4. Tazettine-type alkaloid

Tazettine was able to reduce intracellular ROS by modulating endogenous antioxidant mechanisms and free radical
stabilizing activity in a study assessing the photoprotective potential of different HaCaT cells. Tazettine also protected
human keratinocytes from ultraviolet-B (UVB)- induced IL-6. Thus, tazettine was found to possess significant antioxidant
and anti-inflammatory properties!'!!.

4.2.5. Phenanthridone and Phenanthridine type alkaloids

Narciclasine is an isocarbostyril Amaryllidaceae alkaloid with remarkable activity against AD, cancer, obesity,
Rheumatoid arthritis (RA), and inflammation. The modulating effects of Narciclasine in inflammation have been depicted
by various experimental results. Published evidence supports the role of AMPK in the regulation of cellular metabolism
and its anti-inflammatory and immunosuppressive effects. Narciclasine (NA) was able to suppress T-cell mediated
immune reactions by activating AMPK pathway and thus reducing serum cytokine levels''?. It was also evident that
Narciclasine can downregulate Akt/IKK/NF-kB and JNK signalling pathways, and directly inhibit the catalytic activity of
IKKo/B thus can be a potential candidate for alleviating neuroinflammation in neurodegenerative disorders!!®. By
activating Toll-like Receptor 4 (TLR4)/Nuclear factor (NF)-kB/Cyclooxygenase 2 (Cox2) signaling pathway Narciclasine
was able to exert an anti-inflammatory effect!!®. Narciclasine offered beneficial effects in the treatment of AD by
improving disrupted memory and inhibiting amyloid plaque formation by downregulating amyloid precursor protein and
secretases 13

4.2.6. Other alkaloids

Plicamine alkaloids Zephygranditine A and B displayed anti-inflammatory activity by inhibiting the production of NO
and COX-1/COX-2 13

4.2.7. Flavanoids as anti-inflammatory agents

Flavanoids are a class of phytochemical compounds widely distributed in plants, however are rare in the genus
Zephyranthes. Flavanoids from Zephyranthes candida exhibited activity against LPS-induced NO production in RAW
264.7 mouse macrophages thus emphasizing the anti-inflammatory properties of flavonoids present in Zephyranthes*2.

5. CONCLUSION

The genus Zephyranthes represents a promising source of bioactive phytoconstituents with significant neuroprotective
potential against neurodegenerative disorders, particularly Alzheimer’s disease. Various species of Zephyranthes are rich
in Amaryllidaceae alkaloids such as galantamine, lycorine, haemanthamine, narciclasine, and related compounds, along
with phenolics and flavonoids that exhibit antioxidant, anti-inflammatory, cholinesterase inhibitory, and neuroprotective
activities. These phytochemicals act through multiple signalling pathways involved in neurodegeneration, including
modulation of cholinergic neurotransmission, inhibition of oxidative stress, suppression of neuroinflammation, regulation
of apoptotic pathways, enhancement of neurogenesis, and reduction of protein aggregation.

Among these constituents, galantamine has already gained clinical importance as an approved therapeutic agent for
Alzheimer’s disease, highlighting the medicinal relevance of Amaryllidaceae alkaloids. In addition, several other
alkaloids and extracts from Zephyranthes species have demonstrated encouraging in vitro and in vivo neuroprotective
effects, suggesting their potential as multi-target therapeutic agents for complex neurodegenerative conditions.

Although existing findings strongly support the therapeutic prospects of Zephyranthes, comprehensive pharmacological,
toxicological, mechanistic, and clinical studies are still required to validate their efficacy and safety. Future research
focusing on isolation of novel compounds, molecular target identification, pharmacokinetic profiling, and clinical
evaluation may facilitate the development of effective plant-derived therapeutics for neurodegenerative diseases.
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