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1. INTRODUCTION

Chronic diseases are becoming a true global challenge and burden for a health
care, and today they are the leading causes of death and disability (Murray et
al., 2020). Such diseases include e.g., different types of cancers, asthma, heart
diseases, neurodegenerative central nervous system (CNS) diseases and type 2
diabetes. The treatment of the present diseases is increasingly promoted by a
modern drug therapy based on either synthetic (chemistry-based) or medicinal
plant origin therapeutic agents.

Medicinal plants that have been used since prehistoric times have been pro-
ved to be the highly successful source for the discovery of new drugs with
chemical and biological diversity (Atanasov et al., 2015). It is estimated that
approximately 94% of existing plant species have not been pharmacologically
studied to date. Thereby, medicinal plants still offer an important and potential
pool with a huge number of unknown compounds to be discovered and studied
(Cragg & Newman, 2013). Today, the powerful isolation, identification and
structure elucidation techniques enable us to discover and investigate promising
new drug candidates of plant origin. The modern isolation techniques such as
preparative high-performance liquid chromatography (HPLC), centrifugal parti-
tion chromatography or support-free liquid-liquid chromatography have faci-
litated the isolation of active compounds from natural products (Renault, 2015).
Furthermore, nuclear magnetic resonance (NMR) spectroscopy or high-resolu-
tion mass spectrometry (HRMS) or combined methods such as liquid chromato-
graphy—HRMS or the integration of HRMS and NMR spectroscopies have been
applied to simplify structure elucidation of organic compounds even very small
amount (less than 10 pg) (Elyashberg, 2015; Atanasov et al., 2021).

The drug substances isolated from plants could present poor water solubility,
limited dissolution rate, poor absorption in the body, limitations in target-spe-
cific drug delivery, high level of metabolization and fast excretion process, thus
leading to a low oral bioavailability and reduced therapeutic effect. These limi-
tations significantly restrict their utility in clinical practice (Junior et al., 2018).

Nanotechnology is an emerging field of science, and it has found uses in a
wide range of applications in medicine, especially in the development of ad-
vanced drug delivery systems (DDSs). Nanoscale DDSs provide a novel and
powerful alternative for conventional dosage forms intended for the delivery of
potential new drugs of plant origin (Patra et al., 2018; Zhang et al., 2018).
Nanotechnology-based DDSs enable to enhance the water-solubility of drugs, to
improve the stability of herbal medicines from enzymatic degradation, to en-
hance the delivery of actives to the desired target and/or inside the cell
membrane, to reduce therapeutic dose and to reduce adverse effects (Ertas et al.,
2021; Teja et al., 2022). Nanotechnology-based DDSs for plant-origin actives
have been proven to increase several to hundred times oral bioavailability com-
pared to active pharmaceutical ingredient (API) alone (Teja et al., 2022). Hence,
it is expected that a combination of herbal medicines with pharmaceutical
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nanotechnology can be a key tool for the advancement of medicinal plant re-
search and therapy (Teja et al., 2022).

Electrospinning (ES) is a versatile and viable method for fabricating uni-
form and ultrathin fibers (Xue et al., 2019). The electrospun nano- and micro-
fibers enable to generate flexible DDSs and to achieve versatile drug release
kinetics to accomplish multiple therapeutic needs. Such polymeric nano- and
microfibers as DDSs can improve for example oral bioavailability and thera-
peutic effects of API(s) owing to the appropriate site, timing and rate for a drug
release (Kajdic et al., 2019).

Vietnamese traditional medicine has a long and prestigious history, and it
still plays a primary role in the healthcare system of Vietnam. Vietnamese tradi-
tional medicine consists of a number of herbal medicines, indigenous folk
therapies, and practices from total 54 Vietnamese ethnic groups (Woerdenbag et
al., 2012; Nguyen et al., 2016). In particular, the three species of higher plants
such as Chisocheton paniculatus Hiern, Alphonsea tonkinensis A.DC. and
Zephyranthes ajax Hort. growing in Vietnam are known as medicinal plants in
traditional medicine, but only C. paniculatus has been studied scientifically. In
the present doctoral research work, the first aim was to gain knowledge on the
chemical composition and bioactivity of herbal extracts and compounds isolated
from these medicinal plants. The chemical structure of the compounds was first
determined/elucidated, and then the in-vitro bioactivity was evaluated (in-
cluding anti-cancer cytotoxicity, anti-inflammatory and anti-acetylcholineste-
rase (AChE) activity). The second objective of the study was to develop novel
nanotechnology-based DDSs for the present herbal extract(s) and constituent(s).
More specifically, the goal was to design and fabricate electrospun amphiphilic
nanofibers (NFs) loaded with a plant-origin API intended for the solid template
of self-assembled liposomes. The physicochemical solid-state properties, in-
vitro performance (dissolution) and stability of the present nanoformulation,
were investigated.
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2. LITERATURE REVIEW

2.1. Medicinal plants and traditional medicine

Natural products and especially medicinal plants have been utilized to prevent,
alleviate and treat diseases since prehistoric times (Yuan et al., 2016). Evidence
from fossil records shows that 8 plants were used as medicines at least 60,000
years (White, 2009). Plants provide a major source for drug discovery (Mushtaq
et al., 2018), and it is estimated that more than 300,000 secondary metabolites
potential for new drug candidates are present in the nature (Buxani et al., 2014).
The first pharmacologically active compound, morphine, was isolated from
opium in the beginning of the nineteenth century, and since then numerous
active compounds have been isolated and identified from plants (Atanasov et
al., 2015). Within the past decades, however, the importance of medicinal plants
has decreased due to the development of synthetic techniques. Since synthetic
compounds are easy to produce and resupply, and since they have a good com-
patibility with established high-throughput screening platforms, pharmaceutical
industry has started to pay particular attention on synthetic compound libraries
as drug discovery source (Atanasov et al., 2015). In spite of this, medicinal
plants still play an important role in the identification of novel drug leads, and
natural products are still in a constant and wide use (Yuan et al., 2016; Newman
& Cragg, 2020; Atanasov et al., 2021). According to the World Health Orga-
nization (WHO), approximately 80% of the world’s population relies on herbs
for their medicine needs (Sayed et al., 2021).

Phytotherapy (“therapy by plants™) is a field of medicine that uses plants to
cure diseases, relieve symptoms or as health-promoting agents (Falzon & Bala-
banova, 2017; Leite et al., 2021). Phytotherapy relies on a long-term popular
knowledge and scientific experience. Since 8,500 BC, the phytotherapeutic
practices have represented the fundamental care in the developing countries,
and popular complementary and alternative medicine in the developed countries
(Leite et al., 2021).

Similarly, traditional medicine has significantly contributed to modern medi-
cine. Traditional medicines of different countries, such as traditional Chinese
medicine, Kampo, Indian Ayurveda, Arabic Unani medicine, traditional Korean
medicine and traditional Vietnamese medicine, have been practiced for thou-
sands of years (Alves & Rosa, 2007; Yuan et al., 2016). Traditional medicine
represents the oldest form of health care, and the use of natural products has
incomparable advantages. In addition, traditional medicine comprises of thou-
sands of medicines with a diversity of chemical structures and pharmacological
activities (Alves & Rosa, 2007; Zhang et al., 2012). Today, despite some
defects, traditional medicine still plays an essential role in the prevention and
treatment of physical and mental illnesses of many countries, and it is still a
valuable repository of human knowledge (Yuan et al., 2016).

The inextricable link to traditional medicine and phytotherapy is phyto-
chemistry (Cordell, 2011b; Egbuna et al., 2018). Phytochemistry is defined as
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study of chemical composition of plants, particularly the secondary metabolites
such as phenolics, terpenes, plant steroids, alkaloids, flavonoids, lignans, curcu-
mines, saponins, flavonoids and glucosides, which are synthesized as a measure
for self-defense against invasive factors. Phytochemistry investigates the struc-
tural constitutions of these metabolites, mechanisms of action, biosynthetic
pathways, functions and medicinal and commercial applications (Egbuna et al.,
2018). Practice shows that phytochemistry provides strong evidence bases for
traditional medicine and phytotherapy, and plays a crucial role in fostering drug
discovery and in the development of novel therapeutic agents (Cordell, 2011b;
Egbuna et al., 2018).

2.2. Medicinal plants as resources of new drugs

Today, many chronic diseases, such as cardiovascular disease, cancer, Alzhei-
mer’s disease (AD), chronic respiratory diseases and diabetes are becoming true
global health problems. The above-mentioned diseases attributing to three out
of five deaths are the leading causes of death and disability worldwide (Yach et
al., 2005; Wang et al., 2016).

2.2.1. Advantages and limitations
of plant-based drug discovery

Higher plants that have been used since ancient times are well known to be a
rich source for drug discovery. A high number of species enable also to generate
a diversity of bioactive compounds for medicinal applications (Lachance et al.,
2012). It is estimated that only 6% of existing plant species have been syste-
matically investigated pharmacologically and only about 15% have been studied
in phytochemistry (Cragg & Newman, 2013). Thus, there are a huge number of
unknown compounds in higher plants for the scientists to be discovered and
studied. Such plant-origin compounds are also made from living organisms that
are evolutionarily optimized to operate specific biological functions comprising
adjustment of defense mechanisms and the competitive interaction with other
organisms, thus possessing properties with high relevance to disease treatment
(Atanasov et al., 2015, 2021). The bioactive compounds isolated from medici-
nal plants could have unique pharmacokinetics and selective biological effects
owing to their biosynthesis (Clardy & Walsh, 2004; Koehn & Carter, 2005).
This explains the fact that more than half of the approved small-molecule drugs
have been derived from or inspired by natural products (most from plants) in the
last four decades (Newman & Cragg, 2020; Dehelean et al., 2021). It is also
worth to mention that the knowledge of local ethics in medicine is a big
advantage in discovering new medicines from herbs, since it saves a lot of time,
effort and money. Therefore, searching active compounds from medicinal plants
based on the experience of ethnic minorities could contribute the development
of new drugs for human society (Mohanity et al., 2017).
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Despite these advantages and the past success, many pharmaceutical com-
panies have cut back on their use of natural products and medicinal plants in
drug discovery due to several drawbacks (Atanasov et al., 2021). The assess-
ment of plant material therapeutic claims is obstructed due to unstable quality
and composition. The chemical constitution is dependent on many factors in-
cluding species identity, harvest time, soil composition, altitude, actual climate,
processing, and storage conditions. Moreover, the transformation and degra-
dation of compounds can arise in the extraction and isolation processes (Bucar
et al.,, 2013). A major challenge for plant-based drug discovery is that the
amount (quantity) of numerous compounds isolated from higher plants are often
insufficient for testing for a wide range of biological activities, particularly for
characterizing the pharmacological activity of components. This challenge
becomes even more serious, if some compound is identified as a very promising
pharmaceutical lead. Recollections of wild species may be complicated due to
changes of plant habitats of season-dependent chemical composition (David et
al.,, 2015). In many cases, plant populations become threatened because of
large-scale wild-crafting when it becomes commercialization of herbal medi-
cines or one of its constituents recognized as a drug candidate (Cordell, 2011a),
such as the “taxol supply crisis” (Cragg et al., 1993). Another major challenge is
that natural products with complex chemical structures (i.e., numerous oxygen-
containing substituents and chiral centers) lead to the challenges in total
synthesis or derivatization, thus arising complications related to the resupply of
bioactive natural (Atanasov et al., 2015). Further limitations related to drug
discovery programs may occur from the fact that medicinal plants are com-
monly incompatible with high-throughput screening (Koehn & Carter, 2005).
The well-known drawbacks of plant-origin drug candidates are related to their
poor water solubility, restricted rate of dissolution, instability in low pH values,
fast metabolization and rapid clearance process, thus resulting in limited oral
bioavailability and less or no therapeutic effect. These challenges limit their
application in clinical practice (Junior et al., 2018).

In spite of the limitations mentioned above, medicinal plants remain a pro-
mising resource of drug candidates in the current and future development
pipeline. The scientific and technological advances associated with a natural
product research will enhance the discovery of new drug candidates especially
from previously inaccessible plant sources. The chemical and biological diver-
sity of medicinal plants is an appropriate source to supply the core scaffolds for
future drugs. Therefore, plant-based drug discoveries are expected to make a
substantial contribution to human health (Atanasov et al., 2021).

As mentioned above, cancer, AD and a number of other chronic diseases
accompanied with inflammation (such as asthma, heart diseases, type 2 dia-
betes, etc.) are among the most common diseases in the world. Since medicinal
plants in Vietnam have been shown to have potential in treating these diseases
(Hoai et al., 2018; Le et al., 2018; Nguyen et al., 2019; Nguyen et al., 2021),
they have been prioritized and under the focus as diseases in the present
doctoral work.
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2.2.2. Medicinal plants with anti-cancer activity

Cancer is a genetic disease whereby its abnormal signaling results in excessive
cell proliferation (Vogelstein & Kinzler, 2004; Yaffe, 2019). Alterations in
three types of genes including oncogenes, tumor-suppressor genes and stability
genes are responsible for tumorigenesis (Vogelstein & Kinzler, 2004). Onco-
genes are involved in controlling the proportion of cell growth (Aragues et al.,
2008). In contrast, tumor suppressor genes play an important role in inhibiting
cell proliferation and tumor development (Acosta et al., 2018). The third type of
genes, stability genes, control the rate of DNA mutation, and their alteration
may contribute to the development of cancer (Aragues et al., 2008).

Cancer generally causes the uppermost clinical, social, and economic load
among all human diseases (Mattiuzzi & Lippi, 2019). For example in 2020,
cancer was a leading cause of death globally with nearly 10 million deaths. The
most prevalent cancer types causing a death in 2020 were lung, colon and rectum,
liver, stomach and breast cancer (WHO, 2022), and cancer mortality rate is
predicted to double by 2040 (Ertas et al., 2021). Today, the most widespread
cancers are breast, lung, colon and rectum and prostate cancers (WHO, 2022).

Chemotherapy, along with radiotherapy, surgery, hormonal treatments and
targeted biological therapies, either alone or in combination are successfully
used to treat cancer today (WHO, 2022). Attractively, medicinal plants and
plant-origin compounds have been under the spotlight of cancer research since
the first antineoplastic drugs were discovered (i.e., leucovorin in 1950, carzino-
philin in 1954, vincristine in 1963, and actinomycin D in 1964). Such plant-
derived natural compounds include e.g., paclitaxel and its derivatives from yew
(Taxus) species, vincristine and vinblastine from Madagascar periwinkle
(Catharanthus roseus (L.) G. Don), and camptothecin and its analogs from
Camptotheca acuminata Decne (Cragg & Newman, 2013).

Today, a number of compounds isolated from medicinal plants have ex-
hibited promising anticancer effects in clinical trials such as pomiferin for
growth inhibition in six human cancer cell lines: ACHN (kidney), NCI-H23
(lung), PC-3 (prostate), MDA-MB-231 (breast), LOX-IMVI (Melanoma), HCT-
15 (colon); epigallacotechin-3-gallate for prostate cancer treatment; flavopiridol
for solid tumors, lymphomas, leukaemias; noscapine inhibiting tumour growth
and progression; roscovitine with inhibition of cyclin dependent kinases, reduc-
tion of cell cycle progression (Greenwell & Rahman, 2015). Besides, medicinal
plants can provide also effective substances against drug resistance owing to
their diverse chemical structures and pharmacological effects (Yuan et al.,
2017). Many studies indicate that phytochemicals, such as curcumin, quercetin
and baicalein, are able to reverse drug resistance by regulating drug-resistant
proteins (Efferth et al., 2002). Furthermore, by targeting nonapoptotic cell
death, they can bypass drug resistance (Yuan et al., 2017). More research work,
however, is needed to prove that the plant-derived substances possessing
inhibitory effect against drug resistance are effective in clinical trials as well.
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2.2.3. Medicinal plants with anti-inflammatory activity

Inflammation is the immune response of a human body that is activated by
harmful stimuli and conditions such as tissue injury, toxic compounds, and
pathogens (Medzhitov, 2008; Geetha & Ramachandran, 2021). Thus, it results
in cellular changes and immune responses to repair the damaged tissue and
cellular growth at the site of the injured tissue (Singh et al., 2019). Interestingly,
it is a healthy protective reaction of cells/tissues with the symptoms namely
pain, heat, redness, swelling and loss of function. In an inflammation process,
multiple pathways take place combining for example a synthesis of prosta-
glandin, interleukin or other chemo toxin, adhesive protein receptor action, and
platelet-activating factors (Vishal et al., 2014). Among them, nitric oxide (NO),
one of pro-inflammatory mediators, is released to assist against infectious
pathogens and to regulate immunity. An excessive production of NO, however,
can cause cell death and even destruction of tissue homeostasis due to the
formation of reactive nitrogen species (Min et al., 2009).

Inflammation can be either acute inflammation (with undergoing a short-term
process) or a chronic one. The adaptive process of acute inflammation takes
responsibility for killing of bacteria, viruses and parasites as well as facilitating
for example wound repair (Toth et al., 2005). In case of the persistence of the
inflammatory cause or the failure of control mechanisms in charge of shutting
down the process, inflammation can become chronic (Singh et al., 2019).
Noticeably, the chronic inflammation predispose the body to the development of a
wide range of diseases like cancer, AD and other neurodegenerative CNS diseases
(Toth et al., 2005; Vishal et al., 2014). Currently, two major types of anti-
inflammatory drugs are glucocorticoids and non-steroidal anti-inflammatory
drugs. The latter is more widely utilized in curing acute and chronic inflammatory
diseases. However, anti-inflammatory drugs have adverse effects such as
gastrointestinal toxicity (perforation, dyspepsia, gastroduodenal ulcers, and
gastrointestinal bleeding), cardiovascular side effects (hypertension, myocardial
infarction, stroke, congestive heart failure, and other thrombotic events), and
nephrotoxicity (electrolyte imbalance, reduce glomerular filtration rate, nephrotic
syndrome and chronic kidney diseases) (Wongrakpanich et al., 2018; Geetha &
Ramachandran, 2021).

To date, many studies have shown that numerous plant-origin compounds (i.e.,
alkaloids, polyphenols, terpenoids, steroids, fatty acids, and macrolides) have
potent anti-inflammatory activity, and thus they are promising novel anti-
inflammatory drug candidates. Plant-origin agents possessing clinically tested
anti-inflammatory effects were such as curcumin, epigallocatechin-3-gallate,
berberine, quercetin, resveratrol, docosahexaenoic acid, and macrolides (erythro-
mycin, rapamycin and tacrolimus) (Wang et al., 2021). Their anti-inflammatory
activity are attributed to interaction with a wide range of molecular targets
relevant to inflammatory response, such as cytokines, enzymes (e.g., COX-2, 5-
LOX, and iNOS), transcription factors, signaling pathways, chemokines, adhesion
molecules, immune cells (Geetha & Ramachandran, 2021). According to Geetha
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& Ramachandran (2021), plants as huge reservoirs of secondary metabolites have
been used to reduce inflammation with fewer adverse effects, but the authors did
not provide any clinical evidence nor they did not clarify it, how adverse effects
are correlated with anti-inflammatory effects (Geetha & Ramachandran, 2021).

2.2.4. Medicinal plants with action against Alzheimer’s disease

AD, the most common cause of dementia, is a progressive neurodegenerative
disorder which is an organic disorder with a gradual loss of memory, language
and intellectual abilities affecting daily life. With the increment within the
number of elderly inhabitants, the incidence of AD increases considerably in the
forthcoming decades, and this disease is becoming epidemic proportions
globally (Mount & Downton, 2006; Khan et al., 2020).

A reduction of acetylcholine (ACh) levels in the brain is one of the patho-
logies of AD (Yeung et al., 2018). ACh is a neurotransmitter, which is present
at many synapses in the CNS, all autonomic ganglia, the neuromuscular junction,
and many autonomically innervated organs. It plays a vital role in processing
memory and cognitive skills. In the central and peripheral nervous systems,
AChE hydrolyses rapidly ACh in numerous cholinergic pathways for the
termination of impulse transmission (Khan et al., 2020). The degeneration of this
pathway leading in cognitive impairment is one of the most important event
associated with AD (Pepeu & Giovannini, 2010). Correspondingly, the inhibition
of AChE can contribute to ACh accumulation in the brain, thus improving
cholinergic functions in AD patients (Murray et al., 2013).

To date, the US FDA has approved the following drugs for AD and other de-
mentia: aducanumab (Aduhelm), donepezil (Aricept), rivastigmine (Exelon),
galantamine (Razadyne), and memantine (Namenda) (Briggs et al., 2016). Aduca-
numab is a monoclonal antibody inducing the clearance of AD-associated S-
amyloid deposits in the brain. Donepezil, rivastigmine and galantamine are alka-
loids, and the last two are also derived from plant alkaloids. They act as AChE
inhibitors. Memantine, a nitrogen-containing molecule, acts by blocking a neuro-
transmitter called glutamate (Konrath et al., 2013; Tanzi, 2021). The average
overall effect of these drugs, however, is not high, and they could not improve the
underlying neurodegenerative process (Briggs et al., 2016; Walsh et al., 2021).

Interestingly, numerous medicinal plant compounds have been demonstrated
to serve as potential therapeutic agents in the treatment of AD (Zieneldien et al.,
2022). In the in vivo study and/or clinical trials, curcumin (isolated from Cur-
cuma longa), convolvine and convolamine (isolated from Convolvulus pluri-
caulis), asiatic acid and asiaticoside (isolated from Centella asiatica), celapanin
and celapanigin (isolated from Celastrus paniculatus), valeranone and nardo-
sinone (isolated from Nardostachys jatamansi), (isolated from ), bilobalide and
ginkgolide (isolated from Ginkgo biloba), glycyrrhizin (isolated from Gly-
cyrrhiza glabra), huperzine (isolated from Huperzia serrata), benzylisoquino-
line (isolated from Cissampelos pareira), S-allylcysteine (isolated from Allium
sativum) possess potent action against AD (Ovais et al., 2018).
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2.3. Selection of medicinal plants of Vietnam origin
for phytotherapy

C. paniculatus, A. tonkinensis and Z. ajax are ethnomedicinal plants used to
prevent and treat many diseases in some rural and remote areas in Vietnam.
These medicinal plants are used as folk remedies, and these practices have
passed down from generation to generation and from person to person. C. pani-
culatus has been used to treat stomach disorders, fever and malaria. 4. ton-
kinensis has been used as anti-tumor, anti-fungal and anti-inflammatory therapy.
Z. ajax has been exploited as remedies for inflammation, anti-tumor and neuro-
logical diseases. The present ethnomedicinal plants, however, are not described
in the medical literature, and consequently, there is a lack of scientific know-
ledge on these treatments up to date. We selected these plants to gain under-
standing of their potent as resources of new drug candidates and to provide
scientific databases of their phytochemical constituents and bioactivities for
developing and conserving them in the future.

2.3.1. Chisocheton paniculatus

The genus Chisocheton belongs to the family Meliaceae with more than 53
species, and these species are distributed in the tropical and subtropical regions
of Asia (Hoai et al., 2018). According to the literature, Chisocheton genus con-
sists of protolimonoids, limonoids, alkaloids, steroids, sesquiterpenes, triterpenes,
anthraquinones, spermidine coumarins and phenolic compounds (Shilpi et al.,
2016). It has been also reported that Chisocheton genus has potential anticancer,
anti-inflammatory, antibacterial, antiobesity, antifungal, and antimalarial proper-
ties (Shilpi et al., 2016; Supriatno et al., 2018).

C. paniculatus appears as a tree, and its fruit is capsule (3.5-8.0 cm across)
comprising of globose with pyriform base (Figure 1) (Bhattacharyya & Kataky,
2014). It has been attracted much interest by numerous researchers because of
novel structures along with potential bioactivities. The phytochemicals and
bioactivity of C. paniculatus are summarised in Table 1.

Figure 1. Chisocheton paniculatus: (A) habitat, (B) across section of immature fruit and
(C) fruit.
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The studies mentioned above show that C. paniculatus is a rich source of limo-
noids, triterpenoids, protolimonoids and inositol derivatives. These studies also
show that the constituents isolated from C. paniculatus have potent anti-inflam-
matory properties in vitro.

2.3.2. Alphonsea tonkinensis

A. tonkinensis is one of the species with a single specimen over two sheets
(Figure 2) which has just recently been found in Vietnam and Laos (Turner et
al., 2018). To the best of our knowledge, this species has been investigated only
for essential oils with main compounds comprising of germacrene D (17.4%),
f-caryophyllene (9.9%), o-pinene (9.5%), p-elemene (9.3%) and p-pinene
(9.2%) in the stem oil, and f-caryophyllene (27.8%), f-elemene (15.6%) and
caryophyllene oxide (14.5%) in the leaf oil (Nguyen et al., 2018). To date, no
reports have been published on the pharmacological activity of the herbal
extracts or new constituents isolated from A. tonkinensis.

,,
41,.,, n,

Figure 2. Alphonsea tonkinensis: (A) habitat, (B) flower, (C) fruit, stems, leaves and
(D) across section of mature fruit.
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A. tonkinensis is a member among 30 species of the Alphonsea genus of Anno-
naceae family. This genus is distributed in Northeastern India, Southeast Asian
countries and Southern China (Bakri et al., 2017; Srivastava and Mehrotra,
2013). According to the literature, Alphonsea sp. contains alkaloids, steroids,
lignan, sesquiterpenes and monoterpenes (Bakri et al., 2017). Several plants of
this genus have been reported to reveal cytotoxic, anti-oxidant, anti-fungal, anti-
inflammatory and anti-trypanosomal activity (Bakri et al., 2017). Interestingly,
A. tonkinensis has been used as folk remedies in remote areas in Vietnam for
reducing tumor growth, inflammation and anti-fungal treatment.

2.3.3. Zephyranthes ajax

Zephyranthes is the genus of bulbous perennials in the Amaryllidaceae family,
and this genus consists of about 90 species. The genus is distributed widely in
the temperate and tropical regions, and it is well known for its ornamental with
attractive flowers and considerable medicinal values (Katoch D & Singh B,
2015). Many species of this genus have been traditionally utilized in many
countries as remedies for tumor, diabetes mellitus, viral infections, inflam-
mation, circulatory and neurological diseases (Katoch & Singh, 2015; Ding et
al., 2017). Previous phytochemical investigations of Zephyranthes genus have
shown that the present plant contains numerous alkaloids, flavonoids, sterols,
fatty acids, phospholipids and their glycosides. Its pharmacological properties
have been reported to include e.g., potential AChE inhibition, and anticancer,
antifungal, antiviral and antibacterial activities (Katoch & Singh, 2015).

Z. ajax (Figure 3) is an amaryllidaceous bulbous perennial used as an orna-
mental and medicinal plant in Vietnam (Ho, 2003). Noteworthy, Z. gjax has
been used as folk remedies for anti-inflammatory, anti-cancer and neurological
disease therapy in some rural and remote areas in Vietnam. Even though the
plant is well-known in Vietnam, the knowledge on the phytochemical and
pharmacological properties of this species is still very limited.
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Figure 3. Zephyranthes ajax: (A) plant compared with a hand and (B) face view of
flower in natural habitat.

To date, little is also known about the phytochemical and bioactivities of Z. ajax
and A. tonkinensis.

2.4. Design of nanotechnology-based drug
delivery systems for plant-origin actives

Many studies have shown that herbal medicines or natural compounds exhibi-
ting a good activity in in-vitro assays, do not possess similar properties in vivo
due to a poor water-solubility, poor oral bioavailability, limitations in target-
specific drug delivery, and in-vivo instability (Bonifacio et al., 2013; Patra et al.,
2018b). Such limitations greatly restrict the applicability of medicinal plants
(Teja et al., 2022). Noteworthy, the development of novel DDSs for herbal
extracts or natural compounds have recently proved the potential approach to
overcome these challenges (Ansari et al., 2012; Bonifacio et al., 2013; Patra et
al., 2018; Teja et al., 2022).

Since 2010, there has been a remarkable boost in herbal nanoformulation
research. Compared to conventional dosage forms (such as tablets, capsules,
syrups, and decoctions), herbal nanomedicines have demonstrated great advan-
ces and success in drug delivery (Farooq et al., 2019). The design and develop-
ment of novel nanotechnology-based DDSs lead to decrease in particle size and
increase in outer surface area, thus increasing the water-solubility of drugs
(Sharma et al., 2016). The nanotechnology-based DDSs with a particle size
ranging between 100 nm to 200 nm are likely to avoid efflux pumps, and the
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cellular intake of the drug by a receptor-mediated endocytosis supports against
drug resistance, thus ensuring a maximum drug release inside the cell membrane
(Danaei et al., 2018).

Regarding cancer therapy, most drugs administered with a conventional
dosage forms are not specifically targeted to cancer cells, thus causing patients
to suffer from serious undesired side effects (Mokhtarzadeh et al., 2017). Re-
cently, nanotechnology-based herbal medicines such as tumor microenviron-
ment sensitive intelligent nanomicelles, pH-sensitive self-assembled nanoparticles
(NPs), bio-orthogonal copper-free click chemistry approaches, and monoclonal
antibodies coupled liposomes have been introduced for enhancing drug targeting.
NPs act as an effective carrier system for targeted drug delivery enabling the
efficient delivery of drug to the site of disease due to their extremely small size
and ability to penetrate the tissue and cell membranes (Ertas et al., 2021; Teja et
al., 2022). Moreover, the drug-loaded NPs can be formulated by surface con-
jugating with multifunctional antibodies and ligands (Ertas et al., 2021; Teja et al.,
2022). NPs have been also shown to enhance the stability of herbal medicines
which is based on the protection of the cargo from enzymatic degradation (Ertas
et al., 2021). Furthermore, modified drug release can be achieved thanks to the
size and surface characteristics of NPs coated with biodegradable polymers and/or
polyethylene glycols, PEGylation, thus allowing the drug to be released for an
extended time (Kalaydina et al., 2018). Therefore, the application of nano-
technology in herbal medicine results in an increase in bioavailability and bio-
activity of APIs of herbal origin (Gunasekaran et al., 2014), and reduced dose-
related toxicity and adverse effects (Teja et al., 2022).

According to the literature, numerous nanotechnology-based DDSs have
been introduced to date in herbal medicine for enhancing the delivery of herbal
extracts, fractions and/or constituents. These DDSs include e.g., polymeric
herbal NPs, nanoemulsions, phytosomes, liposomes, solid lipid nanoparticles,
nanomicelles, self-emulsifying nano-scale DDSs, NFs, dendrimers, ethosomes,
nanosuspensions, and carbon nanotubes. The evaluation parameters, opportu-
nities and challenges of these systems have been extensively reported in the
state-of-the-art literature. Polymeric NPs, nanoemulsions and phytosomes are
the most widely used nanotechnology-based DDSs for medicinal plants (Teja et
al., 2022). For example, total 89 different herbal nanoformulations have been
reported for curcumin, which is the most widely studied herbal drug. Curcumin
is poorly soluble in water, thus having a limited oral bioavailability. Interes-
tingly, poly(lactic-co-glycolic acid) NPs loaded with curcumin presented 640
times increased water solubility and 5.6 fold enhancement in oral bioavailability
compared to curcumin as a powder form (Xie et al., 2011). Shelat et al. (2015)
reported that this herbal API in solid lipid NPs showed the increase in oral
bioavailability to 12 folds with respect to curcumin alone. Berberine-loaded
nanomicelles possessed 20-fold higher hepatoprotective activity on bile duct
ligation (a condition of liver cirrhosis) in rats than berberine as a pure drug
(Pishva et al., 2018). According to Teja et al. (2022), a combination of herbal
medicines with pharmaceutical nanotechnology can be a key tool in the future

24



for the advancement of medicinal plant research with significantly enhanced
bioavailability, therapeutic effect and safety.

2.5. Electrospun nanofiber-based drug delivery systems

2.5.1. Electrospinning

NFs can be generated with three different techniques: ES, self-assembly, and
phase separation (Shahriar et al., 2019). Today, ES (as shown in Figure 4) is the
most promising technique in generating nano- and microfiber-based constructs
and DDSs for pharmaceutical and biomedical applications. ES is an electro-
hydrodynamic process where a jet is produced from a charged droplet of polymer
solution (or polymer melt) by stretching and elongating it under the exposure of
high electric field voltage. The ES setup consists of four major components: a
high-voltage power supply, a syringe pump, a needle/spinneret for the ejection of
a polymer solution, and a grounded collector (plate/roll). A charged jet of
polymer solution or melt is ejected toward a collector as a result of the electro-
static repulsion deforming the droplet into a Taylor cone. The jet propagates in an
almost straight line and then curves complicated paths due to bending instabi-
lities. It is elongated and slimmed (because of electrical forces) followed by a
rapid solidification and formation of solid fine fibers on the grounded collector
(Reneker & Yarin, 2008; Xue et al., 2019). The formation of electrospun nano-
and microfibers is dependent on the the surface tension of a polymer solution.

aH=

Figure 4. The electrospinning (ES) setup for generating nanofibrous templates for self-
assembled liposomes of haemanthamine (HAE). Key: (A) a robotized ES system; (B)
programmable syringe pump; (C) polymer solution; (D) spinneret (a needle system); (E)
high-voltage power supply; (F) collector plate.

ES technique has gained a lot of attention among scientists owing to (1) the
possibility of scaling up for commercial use and affordability, (2) the ease of
functionalization of the electrospun fibers for a numerous applications, (3)
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superior mechanical properties of the fibers, and (4) relative simplicity and ease
of control of an ES process (Braghirolli et al., 2014). ES is a versatile method
for fabricating uniform polymeric nano- or microfibers with a high specific
surface area, and the chemistry and dimensions of such fibers are similar to
extracellular matrix structure (Sahoo et al., 2010). Large and sophisticated 3D
fiber structures can be produced to enable the cells to occupy the structure in a
3D behavior under the meticulous setting parameters (Braghirolli et al., 2014).
In addition, novel electrospun polymeric structures and DDSs have been
generated based on the modifications of a traditional ES method. For example,
core-shell-structured composite fibers have been successfully generated by
using two concentric nozzles instead of the conventional spinneret (Agarwal et
al., 2009; Chakraborty et al., 2009; Sharma et al., 2014). These core-shell
structures are shown to be very useful for drug and/or protein delivery and for
the encapsulation of cells, bacteria, viruses and growth factors (Agarwal et al.,
2009; Chakraborty et al., 2009; Sharma et al., 2014). One extension of ES is the
use of an ES setup for electrospraying for the preparation of drug-loaded nano-
and microparticles. The formation of a spray is generated between two charged
electrodes (Kempski et al., 2008). Today, electrospun preparations are applied
widely in many fields, and the nanofiber-based systems have found uses
especially in biomedicine (El-Aassar et al., 2021; Xue et al., 2019).

The choice of an appropriate method of preparation and optimized process
parameters are crucial in ES drug-loaded NFs for therapeutic applications. The
three commonly used solution-based ES techniques for generating drug-loaded
nano- and microfibers are (1) blend, (2) coaxial and (3) emulsion ES (Nikma-
ram et al., 2017).

A conventional blend ES technique is a simple method based on the
dispersion or dissolution of drug(s) in the polymer solution prior to ES. This
ensures that the drugs incorporated are dispersed throughout the fibers
(Bhattarai et al., 2019). In blend ES, however, actives may be denaturated or
their bioactivity may be reduced due to solvents. Moreover, their inherent
charge may lead them to migrate on the jet surface and disperse on the surface
of the NFs rather than the encapsulation of biomaterials within the fibers, thus
resulting in the burst release of the APIs (Schoolaert et al., 2016). In order to
avoid these deleterious effects or adjust the release profile, the drugs could be
encapsulated prior to adding to the ES solution or be incorporated into the fiber
core using coaxial ES/emulsion ES (Kai et al., 2014).

Co-axial ES comprises of two nozzle systems connected to the high voltage
source. NFs with core-shell morphologies are formed from the pumping of two
solutions loaded in each nozzle (Nikmaram et al., 2017). APIs are positioned in
an inner jet, while polymer(s) are present in an outer jet, thus forming a cargo
system and enabling a prolonged drug release in the physiological environment
(Shahriar et al., 2019). Furthermore, the biofunctionality and cell-surface
interactions of NFs can be significantly enhanced through the surface of coaxial
fibers being modified with biomolecules (Vaidya et al., 2015).
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Emulsion ES can produce core-shell NFs based on two immiscible solvents
being simultaneously electrospun (Shahriar et al., 2019). Initially, a continuous
phase (oil phase in case of using W/O emulsion) is formed. Electrospun drug-
loaded NFs designed for a specific drug release (targeted site-specific or time
dependent) enable to provide the desired therapeutic effects. Such NFs are
usually designed for a specific drug, meaning that if the drug is changed in the
NFs the release kinetics can be considerably changed accordingly (Kajdic et al.,
2019).

2.5.2. Material selection for nanofiber-based
drug delivery systems

Polymers are applied in nanofiber-based DDSs to afford stability, drug release,
targeting, enhanced bioavailability and patient acceptability (Ngwuluka et al.,
2014). The carrier polymers used in such DDSs can be natural or synthetic
polymers, hydrophilic or hydrophobic polymers, and/or biodegradable or non-
biodegradable polymers. From the formulation point of view, each polymer has
its own specific advantages and disadvantages (El-Aassar et al., 2021).

Natural polymers derived from plants or animals are generally biodegrad-
able, biocompatible and low toxic, and consequently, they have been widely
used in biological and therapeutic applications (El-Aassar et al., 2021; Mele,
2016). Perhaps, the major limitations of such biopolymers include weak
mechanical properties, ease of microbial degradation, batch to batch variability
and the unreserved rate of hydration, which may hinder the use of them e.g., in
prolonged-release DDSs (Campiglio et al., 2019; Garg et al., 2018). The native-
origin polymers can be classified also as: neutral (e.g., f-glucan, dextran,
cellulose), acidic (e.g., hyaluronic acid, alginic acid,), and basic polymers (e.g.,
chitin, chitosan) (El-Aassar et al., 2021).

Synthetic polymers offer many advantages over natural polymers. Synthetic
polymers with a wide range of chemical linkages possess better mechanical
properties and they can be flexibly tailored to fabricate various types of DDSs
with good mechanical and degradation properties. Synthetic polymers, however,
do not have bioactive sites for supporting cell attachment (Bhatia, 2016;
Keshvardoostchokami et al., 2021). According to the literature, the following
synthetic polymers have been applied as carrier materials for pharmaceutical ES
applications: poly(lactic-co-glycolic acid), polylactic acid, polyglycolic acid,
poly (vinyl alcohol), poly (e-caprolactone), poly (ethylene glycol), poly (L-
lysine) and polyphosphoesters (Maghsoudi et al., 2020). Hydrophilic polymers
are applicable for the nanoformulation of immediate-release DDSs, while
hydrophobic polymers are used as carrier materials in controlled or sustained
drug release preparations (Abu-Diak et al., 2012). In order to achieve desired
fiber properties, controlled drug release and good ES process performance, two
or more carrier polymers can be combined and with the addition of sur-
factant(s). In summary, the selection of carrier polymer(s) for ES plays a
fundamental role in the design of novel electrospun DDSs.
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2.5.3. Nanofiber-based drug delivery systems

To date, electrospun NFs have found numerous applications in advancing cell
migration, stem cell differentiation, peripheral nerve repair, wound healing,
cardiac tissue regeneration, vascular tissue regeneration, musculoskeletal tissue
regeneration, tissue-to-tissue interface engineering, repair or regeneration of
other tissues, as implant coatings, barrier membranes, filtration membranes,
diagnosis, and especially in drug delivery (Xue et al., 2019; Fadil et al., 2021).

It is well known that most conventional drugs are hydrophobic, poorly water
soluble, and poorly bio-distributable, thus leading to undesired active targeting
and therapeutic efficacy (Potr¢ et al., 2015). In terms of drug delivery, electro-
spun NFs possess many advantages such as a large surface area to volume
proportion, ultrafine fibrous structure, high porosity, high loading capacity, high
permeability, high encapsulation efficiency, capacity of simultaneous admini-
stration of multiple drugs, simplicity of modification and cost effectiveness
(Braghirolli et al., 2014; Sharma et al., 2014; Fadil et al., 2021). Electrospun
NFs have been utilized for the oral, inhalation, rectal, sublingual/buccal,
parenteral, transdermal, nasal, ocular and vaginal routes to deliver APIs to the
target site in the body (Shahriar et al., 2019). According to the literature, the
incorporation of anticancer drugs, antibacterial drugs, anti-inflammatory agents,
cardiovascular agents, gastrointestinal drugs, antihistamine drugs, contraceptive
drugs and palliative drugs into electrospun NFs has numerous benefits in terms
of drug therapy (Shahriar et al., 2019).

The release of drug(s) from electrospun fiber matrix can occur via three
alternative mechanisms including (1) relaxation — drug release from the electro-
spun DDSs owing to relaxation of polymer chains, (2) degradation — the
deterioration or dissolution or polymer in the release medium resulting in drug
release, and (3) diffusion — a concentration gradient within polymer matrix
promoting drug to move out (Munj et al., 2017). Notably, the drug release
mechanism from electrospun DDS systems is a complicated issue due to the
influence of diverse variables including material (such as composition, struc-
ture, degradation, swelling), release medium (such as pH, temperature, en-
zymes, ionic strength), and APIs (such as stability, solubility, interaction with
matrix, charges) (Fu & Kao, 2010). An ideal DDS enables to promote the
appropriate site, timing and rate for a drug release, thus ensuring an optimal
therapeutic effect. Medicated NFs for controlled drug release provide the
specific drug release profile for desired therapeutic effect, and this drug release
profile can be an immediate release, prolonged release, biphasic release and/or
stimulus-activated drug release type (Kajdic et al., 2019).

For immediate drug release, NFs have a simple, homogenous structure and a
proper water-soluble polymer is used for forming a nanofiber matrix. The
present preparations possess a high surface-to-volume ratio exposing a large
contact surface area for dissolution, high porosity, and the effective conversion
of a crystalline drug into an amorphous state. These unique material properties
jointly enhance the solubility and dissolution rate of the drug resulting in the
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improvement of oral bioavailability (Paaver et al., 2015; Potr¢ et al., 2015;
Kajdic¢ et al., 2019).

The NFs intended for modified drug-release applications are designed to
present a prolonged or biphasic and/or stimulus-activated drug release behavior.
The NFs applied for prolonged drug release applications can be matrix-type
NFs (such as monolithic or blended systems), core-shell NFs (such as reservoir-
type or multi-matrix systems), or other types of NFs (such as sandwich-type
nanofibrous mats or NFs with controlled bead diameters) (Kajdi¢ et al., 2019).
Biodegradable or swelling polymers are the materials of choice for such fiber
applications and for achieving extended drug release (Zupancic et al., 2015),
(Kajdi¢ et al., 2019). Core-shell NFs with multiple drug-loaded layers or an
outer polymer layer as rate-controlling barrier have been exploited to promote
prolonged drug release (Acevedo et al., 2018). Incorporation of one or more
stimulus-responsive polymers in the NFs boosts to achieve stimulus-activated
drug release (such as for thermo-, pH-, or electroresponsive release) (Elashni-
kov et al., 2017). The formulation of a simple matrix-type nanofiber structures,
core-shell NFs or the sandwich structures enables also a biphasic drug release
(Kuang et al., 2018; H. Lee et al., 2017). This type of release behavior is highly
effective, since a high drug content can be rapidly delivered to the target site
and subsequently maintained at a high level for a longer time-period in the
absence of recurrent drug administration (Kuang et al., 2018).

2.5.4. Characterization of electrospun nanofibers

To ensure a high pharmaceutical quality and functionality, it is of outmost im-
portant that the electrospun nanofiber-based DDSs are precisely and rigorously
characterized. In most cases, the electrospun NFs are evaluated for their fiber
size and shape, surface morphology, molecular structure and mechanical pro-
perties (Shojaei et al., 2019). The characterization approaches mentioned above
are general for all electrospun NFs, but some approaches are specifically veri-
fying the final performance of the nanofiber-based preparation. For example, if
the NFs are intended for as a solid template for self-assembled drug-loaded
liposomes, then assessing the spontaneous formation of liposomes is essential.
The critical properties of such amphiphilic NFs intended for a solid template for
self-assembled liposomes, are listed below.

Size, shape and surface morphology

The diameter, shape and surface morphology of electrospun NFs are typically
investigated by scanning electron microscopy (SEM), transmission electron
microscopy (TEM), atomic force microscopy (AFM) and optical microscopy
(Papkov et al., 2019). SEM is a widely used method for visualizing and inves-
tigating the morphology of nanofibers. A gold or platinum coating is needed for
improving resolution at higher magnifications. For extremely small fibers
(<300 nm), TEM can be particularly helpful to investigate fiber diameters.
AFM provides another alternative method to assess fiber diameter, but it is a
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complicated method to obtain accurate results because of tip convolution.
Optical microscopy is a highly convenient tool for preliminary characterization.
However, this technique does not enable to measure the size of fibers at a nano-
scale ( Sirc et al., 2012; Papkov et al., 2019).

Physical solid-state properties

Determination of physical solid state and stability of API(s) and carrier poly-
mer(s) in NFs is a fundamental characterization. The solid-state analytical
techniques comprise of X-ray powder diffraction (XRPD), Fourier-transform
infrared (FTIR) spectroscopy and differential scanning calorimetry (DSC).
XRPD is the primary method for a solid-state characterization, since it is a non-
destructive, high sensitive, reliable and depth-profiling technique. As the result of
the interaction of X-rays with crystalline material, each material gives distinctive
diffraction patterns. XRPD databases can be used to determine polymorphism or
the amorphous form (and even the degree of crystallinity) of APIs/excipients
(Chauhan, 2014). FTIR spectroscopy is a quick, reliable and safe technique. Its
vibrational spectroscopy data give additional details with respect to the solid-state
characteristics of APIs/excipients. Particularly, the peak shifts in FTIR spectral
profiles enable to determine intermolecular interactions between fiber matrix
components (Mader et al., 2016). DSC is a thermal analysis technique to verify
the drug-excipient compatibility and interactions between the components. In the
thermodynamics profile, endothermic peak is obtained from the latent heat
attributed to the thermodynamic transition at the crystalline melting temperature
(Shojaei et al., 2019).

Drug content and in-vitro drug release

Determination of drug content and in-vitro drug release are important in asses-
sing the final properties and bioavailability of API(s) loaded in the nanofiber-
based DDSs. Ultraviolet-visible (UV-Vis) spectroscopy and HPLC are the
methods of choice for quantifying the drug content in the samples and for
determining drug release behavior. UV-Vis spectroscopy is a simple, rapid,
low-cost and readily available method. However, the major limitation of this
method is poor selectivity (Begum et al., 2018). The limitations of UV-Vis
spectroscopy may be directly solved by using HPLC. HPLC has become a
dominant analytical technique in the pharmaceutical research attributing to
rapidness, automatic operation, high accuration and selectivity. In addition,
recent innovations like ultrahigh-pressure liquid chromatography and HPLC/
MS/MS boost its advantages (Swartz, 2010).
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3. SUMMARY OF THE LITERATURE

Medicinal plants have many advantages and attributes to promote modern drug
discovery and therapy. Therefore, the investigation of active compounds iso-
lated from ethnomedicinal plants is a valuable and up-to-date approach. The
characterisation of the phytochemistry and bioactivity of such plant-origin com-
pounds is crucial to obtain scientific justification for their use in modern
medicine.

In the present doctoral work, the ethnomedicinal plants C. paniculatus, A.
tonkinensis and Z. ajax were investigated in depth, since the phytochemistry and
phytotherapy potential of these plants have not been studied earlier. The com-
pounds and/or extracts with potential bioactivity were isolated from the present
medicinal plants and the chemical structure (of compounds) was deter-
mined/elucidated. The isolated compounds and/or extracts were evaluated with
their in-vitro bioactivities including anti-cancer cytotoxicity by SRB staining
assay, anti-inflammatory activity by NO production inhibition assay, and AChE
inhibition activity by anti-AChE activity assay.

Plant-origin drugs may have also some limitations, thus restricting their use
in clinical practice. The most common limitations include poor water solubility,
poor oral absorption, challenges in target-specific drug delivery, and in-vivo
instability. These all limitations can significantly reduce the bioavailability and
therapeutic effect of potential drug candidate(s) isolated from plants. Pharma-
ceutical nanotechnology with numerous advanced developments is expected to
promote herbal medicines to overcome these challenges. For example, ES is a
versatile and viable nanotechnology-based fabrication method for generating
polymeric nanofibers as DDSs. In the present doctoral work, ES was used to
develop novel amphiphilic NFs and self-assembled liposomes for the herbal
extract(s) and constituent(s). The physical solid-state properties and in-vitro
performance of such nanoformulations were verified.
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4. AIMS OF THE STUDY

The present doctoral research work has two main objectives: (1) to gain know-
ledge on the chemical composition and bioactivity of herbal extracts and com-
pounds isolated from the selected medicinal plant(s) used in the traditional
medicine of Vietnam, and (2) to develop novel nanotechnology-based DDSs for
the present herbal extract(s) and constituent(s). The active plants were selected
based on their bioactivity potency.

The specific objectives

1. To isolate the individual compounds from the plant extracts of interest and to
determine/elucidate (identify) the chemical structure of compounds (I-1V).
The compounds and extracts with potential bioactivity were isolated from C.
paniculatus, A. tonkinensis and Z. ajax known in ethnomedicine of Vietnam

2. To evaluate the bioactivity of the compounds isolated from the plant extracts
(including anti-cancer cytotoxicity, anti-inflammatory, anti-AChE activity)
(I-1V).

3. To design and fabricate electrospun plant-origin API loaded amphiphilic
NFs intended for a solid template for self-assembled liposomes (V).

4. To evaluate the physicochemical properties, in-vitro performance (disso-
lution) and stability of the abovementioned nanoformulations (V).
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5. EXPERIMENTAL

5.1. Materials
5.1.1. Plant materials (I-1V)

The C. paniculatus leaves (4.5 kg of dried samples) were collected from Quang
Tri province, Vietnam (geographical coordinates: 17°03°20.4"N; 107°04°15.4"E)
in August 2018. The A. tonkinensis stems and leaves (8.0 kg of dried samples)
were collected from Quang Tri province, Vietnam (geographical coordinates:
16°28'45.2"N; 107°00'49.9"E) in July 2017. The plants of Z. ajax (5.5 kg of
dried bulbs) were collected in Hue city, Vietnam (geographical coordinates:
16°27°43.8"N; 107°33’55.4"E) in May 2017. The plant materials used were
authenticated by Dr. Vu Tien Chinh (Vietnam National Museum of Nature,
Vietnam Academy of Science and Technology, Vietnam), and voucher speci-
mens (CP-02, AT-01 and ZA-01, respectively) were deposited by the Faculty of
Pharmacy, Hue University of Medicine and Pharmacy, Vietnam.

5.1.2. Active pharmaceutical ingredient (V)

Haemanthamine (HAE), a white, crystalline powder with a purity NLT 95%,
was used for the preparation of electrospun NFs (Figure 5). HAE was isolated
from Z. ajax belonging to the family Amaryllidaceae.

5.1.3. Solvents (I-V)

For extraction and isolation of plant materials, the following solvents were
used: methanol (MeOH), n-hexane, ethyl acetate (EtOAc), acetone, dichloro-
methane (CH,Cl,), hydrochloric acid (HCI), chloroform and water with a
reagent grade and HPLC grade (Xilong, China and Sigma-Aldrich C.C., USA).
Ethanol (Merck GmbH, Germany) was used as a solvent in the ES of amphi-
philic NFs.

5.1.4. Other materials and reagents (V)

Polyvinylpyrrolidone (PVP) (Kollidon 90F K90) was purchased from BASF
SE, Germany, and Soybean phosphatidylcholine (PC) (Lipoid S-100) was ob-
tained from Lipoid GmbH, Ludwigshafen, Germany (Figure 5).
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Figure 5. The chemical structure of (A) haemanthamine (HAE), (B) polyvinylpyr-
rolidone (PVP) and (C) phosphatidylcholine (PC).

5.2. Extraction and isolation of compounds from
plant materials

5.2.1. General experimental procedures (I-1V)

Column chromatography was carried out with silica gel (60 N, spherical,
neutral, 40-50 pm, Kanto Chemical Co., Inc., Tokyo, Japan), reversed-phase Cs
(RP-18) (Fuji Silysia Chemical Ltd., Kasugai, Aichi, Japan), and Sephadex LH-
20 (Dowex® S50WX2-100, Sigma—Aldrich, St.Louis, MO, USA). Analytical
thin-layer chromatography (TLC) was performed with pre-coated silica gel
60F,s, and RP-18 Fps4 plates (0.25 or 0.50 mm thickness, Merck KGaA,
Darmstadt, Germany). Preparative HPLC was performed with an Agilent 1260
Infinity II system (Agilent, Santa Clara, CA, USA), using a Zorbax SB—Cis
column (S5pm particle size, 9.4 x 250 mm) and a DAD detector. A P-2000
polarimeter (JASCO, Tokyo, Japan) was used for optical rotation determina-
tions. A Shimadzu UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan) was
used to record ultraviolet spectra. Infrared (IR) spectra were collected with an
IR Prestige-21 spectrometer (Shimadzu, Kyoto, Japan). NMR spectroscopy
studies were conducted with a Bruker Avance 500 spectrometer (500 MHz for
'H NMR, 125 MHz for *C NMR) (Bruker, Billerica, MA, USA) and with tetra-
methylsilane as an internal reference. High-resolution electronspray ionization
mass spectrometry (HRESIMS) data were obtained with a LCMS-IT-TOF
spectrometer (Shimadzu, Kyoto, Japan).
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5.2.2. Extraction and isolation of Chisocheton paniculatus (1)

The dried leaves (4.5 kg) of C. paniculatus were extracted three times using
MeOH (10.0 L each) at room temperature to acquire 357 g of solid extract. The
extract was suspended in water (2.0 L) and partitioned three times with n-
hexane and EtOAc (5.0 L each) to obtain the dry n-hexane (127 g), EtOAc
(105 g), and water (W, 98 g)-soluble portions. The phytochemical investigation
of the water-soluble portion by application of repeated column chromatography
and prep-HPLC resulted in the isolation of six new compounds 1-6 (Figure 6).

Leaves of C. paniculatus —————— Dry MeOH extract ———— Suspension
(4.5 kg) MeOH. 100 L, 3times ~ (357.0g)  H:0.2.0L

n-Hexane, 5.0 L, 3 times

EtOAc, 5.0 L, 3 times I
Dry n-Hexane-soluble portion

(127.0 )
Dry EtOAc-soluble portion
(105.0 g)
Dry water-soluble portion
(W,98.0¢2)
Diaion-HP20

MeOH in water
(0%, 25%, 50%, 75%, 100%)

! ! ! ! }

w1 W2 (255 g) w3 W4 (21.0 g) W5
Silica gel Silica gel
chloroform-MeOH-water chloroform-MeOH-water
(7:2:0.2, viv) (5:1:0.1, viv)
w21 W2.2 W23(24g) - W28 Wia.1 W4.5(22¢g) W46
RP-18 RP-18
MeOH-water MeOH—water
(1:2, viv) (1:1, viv)
W2.3.3 W23.5 W4.5.1 W4.54  W45S
(391 mg) (431 mg)
Sephadex LH-20 Sephadex LH-20
MeOH-water (4:1, v/v) MeOH-water (4:1, v/v)
W2.3.3.2 W2.3.3.4 W4.5.4.2 W4.55.4
(90 mg) (161 mg)
Prep-HPLC Prep-HPLC
MeOH-TFA 0.05% MeOH-TFA 0.05%
(50:50, v/v) (60:40, v/v)
1(5.2 mg), 2 (4.3 mg), 3 (5.7 mg) and 4 (8.1 mg) 5 (4.1 mg) and 6 (3.6 mg)

Figure 6. Schematic diagram of the extraction and isolation of compounds 1-6 from
Chisocheton paniculatus.
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5.2.3. Extraction and isolation of Alphonsea tonkinensis (11-111)

The dried stems and leaves (8.0 kg) of A. tonkinensis were extracted with
MeOH by maceration (3%20.0 L each) at room temperature to obtain 790.0 g of
dry extract. After being suspended in HCI solution (pH 2.0), the dry MeOH
extract was extracted with EtOAc to obtain the EtOAc-soluble portion (dry EA
extract, 455.70 g). The aqueous phase was adjusted to pH 9 using saturated
ammonia solution and then extracted with CH,Cl, to acquire 19.26 g of dry
CH,Cl, extract. The dry CH,Cl, extract was subsequently partitioned into the
dry n-hexane portion (0.14 g), dry EtOAc portion (dry EC extract, 1.34 g), and
dry MeOH portion (14.59 g) extract. With application of column chromato-
graphy techniques to EA, EC and dry MeOH portion extracts, eight compounds
were afforded 7-14 (Figure 7).

Stems and leaves of — Dry MeOH extract —————* Suspension
A. tonkinensis(8.0 kg) MeOH, 200 L, 3times ~ (7900 g) ~ HCLpH=2

EtOAc

2.0 L, 3 times
1. NH;,pH=9

Dry CH,Cl, extract « Aqueous phase  Dry EA extract
(19.26 g) 2. CH,CL(5%1.0 L) (455.7 g)

SPE Silica gel

n-hexane—acetone

n-Hexane EtOAc MeOH gradient
(4x0.5 L) (4x0.5 1) (4x0.5 L) l l l l l

n-Hexane Dry EC extract Dry MeOH portion ... EA3 ... EA5| “ EA7

extract (0.14 g) (134 g) (14.59 g) (582 g) lRecrysta-

Silica gel e
Silica gel ey Silica gel Ilisation
CH,Cl,-MeOH
n-hexane—acetone n-hexane—acetone 14(0.83 g)
C,H,NH,

gradient (10:1:0.1, v/v) (15:1, viv)

DD

. EC2 EC3 ... EC8...ECll ... M4|...M6] ... M1l ... EA3.6 ... EA3.14
(78 mg) (130 mg)(80 mg)  Recrysta- (349
Sephad n-hexane— llisation Sephadex LH-20 RP-18
ephadex CH,Cly- CH,Cl,-MeOH acetone—water
LH-20 MeOH 12 (L1, viv) (9:1, viv)
CH,Cl,— s Sephadex (290 mg) =
(20:20:1) l l l l

MeOH LH-20

1:1, v/ I l CH,Cl,-MeOH

(L V) l_ Ry Ve ... EA3.62 ...EA368
EC3.1..Ec3.7 |1 vA) M6B.1 M6B.2 M6B.3 (371 mg)

HPLC v I 1 Recrysta- Sephadex LH-20

w EC22 .. |MeOH- prgy geg) ECS3 llisation CH,Cl,-MeOH
HPLC ACN- HPLC @1, viv)
MeOH H,0 )

“H,0 (30:23:47) Zl;g? ‘13%0 13 (9.0 mg) 11 (19.0 mg)
(56:44) ! 60,

10 (6.2 mg) 7 (3.0 mg) 8 (5.6 mg) and 9 (5.8 mg)

Figure 7. Schematic diagram of the extraction and isolation of compounds 7-14 from
Alphonsea tonkinensis.
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5.2.4. Extraction and isolation of Zephyranthes ajax (1V)

The powdered bulbs (5.5 kg) of Z. ajax were extracted three times with MeOH
(10.0 L each) at room temperature. The combined MeOH extract was evaporated
under a reduced pressure to give 467 g of dry extract. The extract was suspended
using 2.0 L water to partition with CH,Cl,, EtOAc, n-butanol (3 times, 2.0 L
each). The solvents were dried in vacuo to obtain the dry CH,Cl, extract (D,
120.3 g), dry EtOAc extract (E, 126.8 g), dry n-butanol (43.5 g) extract and dry
water (140.3 g) extract. Chromatographic purification of the CH,Cl, extract and
EtOAc extract led to the separation of eight compounds consisting of a new
flavanol derivative and seven known compounds 15-22 (Figure 8).

Bulbs of Z. ajax (5.5 kg) Dry MeOH extract————* Suspension

MeOH, 10.0 L, 3 times @670g H0.20L
CH,CL,, 2.0 L, 3 times
EtOAe, 2.0 L, 3 times
Dry CH,Cl, -soluble
n-Butanol, 2.0 L, 3 times portion (1203 g)
Dry EtOAc-soluble e
N Silica gel
ortion (126.8
Dry n-Butanol-soluble partion { ® n-hexane-acetone
portion (43.5 g) gradient
Dry water-soluble Sl i
- ilica gel
portion (W, 1403 g) n-hexane-acetone l k! l l
gradient v D3Q205g) .. D6
l J‘ l ? Silica gel
E4(18.5g) .. E6 n-hexane—ethyl acetate
Silica gel (8:1, V)
hexane—acetone
gradient l l 4 l l l
l L l l D31 D32(23g e D34] ... D38
4 l RP.18 lRemysla]lisation
. E4.2(2.1 o E4.4(2.1 2) .- E4.7 -
B4l @lg @y MeOH-water 22 (210 mg)
RP-18 Silica gel (1, viv)
MeOH-water n-hexane—CH,Cl,-MeOH
(3:1, wiv) (5:1:1, viv) l l l l
l l l l l l l l D3.2.5(212 mg) ... D3.2.10
Sephadex LH-20
... E42.4 (281 mg) ... E426 ... E443(451 mg) ... E445 MeOH
Sephadex LH-20 Sephadex LH-20
MeOH MeOH l l
l l l l l l D3.251 D3.252(78mg) D3.253
! Prep-HPLC
... E42.42(94 mg) ... E4244 . E44.33(143mg) E4434 MeOH-TFA 0.05%
Prep-HPLC Prep-HPLC | (60:40, v/v)
ACN-TFA 0.05% MeOH-H,O
2 15 (4.2 mg) and 16 (3.7
(6535, viv) (13:27, Vi) (42 mg) and 16 3.7 mg)
17 (3.0 mg), 18 (3.8 mg) 19 (4.1 mg), 20 (2.9 mg) and 21 (4.4 mg)

Figure 8. Schematic diagram of the extraction and isolation of compounds 15-22 from
Zephyranthes ajax.
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5.2.5. Cytotoxicity assay (I, I, IV)

The cytotoxic activity of isolated secondary metabolites was evaluated by using
a SRB assay. The evaluation of cell viability by means of SRB assay is based
on the determination of cellular protein content (Monks et al., 1991) against the
growth of human cancer cells including human lung carcinoma (the SK-LU-1
cell line), and/or human hepatocellular carcinoma (the HepG?2 cell line), and/or
human carcinoma in the mouth (the KB cell line), and/or human colon carci-
noma (the SW480 cell line), and/or human stomach gastric adenocarcinoma (the
AGS cell line).

In the present study, cells were cultured in Dulbecco’s modified eagle medium
(DMEM) composing of 2.0 mM L-glutamine, 10.0 mM HEPES, 1.0 mM sodium
pyruvate, supplemented with 10% fetal bovine serum (FBS) (GIBCO). The
cells were dissociated using 0.05% Trypsin-EDTA, sub-cultured every 3-5 days
with the ratio of (1:3) and incubated under a 5% CO, and 95% air atmosphere.
Briefly, each cell line was seeded into each well of the 96-well culture plates
and incubated in the respective medium at 37 °C, under a 5% CO, and 95% air
atmosphere, for 24 h. The cultivation of cells was maintained in a humidified
atmosphere of 5% CO, at 37 °C for 48 h. The cell line plated at proper density
was exposed to the test compound at concentrations of 100, 20, 4 and 0.8 pg/mL
under the same conditions for 72 h. Subsequently, the cell monolayers were
fixed using cold 20-% (w/v) trichloroacetic acid for 1 h after removal of the
medium, and stained by SRB staining solution for 30 min at 37 °C. The 1%
(v/v) acetic acid solution was afterwards employed in three times to remove the
unbound dye. The optical density measurement at 515 nm on an ELISA Plate
Reader (Bio-Rad) was performed for the protein-bound dye dissolved in 10 mM
Tris base solution. DMSO 10% and ellipticine were used as a negative control
and a positive control, respectively. The determination of half maximal inhibi-
tory concentration (ICsy) was assessed by the program TableCurve Version 4.0.
Each cytotoxicity assay was carried out in triplicate. The inhibition rate (IR) of
cell growth was calculated using the following equation: IR% = (100% — [(At —
Ap)/(A:. — Ag)] x 100), where At denotes to an average optical density value at
day 3, A, denotes to an average optical density value at time-zero, and A,
denotes to an average optical density value of the negative (DMSO) control
sample.

5.2.6. Anti-inflammatory assay (I, I1)

The nitrite concentration, as an indicator for the presence of NO in the culture
medium, was assessed using the Griess reaction. Briefly, in a 96-well plate, the
RAW 264.7 cells were cultured at a concentration of 2x10° cells/well and
incubated at 37 °C and 5% CO, for 24 h. DMEM composed of 10.0 mM
HEPES, 2.0 mM L-glutamine and 1.0 mM sodium pyruvate without FBS was
utilized to replace the culture medium for 3 hours. Subsequently, the cells were
treated with or without test compounds at various concentrations of 100, 20, 4
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and 0.8 pg/mL and then stimulated with lipopolysaccharide (LPS) (1 pg/mL)
for another 24 h at 37 °C in an incubator. The concentration of NO production
in the cell culture supernatant was measured using a Griess reagent comprising
1% (w/v) sulfanilamide in 5% (v/v) phosphoric acid and 0.1% (w/v) N-1-
naphthylethylenediamine dihydrochloride in water (1:1, v/v). The cell-free
supernatant (100 puL) was mixed with an equal volume of the Griess reagent and
further incubated at room temperature for 10 min. The absorbance of the mix-
ture was determined at 540 nm by a microplate reader (Bio-Rad, Hercules, CA,
USA) with a calibration curve prepared from standard NaNO, serial dilution.
N-methyl-L-arginine acetate (L-NMMA) was employed as a positive control.
Cell viability of the remaining cells was estimated using a MTT-based colori-
metric assay (Yeon et al., 2015; Nguyen et al., 2020).

5.2.7. Acetylcholinesterase inhibitory activity assay (llI)

The AChE inhibition assay was performed by slightly modifying an Ellman
method (Magalhaes et al., 2020). Acetylthiocholine is hydrolysed by AChE
enzyme to produce thiocholine, and the product reacts with Ellman’s reagent
(5,5’-dithiobis-nitrobenzoic acid, DTNB) resulting in 5-thio-2-nitrobenzoate
which was measured by the spectrophotometric. In a 96-well microplate, 140 pL
(100 uM) of sodium phosphate buffer (pH 8.0), 20 pL of tested sample solution
(final concentration of 100 pg/mL for the extracts and 100 pM for compounds),
and 20 pL of either AChE solution, were added and mixed in the wells, and
then incubated for 15 min at room temperature. Subsequently, 10 uL of DTNB
was added to the solution. The enzymatic reaction was undertaken with the
addition of acetylthiocholine (10 pL). The formation of the yellow 5-thio-2-
nitrobenzoate anion for 15 min was analyzed using an ELISA plate reader
(BioTek, Winooski, VT, USA) at 405 nm to evaluate the AChE inhibition of
tested samples. The concentrations of 100, 20, 4 and 0.8 pg/mL (uM) in MeOH
of all samples and the positive control (galanthamine) were carried out in tripli-
cate to calculate dose-response curves. The inhibition value (in %) was deter-
mined using the following equation [1]:

% AChE inhibition = [(Ac — Abc) — (As — Abs)]/(Ac — Abc) x 100  [Eq. 1]

where Ac is the absorbance of the control, Abc is the absorbance of the control
blank, As is the absorbance of the sample, Abs is the absorbance of the sample
blank. An ICs, value (UM required to inhibit the hydrolysis of the substrate,
AChE by 50%) was used to express the inhibition of AChE activity of each
sample, as calculated from the log-dose inhibition curve.
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5.2.8. Antioxidant activity assay (lll)

Free radical-scavenging ability of the extracts and isolates was evaluated using
a 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical method (Baliyan et al., 2022).
Briefly, 200 pL of each sample at various concentrations of 200, 40, 8 and
1.6 pug/mL was combined with the 200 ul. methanolic solution of DPPH
(0.135 mM) in a test tube. The tubes were mixed and incubated in total darkness
for 30 min. Then, the absorbance was measured at 517 nm by means of a Shi-
madzu UV-1800 spectrometer (Shimadzu USA Manufacturing, Inc., Canby,
OR, USA). Quercetin was used as a positive control. The tests were carried out
in triplicate. The scavenging of the DPPH radical was determined by the
following equation [2]:

1% = [(Aptank — Asample)/ Aplank] x 100 [Eq. 2]

where Apjani s the absorbance of the DPPH in MeOH and Agmpie is the absor-
bance of the DPPH + sample extract. The extract concentration providing 50%
inhibition (ICsy) was obtained by plotting inhibition percentage against extract
concentrations.

5.3. Preparation and characterization of amphiphilic
nanofibers loaded with plant-origin haemanthamine (V)

5.3.1. Preparation of nanofibers (V)

The amphiphilic NFs loaded with HAE were generated with a solvent-based ES
method. ES solutions were prepared by first dissolving PC (150.0 mg) in 5 mL of
ethanol and stirring in a magnetic stirrer at ambient room temperature (22 = 2 °C)
for one hour. Next, PVP (300 mg/600 mg) was added to the solution and stirred
for at least 17 h. At last, HAE (21.0 mg) was added and stirred for 6 h under the
same environmental condition. After 24 h, the solutions consisting of soybean
PC and PVP at the weight ratios of 1:2 and 1:4 were achieved for producing the
amphiphilic NFs.

The NFs were fabricated using an ESR200RD robotized ES system con-
sisting of a programmable syringe pump, a special syringe (spinneret), a high-
voltage power supply (Model HV30) and a collector plate covered with alu-
minum foil, and ES/spraying system (NanoNC, South Korea). For ES, the
voltage applied was 10 kV, the distance between the spinneret and a collector
plate was 12 ¢cm, and a 2.5-mL syringe equipped with a metal 25G blunt needle
was used at an injection rate of 1.0 mL/h. The ES experiments were performed
at room temperature (22 = 2 °C) and relative humidity of 18-20%. All fiber
samples collected onto an aluminum foil were kept in a zip-lock plastic bag in a
refrigerator (8 °C) and at 0% relative humidity above silica gel in a desiccator
for 12 h prior to analysis.
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5.3.2. Preparation of liposomes (V)

The mixture consisting of the pre-weighted sample (100 mg) of NFs and dis-
tilled water (1.0 mL) was gently manually shaken for 1-2 min at room tempe-
rature to afford a homogenous dispersion (Figure 9). The dispersion was then
left to be equilibrated for at least 10 min for yielding the HAE-loaded liposomes
by self-deposition. Then, the self-assembled liposomes formed in the dispersion
were immediately investigated.

Nanofiber matrix (100 mg) Distilled water (5 mL) Fiber-hydrated liposomes
”‘:’ —
A —
Hydration
F, —
Amphiphilic nanofibers (PC + PVP) Drug-free liposomes
S f
B — L
Hydration * o °
) s o o
Drug-loaded amphiphilic nanofibers Drug-loaded liposomes

(Drug + PC + PVP)

Figure 9. Schematic representation of the prepared liposome dispersions from hydrated
nanofibers (NFs), (A) the formation of empty liposomes, and (B) the formation of the
drug-loaded amphiphilic liposomes.

5.3.3. The geometric properties and surface morphology of
electrospun nanofibers (V)

The shape, surface porosity, fiber size and morphology of NFs were investigated
with a scanning electron microscope (SEM) (NanoSEM 450, FEI Corp., Hills-
boro, OR, USA). The samples were attached on aluminum stubs coated with a
3 nm gold layer and magnetron sputter coated with platinum (3—5 nm) in an argon
atmosphere. The SEM diameter data of NFs were acquired with ImageJ 1.50b
software (National Institutes of Health, Bethesda, Rockville, MD, USA). The
assessments were carried out for at least 100 individual NFs (n = 100).

5.3.4. Optical microscopy of self-assembled liposomes (V)

Optical microscopy CETI MAGTEX (Medline Sci., Chalgrove, Oxfordshire,
UK) was used to assess the spontaneous formation of self-assembled liposomes.
After gently manually shaking NFs in distilled water (1:10 m/v) for 1-2 min,
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the liposomes were formed by self-deposition for 10 min, and consequently,
investigated by optical light microscopy.

5.3.5. Photon correlation spectroscopy (V)

The size and size distribution of liposomes were measured using photon corre-
lation spectroscopy (PCS) submicron particle analyzer (Nicomp model 380,
Nicomp Inst Corp, Santa Barbara, CA, USA). The NFs (100 mg) were added
5.0 mL of distilled water, then vortexed (Vortex-Genie 2, G560E, Scientific
Industries Inc., Bohemia, NY, USA) for 5 min to obtain white and homo-
geneous liposome dispersion. The NFs were hydrated, and self-assembled lipo-
somes were formed. The mixture containing liposomes was then ultra-centri-
fuged in a Beckman Optima LE-80K ultracentrifuge (Beckman Coulter Inc.,
Fullerton, CA, USA) using a SW55 rotor at 50,000 rpm (at 4 °C for 1 h), and
the supernatant with polymer (PVP) was removed. The vesicle dispersion was
then diluted (50 x dilution in distilled water) for the PCS analysis.

5.3.6. Fourier transform infrared spectroscopy (V)

Fourier transform infrared (FTIR) spectroscopy studies were carried out using
IR Prestige-21 Spectrophotometer (Shimadzu Corp., Kyoto, Japan) and Single
Reflection ATR crystal (Specac Ltd., Orpington, United Kingdom). The per-
forming range was from 4000 cm ™' to 550 cm ™.

5.3.7. X-ray powder diffraction (V)

The XRPD patterns of samples were conducted on a Bruker D8 Advance
diffractometer (Bruker Corporation, Germany) with two 2.5 Soller slits and a
LynxEye line-detector. For material powder, a Variol focusing primary mono-
chromator, the wavelength of Cu K-alpha 1 radiation = 1.5406 A, data from 5 to
40° 26 with a scanning step of 0.0173° 20 and a total counting time of 324 s per
step were applied. While NFs were investigated using a Goebel mirror (the
wavelength of Cu K-alpha radiation = 1.39222 A), a step size of 0.0194°20
from 5 to 35° 20 and a total counting time of 328 s per step.

5.3.8. Differential scanning calorimetry (V)

DSC 4000 (Perkin Elmer Ltd., Shelton, CT, USA) was exploited for the thermal
properties of samples. Samples were studied under a dry nitrogen flow in
crimped aluminum pans with 2 pinholes in a lid. Indium was used as a standard
for the calibration of the calorimeter. In the DSC experiments, the fundamental
parameters were as follows: the weight of the samples (2—8 mg), the heating
rate (20 °C/min), the range for the operating temperature (30 °C-215 °C). Each
DSC run was performed three times.
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5.3.9. In vitro drug release (V)

In-vitro drug release tests were carried out by using a dialysis bag diffusion
method (molecular weight cut off 10 kDa, Membrane-Cel, Viskase, Inc.,
Chicago, IL, USA). Drug-loaded NFs (20 mg) were dispersed into dialysis bag
containing 2.0 mL of phosphate buffered saline (PBS), pH 6.8, as release media.
The control sample (2.0 mL) including 1.0 mL HAE aqueous solution
(1 mg/mL) and 1.0 mL of PBS was placed inside a dialysis bag. The dialysis
bag was put in a 50 mL tube containing 20 mL of pH 6.8 PBS which was
covered and positioned in a dissolution apparatus vessel (Dissolution system
2100, Distek Inc., North Brunswick Township, NJ, USA). The rotating speed of
the paddles was maintained at 100 rpm, at 37 + 1 °C throughout the experiment.
At predetermined time points, samples (1.0 mL) were withdrawn and replaced
with equal amounts of a fresh media. All samples were filtered through a
0.45 pum filter membrane and analyzed using HPLC (Shimadzu Corporation,
Kyoto, Japan) equipped with a Luna C18 column (25 cm x 4.6 cm, 5 um
particle size) (Phenomenex Inc., Torrance, CA, USA). The HPLC method was
applied as described in the literature with slight modifications (Lopez et al.,
2002). The mobile phase consisted of a solution A and MeOH (60:40, v/v). The
solution A was a water:acetonitrile mixture (33:67, v/v) containing 7 mM
sodium dodecylsulphate, 25 mM sodium phosphate and 1 mM ammonium
acetate solution, and solvent B was MeOH. The flow rate was kept at
1.0 mL/min and the wavelength was set at 293 nm.

5.3.10. Data analysis

Structure generation of compounds (I-V) was performed using the ChemBio-
Draw Ultra (version 13.0) drawing program. Results are expressed as mean +
standard deviation (SD) of three replicates (I-V). Descriptive statistical analyses
(I-V) including the calculation of frequencies, the arithmetic means, SDs,
students’ t-test and one-way analysis of variance (ANOVA) used for testing
statistical significance of differences (p = 0.05) or plotting figures were carried
out using Microsoft Excel 2013 and OriginPro 8.5.0 software (Originlab Cor-
poration, Northampton, MA, USA). The measurement of the particle size
(Martin’s diameter) and particle size variation (V) were determined by Imagel
(version 1.50b) software. Particle size normality distribution (V) was examined
by a Shapiro-Wilk test.
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6. RESULTS AND DISCUSSION

6.1. Chemical structure elucidation, cytotoxicity and
biological activity of the compounds isolated from the
selected plants (I-1V)

Chemical structure of the compounds isolated from C. paniculatus, A. ton-
kinensis and Z. ajax were elucidated using NMR (1D and 2D) and/or HRESIMS
and/or IR and/or UV, circular dichroism (CD) spectra, optical rotation and
comparison with the literature data.

6.1.1. Chisocheton paniculatus ()

6.1.1.1. Chemical structure elucidation (l)

Six new chiro-inositol derivatives isolated from the leaves of C. paniculatus
using an in-house extraction and chromatographic techniques were: 4,5-di-O-5-
hydroxytigloyl-1-O-2-methylbutyroyl-3-O-tigloyl-chiro-inositol (1), 4,5-di-O-
5-hydroxytigloyl-3-O-2-methylbutyroyl-1-O-tigloyl-chiro-inositol (2), 4,5-di-
O-5-hydroxytigloyl-1,3-di-O-2-methylbutyroyl-chiro-inositol (3), 3,5-di-O-5-
hydroxytigloyl-2-O-2-methylbutyroyl-6-O-tigloyl-chiro-inositol (4), 3,5-di-O-
5-hydroxytigloyl-2,6-di-O-2-methylbutyroyl-chiro-inositol ~ (5), 4,5-di-O-5-
hydroxytigloyl-3,6-di-O-tigloyl-chiro-inositol (6). Their structural elucidations
are present in Figure 10.

ORg
R R R R R R
R1O. OR; ! 2 3 4 5 6
@ 1 Mebu H Tig TigOH TigOH H
R0 Y7 TOR4
OR; 2 Tig H Mebu TigOH TigOH H
0 3 Mebu H Mebu TigOH TigOH H
Mebu = %J\‘/\
o 4 H Mebu TigOH H TigOH Tig
Tig= = . _
5 H Mebu TigOH H TigOH Mebu
0
TigOH = \)J\{\ 6 H H Tig TigOH  TigOH  Tig
OH

Figure 10. Structures of compounds 1-6 from Chisocheton paniculatus.

Compound 1 was isolated as a pale yellow oil. Its molecular formula, CysH3305,,
was determined by HRESIMS and NMR spectroscopic data analysis. The IR
spectrum exhibited the presence of hydroxy (3446 cm™), ester (1718 cm™), and
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olefinic (1649 cm™) functional groups in the molecule. Characteristic signals of
three olefinic methine protons [dy 7.02, 6.91, 6.86], six methyl groups [dy 1.00
(3H,t,J=7.5Hz), 1.27 3H,d,J=7.1 Hz), 1.78 (6H), 1.88 (3H, d, J = 7.2 Hz),
and 1.92 (3H, d, J = 7.2 Hz)], and ten oxygenated methine and/or methylene
protons (Jy 4.14—5.72) was detected in the 'H NMR spectrum of 1 (Table 2).
The *C NMR (Table 3) and HSQC spectra of 1 showed the presence of four
carbonyl carbons [dc 177.2 (C-17), 168.7 (C-17), 167.7 (C-1""), 168.1 (C-1"")],
six olefinic carbons (¢ 129.1-143.8), six oxygenated methine carbons [dc 74.7
(C-1), 74.5 (C-5), 73.3 (C-3), 71.4 (C-4), 68.4 (C-6), 68.2 (C-2)], two OXy-
genated methylene carbons [dc 56.2 (C-5""), 56.1 (C-5"")], and eight sp’
carbons (dc 11.9-42.4).

Table 2. 'H (500 MHz) NMR data for 1-6 in CD;0D (& in ppm and J values in (Hz) in

parentheses)
Position 1 2 3 4 5 6
1 5.27dd 531dd 5.25dd 4.11° 4.06 dd 4.19 br.s
(39,40 (33.7,3.7) 1(3.8,3.9) (3.0,3.4)
2 4.14 dd 4.11dd 4.07 dd 5.41° 5.39dd 4.19 br.s
(3.7,39) 129,37 |(3.5,3.5) (3.4,2.9)
3 5.17dd 5.18 dd 5.17dd 5.41¢ 5.40dd 5.41dt
(3.7,10.5) [(2.9,10.5) |(2.9,10.5) (2.9,9.6) [(7.5,2.5)
4 5.72dd 5.69 dd 5.68 dd 4.11° 4.08 dd 5.76 m
(10.5,10.2) {(10.5, 10.2) | (10.5, 10.0) (9.6,9.9)
5 5.46 dd 5.47dd 5.44 dd 5.64 dd 5.60 dd 5.76 m
(10.2,10.0) {(10.2,10.0) | (9.8,10.0) |(10.0,10.4) [(9.9, 10.1)
6 4.30° 4.32° 4.32¢ 5.15dd 5.14dd 5.41dt
(2.9,104) [(3.0,10.1) [(7.5,2.5)
Mebu-1 Mebu-3 Mebu-1 Mebu-2 Mebu-2 Tig-3
2 2.55m 240 m 2.55m 251 m 2.50 m -
3 1.78 m 1.60 m 1.77 m 1.74 m 1.72 m 6.88 q
1.57m 141 m 1.58 m 1.56 m 1.56 m (7.3)
4 1.00t(7.5) |0.82t(7.4) |0.99t(7.4) {0.98t(7.5) |0.97t(7.5) |1.78d
(7.3)
5’ 1.27d(7.1){1.09d (6.9) |1.27d (7.1) |1.22d 1.22d(7.0)[1.79 s
(7.0)
Tig-3 Tig-1 Mebu-3 Tig-6 Mebu-6 Tig-6
2" - - 240 m - 240 m -
3” 6.86 m 7.03¢ 1.58m 6.88 m 1.60 m 6.88 q
142 m 143 m (7.3)
4” 1.78¢ 1.90d(7.2) |0.82t(7.4) |1.78" 0.83t(7.4) [1.78d
(7.3)
5” 1.78° 1.93¢ 1.09d (7.0) [1.78° 1.10d(7.0) | 1.79 s
TigOH-4 |TigOH-4 |TigOH-4 TigOH-3 |TigOH-3 |TigOH-4
3 1691q(7.2) |7.03° 6.94q (7.2) |7.06 q (7.2) | 7.06" 6.91q
(7.2)
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Position 1 2 3 4 5 6
47 [1.88d(7.2) [1.91d(7.2) [1.92d (7.3) | 1.95d (7.2) [1.95d (7.3) | 1.87d
(7.2)
57 424 s 425s 4.25s 4.37° 433 (437,433 424 s
TigOH-5 |TigOH-5 |TigOH-5 |TigOH-5 |TigOH-5 | TigOH-5
377 |7.02q(7.2) |6.95q (7.2) [7.01 q (7.3) | 7.02 q (7.2) | 7.06° 6.95q
(7.2)
47 [1.92d(7.2) [1.93° 1.89d(7.3) [1.93d(7.2) [1.93d (7.3) | 1.87d
(7.2)
577 14.33d 4.33d 433d 4.37%, 433 |4.37°,4.33% |4.24 s
(12.0), (11.9) (12.0)
4.30d 4.30d 429d
(12.0) (11.9) (12.0)
“Overlapping signals.

The complete structure of 1 was established by correlation spectroscopy
(COSY), heteronuclear single quantum coherence (HSQC), and heteronuclear
multiple bond correlation (HMBC) data (Figure 10). The presence of six oxy-
genated methine carbons (Jc 68.2-74.7) as well as the lack of the anomeric
signal in the C NMR spectrum, indicated the presence of an inositol
moiety in 1. This result was confirmed by the closed spin system
[C(1))H-C(2)H—-C(3)H-C(4)H-C(5)H-C(6)H-C(1)H] in the COSY spectrum.
The coupling patterns of six oxygenated methine protons in 1 included three
axial/equatorial and/or equatorial/equatorial couplings with small J values of
3.7, 3.9, and 4.0 Hz as well as three trans-diaxial couplings with large J values
of 10.0, 10.2, and 10.5 Hz. In addition, the nuclear overhauser effect spectro-
scopy (NOESY) spectrum (Figure 11) revealed the presence of the key
correlations of H-3 (dy 5.17) to H-5 (dy 5.46) and of H-4 (dy 5.72) to H-6 (Ju
4.30). Based on this evidence, a chiro-form was determined for the inositol
moiety of 1 (Fortuna et al., 2011; Wu et al., 2015).
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Table 3. °C (125 MHz) NMR data for 1-6 in CD;0D

Position | 1 2 3 4 5 6
1 74.7 74.9 74.7 68.6 68.6 71.3
2 68.2 68.4 68.2 71.9 71.9 71.3
3 73.3 72.7 72.6 73.3 73.0 73.2
4 714 71.3 71.3 70.9 71.1 71.8
5 74.5 74.7 74.7 73.6 73.5 71.8
6 68.4 68.5 68.3 73.1 72.7 73.2
Mebu-1 Mebu-3 Mebu-1 Mebu-2 Mebu-2 Tig-3
I 177.2 177.7 177.2 176.6 176.6 168.8
2’ 42.4 42.1 42.4 42.5 42.5 129.2
3 27.6 27.7 27.6 27.8 27.8 139.8
4 11.9 11.8 11.9 12.0 12.0 14.4
5 17.2 16.5 17.2 17.2 17.2 12.0
Tig-3 Tig-1 Mebu-3 Tig-6 Mebu-6 Tig-6
1” 168.7 168.3 177.7 168.8 177.7 168.8
2”7 129.1 129.3 42.1 129.1 42.2 129.2
3” 139.9 139.8 27.7 139.9 27.7 139.8
4” 14.4 14.5 11.8 14.4 11.8 14.4
5” 12.0 12.3 16.5 12.1 16.6 12.0
TigOH-4 | TigOH-4 | TigOH-4 | TigOH-3 | TigOH-3 | TigOH-4
1 167.7 167.6 167.6 167.6 167.6 167.7
2" 133.2 133.1 133.2 133.4 133.4 133.2
3 143.6 143.9 143.9 143.7 143.7 143.6
4" 14.4 14.4 14.4 14.4 14.3 14.4
5" 56.1 56.1 56.1 56.2 56.2 56.1
TigOH-5 | TigOH-5 | TigOH-5 | TigOH-5 | TigOH-5 | TigOH-5
1" 168.1 168.1 168.1 167.9 167.8 167.7
2" 133.2 133.1 133.2 133.5 133.5 133.2
3" 143.8 143.9 143.9 143.2 143.5 143.6
4" 14.4 14.4 14.4 14.4 14.3 14.4
5" 56.2 56.2 56.2 56.2 56.2 56.1

The cross-peaks of H3-4" (dy 1.00)/Hs-5" (o 1.27) to C-2" (dc 42.4)/C-3" (oc
27.6) and of H3-5" to C-1” (dc 177.2) in the HMBC spectrum, along with the
linear spin system [(C-4")H;—(C-3")H,—(C-2")H—(C-5")H;] in the COSY spect-
rum (Figure 11) were observed, which confirmed the presence of a 2-methyl-
butyroyloxy moiety in 1. Similarly, a (£)-2-methylbut-2-enoyloxy (trivial name:
tigloyloxy) and two (F)-2-(hydroxymethyl)but-2-enoyloxy (trivial name: 5-
hydroxytigloyloxy) moieties in 1 were concluded from analysis of the HMBC,
COSY, and NOESY spectra (Figures 11 and 12). The 2-methylbutyroyloxy,
tigloyloxy and two 5-hydroxytigloyloxy moieties were located at C-1, C-3, C-4
and C-5, based on the HMBC correlations from the oxygenated methine protons
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of the inositol moiety to the carbonyl carbons of the ester groups [H-1/C-1", H-
3/C-17, H-4/C-1"", and H-5/C-1""""]. Thus, compound 1 was assigned as 4,5-di-
O-5-hydroxytigloyl-1-0O-2-methylbutyroyl-3-O-tigloyl-chiro-inositol.

Figure 11. Key HMBC (‘H—"C, arrows) and COSY (bold lines) correlations of
compounds 1, 4, and 6.

Figure 12. Key NOESY correlations (dashed arrows) of compound 1.

Compound 2 was obtained as a pale yellow oil. The HRESIMS and NMR
spectroscopy data suggested this isolate to have the same molecular formula and
substituent groups present as those of 1. Compound 2 possesses a 1,3,4,5-tetra-
substituted inositol ring as in 1 based on the downfield chemical shifts of H-1
(on 5.31), H-3 (dy 5.18), H-4 (dy 5.69), H-5 (dy 5.47). The HMBC correlations
from H-4 to C-1""" (dc 167.6) and from H-5 to C-1"" (dc 168.1) established the
connection from the two 5-hydroxytigloyloxy moieties to C-4 and C-5, respec-
tively.

Furthermore, the position of the tigloyloxy and 2-methylbutyroyloxy moieties
was determined at C-1 and C-3 based on the HMBC correlations of H-1 to C-1”
(0c 168.3) and of H-3 to C-1" (dc 177.7). Thus, compound 2 was elucidated as
4,5-di-O-5-hydroxytigloyl-3-O-2-methylbutyroyl-1-O-tigloyl-chiro-inositol.
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Compound 3 was obtained as a pale yellow oil. This compound possessed
the molecular formula C,sH40O;, (implying seven degrees of unsaturation) as
determined by using the HRESIMS data at m/z 567.2418 [M + Na]".

The 'H and >C NMR spectroscopic data (Tables 2 and 3) were similar to
those of 2, except for the presence of signals for an additional 2-methyl-
butyroyloxy group [dc/dn: 177.2 (C), 42.4/2.55 (CH), 27.6/1.77 and 1.58 (CH.,),
11.9/0.99 (CH3;), 17.2/1.27 (CH3)] in 3, instead of a tigloyloxy group in 2. The
HMBC correlation from H-1 (dy 5.25) to the carbonyl carbon at dc 177.2 (C-1")
demonstrated that this group is attached at C-1. The downfield chemical shifts
of H-3 (0y 5.17), H-4 (dy 5.68), and H-5 (dy 5.44) as well as their HMBC
correlations to the carbonyl carbons at dc 177.7, 167.6, and 168.1 indicated that
the remaining 2-methylbutyroyloxy group and the two 5-hydroxytigloyloxy
groups in 3 were placed at the same positions as in 2. Consequently, compound 3
was proposed as 4,5-di-O-5-hydroxytigloyl-1,3-di-O-2-methylbutyroyl-chiro-
inositol.

Compound 4, obtained as a pale yellow oil, possessed the molecular formula
Cy¢H3301, based on the HRESIMS quasimolecular peak at m/z 581.1987
[M+K]" (caled for CyHs301K, 581.2000). This isolate possesses a close
structural resemblance to 1 and 2, with a chiro-inositol skeleton linking to four
ester moieties, except for the substituent pattern of the inositol ring, which was
deduced from analysis of the NMR and HRESIMS data. The downfield
chemical shifts of H-2, H-3 (dy 5.41), H-5 (dy 5.64), H-6 (dy 5.15) and their
HMBC correlations to the corresponding carbonyl carbons in the ester groups
indicated the presence of substitution at carbons C-2, C-3, C-5, and C-6 in 4.
Additionally, the 2-methylbutyroyloxy and tigloyloxy residues were linked to
C-2 and C-6 via the cross-peaks from H-2 to C-1" (dc 176.6), and from H-6 to
C-1”7 (6c 168.8). In the same manner, the presence of the two 5-hydroxytigloy-
loxy residues at C-3 and C-5 in 4 was deduced from the HMBC cross-peaks H-
3/C-1"" (0c 167.6) and H-5/C-1""" (6c 167.9). Thus, the structure of 4 was
established as 3,5-di-O-5-hydroxytigloyl-2-O-2-methylbutyroyl-6-O-tigloyl-
chiro-inositol.

Compound 5 was isolated as a pale yellow oil, and its molecular formula
Cy6H400O1, was determined by its 3C NMR and HRESIMS data, requiring seven
degrees of unsaturation. Except for signals showing the replacement of a
tigloyloxy group by a 2-methylbutyroyloxy group in 5, the 'H and *C NMR
spectroscopic data of 5§ were very similar to those of 4. Moreover, the additional
2-methylbutyroyloxy group at C-6 (¢ 72.7) was verified by an HMBC corre-
lation between H-6 (dy 5.14) and C-1” (dc 177.7). Hence, compound 5 was as-
signed as 3,5-di-O-5-hydroxytigloyl-2,6-di-O-2-methylbutyroyl-chiro-inositol.

Compound 6, isolated as a pale yellow oil, gave a molecular formula of
C,6H3601, on the basis of the HRESIMS sodiated molecular ion at m/z 563.2088
[M+Na]" (caled for CpeH3s012Na, 563.2104). Surprisingly, the C NMR
spectrum of 6 showed only 13 carbon signals which suggested 6 to have a sym-
metrical structure (Mo et al., 2017). Three pairs of signals at dc/oy 71.3/4.19,
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71.8/5.76, and 73.2/5.41 were observed in the 'H, *C and HSQC NMR spectra,
corresponding to six oxygenated methine groups in 6. In addition, the signal at
ou 5.41 (H-3, H-6) exhibited COSY cross-peaks with signals at oy 4.19 (H-1, H-
2) and 5.76 (H-4, H-5). Thus, compound 6 was assigned for an inositol
derivative. A di-axial relationship between H-3 and H-4 and between H-5 and
H-6 was confirmed by the large J;4, J5¢ values (7.5 Hz). The observed equa-
torial orientation was identified for both H-1 and H-2 due to the small J, 4, J>3
values (2.5 Hz). Therefore, compound 6 was suggested to possess a chiro-
inositol form in its structure. The 'H and >C NMR data revealed this compound
to have two tigloyloxy and two 5-hydroxytigloyloxy moieties, which was
established from the HMBC spectrum. Furthermore, the HMBC correlations of
H-3 and H-6 (dy 5.41) to carbonyl carbons at dc 168.8 (C-1’, C-1”) allowed two
tigloyloxy units to be located at C-3 and C-6. The positions of two 5-hydro-
xytigloyloxy units were found to be identical to those of 1-3 on the basis of the
downfield protons H-4 and H-5 (dy 5.76), and their HMBC correlations to two
carbonyl carbonyl carbons at dc 167.7 (C-1"’, C-1"""). Hence, the compound 6
was elucidated as 4,5-di-O-5-hydroxytigloyl-3,6-di-O-tigloyl-chiro-inositol.

6.1.1.2. Cytotoxic activity (1)

For the first screening of cytotoxic activity, the isolated compounds 1-6 were
evaluated against the SK-LU-1 cell line. The results showed that all new chiro-
inositol derivatives displayed very weak cytotoxicity against the tested cell lines
(the ICs, values were above 100 pg/mL) (Table 4).

Table 4. Cytotoxic activity of 1-6 against human lung carcinoma (the SK-LU-1 cell line)

Concentration Compound
(ng/mL) 1 2 3 4 5 6 Ellipticine
100 30.0 | 30.8 | 385 | 20.8 | 22.5 | 33.7 101.8
20 179 | 154 | 19.2 7.9 59 21.1 90.9
4 14.6 11.2 15.2 2.6 1.5 14.9 46.5
0.8 2.8 4.8 10.7 | -3.2 -1.8 7.5 21.3
ICs >100 | >100 | >100 | >100 | >100 | >100 | 0.38 +0.04

ICso: The half-maximal inhibitory concentration. Ellipticine was used as a positive
control. Values represent mean = SD of three parallel measurements.

6.1.1.3. Anti-inflammatory activity (1)

In order to screen their cytotoxicity and inhibition of NO production in LPS-
stimulated RAW 264.7 cells by a Griess assay, the isolated compounds 1-6
were examined initially at a concentration of 100 pg/mL. None of them showed
cytotoxicity (cell viability > 85%). The results of inhibition of NO production
are summarized in Table 5. Compound 4 showed the most potent NO pro-
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duction inhibitory activity, with an ICs, value of 7.1 uM, among the isolated
compounds. Compounds 1, 3, and 6 displayed moderate inhibition of NO
production, with ICs, values of 20.3, 62.9 and 56.7 uM, respectively. Com-
pounds 2 and 5 exhibited very weak inhibitory activity, with ICsy values of
123.7 and 95.6 uM, respectively. Based on the present results, compound 4
could be a promising candidate for further studies (such as in vivo anti-inflam-
matory activity or other biological activity studies).

Table 5. Inhibition of NO-production of the compounds 1-6

Compound 100 20 4 0.8 ICs ICs
(ug/ml) | (ug/mL) | (ug/mL) | (ug/mL) | (ug/mL) (uM)
1 62.3 54.9 44.8 335 [11.0+£1.9 [203+3.5
2 54.3 40.6 36.7 320 [67.0+5.7 [ 123.7+10.5
3 56.4 46.5 38.5 293 [243+19 | 62.9+49
4 67.7 60.2 51.6 400 [3.9+04 [7.1+07
5 59.0 39.7 275 204 [520+19 [ 95.6+3.5
6 63.2 45.6 36.4 284 [30.6+25 [ 56.7+4.6
L-NMMA | 849 80.4 34.7 129 [74+06 [300+24

ICso: The half-maximal inhibitory concentration L-NMMA was used as a positive
control for inhibition of NO-production activity; and ellipticine was used as a positive
control for cytotoxicity evaluation. Values represent mean + SD of three parallel mea-
surements. p<0.05 indicates significant differences when compared to a positive control.

6.1.2. Alphonsea tonkinensis (1)

6.1.2.1. Chemical structure elucidation (ll)

Eight pure compounds (7-14) comprising six alkaloids were isolated from the
stems and leaves of A. tonkinensis (Figure 13) by using combined chromato-
graphic separation techniques. By means of 1D and 2D NMR spectroscopy and
by comparisons to the reported data in the literature, the structures of these
compounds were identified as liriodenine (7) (Kristanti et al., 2015), N-trans-
feruloyltyramin (8) (Kanada et al., 2012), corydaldine (9) (Atan et al., 2011), 8-
oxopseudopalmatine (10) (Costa et al., 2010), 3-hydroxy-7,8-dehydro-f-ionone
(11) (Sannai et al., 1984), pseudopalmatine (12) (Stubba et al., 2015), pseudo-
columbamine (13) (Moulis et al., 1977), and stigmasterol (14) (Forgo & Kovér,
2004). To the best of our knowledge, compounds 9 and 11 were isolated from
the genus Alphonsea for the first time. '"H NMR and “C NMR data of these
compounds are listed below.

Liriodenine (7): pale yellow solid; 'H NMR (500 MHz, DMSO-d;): 7.59
(1H, s, H-3), 8.08 (1H, d, J = 4.5 Hz, H-4), 8.82 (1H, d, J = 4.5 Hz, H-5), 8.37
(1H, d, J = 8.0 Hz, H-8), 7.66 (1H, t, J = 8.0 Hz, H-9), 7.90 (1H, t, J = 8.0 Hz,
H-10), 8.64 (1H, d, J = 8.0 Hz, H-11), 6.52 (2H, s, -O-CH,-O-); *C NMR (125
MHz, DMSO-dg): 148.8 (C-1), 152.0 (C-2), 103.5 (C-3), 143.9 (C-3a), 124.8
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(C4), 143.9 (C-5), 135.8 (C-6a), 180.5 (C-7), 130.6 (C-7a), 127.9 (C-8), 128.6
(C-9), 134.3 (C-10), 127.1 (C-11), 132.5 (C-11a), 106.1 (C-11b), 122.5 (C-11c¢),
103.3 (O-CH,-0).

N-trans-Feruloyltyramin (8): colourless oil; '"H NMR (500 MHz, CD;OD):
6.42 (1H, d, J = 15.5 Hz, H-2), 7.45 (1H, d, /= 15.5 Hz, H-3), 7.13 (1H, d, J =
1.5 Hz, H-5), 6.82 (1H, d, J = 8.0 Hz, H-8), 7.04 (1H, dd, J = 8.0, 2.0 Hz, H-9),
3.49 (2H,t,J=17.0 Hz, H-1"), 2.78 (2H, t,J = 7.0 Hz, H-2"), 7.08 (2H, d, /= 8.5
Hz, H-4’, H-8"), 6.74 (2H, d, J = 8.5 Hz, H-5", H-7"), 3.90 (3H, s, 6-OCHs); °C
NMR (125 MHz, CD;0D): 169.2 (C-1), 118.8 (C-2), 142.0 (C-3), 128.3 (C-4),
111.6 (C-5), 149.3 (C-6), 149.9 (C-7), 116.5 (C-8), 123.2 (C-9), 42.5 (C-1"),
35.8 (C-2%), 131.3 (C-3%), 130.7 (C-4"), 116.3 (C-5"), 156.9 (C-6"), 116.3 (C-7"),
130.7 (C-8’), 56.4 (OCH3-6).

Corydaldine (9): white powder; 'H NMR (500 MHz, CD;0D): 2.93 (2H, t, J
=17.0 Hz, H-4), 3.50 (2H, t, J = 7.0 Hz, H-3), 3.91 (3H, s, 6-OCH3), 3.87 (3H, s,
7-OCHs,), 6.89 (1H, s, H-5), 7.50 (1H, s, H-8); *C NMR (125 MHz, CD;0D):
28.6 (C-4), 41.1 (C-3), 56.5 (C-6, C-7), 111.4 (C-8), 114.4 (C-5), 122.0 (C-9),
135.1 (C-10), 149.5 (C-7), 154.2 (C-6), 169.0 (C-1).

8-Oxopseudopalmatine (10): Amorphous yellow powder; '"H NMR (500
MHz, CD;0D): 7.43 (1H, s, H-1), 6.93 (1H, s, H-4), 2.98 (2H, t, /= 6.0 Hz, H-
5),4.33 (2H, t, J= 6.0 Hz, H-6), 7.72 (1H, s, H-9), 7.20 (1H, s, H-12), 7.72 (1H,
s, H-12a), 7.19 (1H, s, H-13), 3.96 (3H, s, OCH;-2), 3.97 (3H, OCHj;-3), 3.92
(3H, s, OCH;-10), 4.00 (3H, s, OCH3-11); *C NMR (125 MHz, CD;0D): 109.7
(C-1), 150.0 (C-2), 152.0 (C-3), 112.1 (C-4), 138.0 (C-4a), 30.7 (C-5), 41.3 (C-
6), 163.5 (C-8), 119.0 (C-8a), 108.2 (C-9), 151.0 (C-10), 155.5 (C-11), 107.7
(C-12), 108.2 (C-12a), 103.5 (C-13), 129.5 (C-13a), 123.0 (C-13b), 56.9
(OCH3;-2), 56.5 (OCHj3-3), 56.6 (OCH;-10), 56.6 (OCH;-11).

3-Hydroxy-7,8-dehydro-g-ionone (11): reddish-brown oil; 'H-NM (500 MHz,
CD;OD): 1.16 (3H, s), 1.21 (3H, s), 1.44 (1H, t, J = 12.0 Hz), 1.85 (1H, m), 2.00
(3H, s), 2.10 (1H, m), 2.40 (3H, s), 2.48 (1H, ddd, J = 1.5, 5.5, 17.0 Hz), 3.94
(1H, m); °C NMR (125 MHz, CD;0D): 22.9, 28.9, 30.6, 32.8, 37.2, 42.3, 47.0,
64.7,91.4,94.7, 123.2, 148.8, 186.3.

Pseudopalmatine (12): amorphous yellow powder; 'H NMR (500 MHz,
DMSO-dg): 7.68 (1H, s, H-1), 7.09 (1H, s, H-4), 3.24 (2H, t, J = 6.0 Hz, H-5),
4.80 (2H, t, J = 6.0 Hz, H-6), 9.49 (1H, s, H-8), 7.70 (1H, s, H-9), 7.63 (1H, s,
H-12), 8.79 (1H, s, H-13), 3.95 (3H, s, OCH3-2), 3.87 (3H, s, OCHj3-3), 4.02
(3H, s, OCH;-10), 4.09 (3H, s, OCHs-11); C NMR (125 MHz, DMSO-dq):
109.1 (C-1), 148.8 (C-2), 151.7 (C-3), 111.5 (C-4), 128.5 (C-4a), 25.9 (C-5),
54.5 (C-6), 145.2 (C-8), 121.9 (C-8a), 106.5 (C-9), 152.2 (C-10), 157.5 (C-11),
105.1 (C-12), 136.5 (C-12a), 117.7 (C-13), 138.2 (C-13a), 118.8 (C-13b), 56.1
(OCH;-10 and OCHj3-2), 56.1 (OCH;-3), 56.4 (OCH;-11).

Pseudocolumbamine (13): amorphous yellow powder; 'H NMR (500 MHz,
CD;0D): 7.56 (1H, s, H-1), 7.03 (1H, s, H-4), 3.26 (2H, t, J = 6.5 Hz, H-5),
4.83 (2H, H-6), 9.32 (1H, s, H-8), 7.62 (1H, s, H-9), 7.61 (1H, H-12), 8.50 (1H,
s, H-13), 3.99 (3H, s, OCH;-3), 4.08 (3H, s, OCH;-10), 4.15 (3H, s, OCH;-11);
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BC NMR (125 MHz, CD;0D): 113.2 (C-1), 148.2 (C-2), 152.5 (C-3), 112.1 (C-
4), 128.6 (C-4a), 27.9 (C-5), 56.7 (C-6), 146.1 (C-8), 124.1 (C-8a), 107.2 (C-9),
154.6 (C-10), 160.0 (C-11), 106.3 (C-12), 139.0 (C-12a), 119.1 (C-13), 140.7
(C-13a), 120.8 (C-13b), 56.6 (OCH;-3), 57.0 (OCH;-10), 57.5 (OCH;-11).

Stigmasterol (14): white powder; '"H NMR (500 MHz, CDCl;): 5.35 (1H,
brd, J = 4.5 Hz, H-6), 5.15 (dd, J = 15.5, 3.5 Hz, H-22), 5.03 (1H, dd, J = 15.5;
9.0 Hz, H-23), 3.52 (m, H-3), 0.70 (1H, s, H3-18), 1.01 (1H, s, H3-19), 0.82 (3H,
d, J=17.0 Hz, H3-27), 0.85 (3H, d, J = 7.0 Hz, H5-26), 0.93 (3H, d, /= 6.5 Hz,
H5-21) 0.85 (3H, t, J = 7.5 Hz, H;-29).

12R = CH;
13R=H

Figure 13. Structures of the compounds 7-14 isolated from Alphonsea tonkinensis.
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6.1.2.2. Anti-inflammatory activity (1)

Anti-inflammatory activity of all isolates was evaluated based on the NO pro-
duction inhibitory effects by using a Griess assay. To determine ICs, values, the
dose-dependent response of compounds 7-14 was carried out. As shown in
Table 6, compound 11 exhibited the potent NO production inhibitory activity
against LPS stimulated RAW 264.7 cells, with an ICsy value of 20.4 uM.
Significantly, its ICsy value was markedly less than that of positive control L-
NMMA. On the other hand, the remaining compounds did not display any
effect on inhibition of NO-production activity. To our best knowledge, this is
the first report of compound 11 inhibiting the NO production. In addition, this
promising result suggested that the compound 11 could be used for further
investigations.

6.1.2.3. Cytotoxic activity (I1)

Lung carcinoma is the leading cause and hepatocellular carcinoma is the third
most cause of cancer deaths worldwide (Forner et al., 2012; Pratap et al., 2018).
In the current work, we studied the cytotoxicity activity of phytochemicals
against these cancers. It should be emphasized, however, that this is a pre-
liminary study, and further long-term studies will be needed to reveal a true
therapeutic potential of these compounds. For this purpose, the obtained com-
pounds 8-14 were tested for their cytotoxic activity towards HepG2 cell line
and the SK-LU-1 cell line. The amount of compound 7 was no longer sufficient
for testing activity. The result indicated that compound 8, 9, 12, 13, 14 did not
exhibit any inhibitions against the tested cell lines. While compound 10 and 11
possessed an inhibitory effect against the two tested cancer cell lines, with ICs,
values ranging from 54.4 and 69.6 uM, as shown in Table 6. Notably, com-
pound 10 was isolated from Stephanla suberosa for the first time in 1985 (Patra
et al., 1987). Yet, this compound has not been reported the cytotoxic activity
against HepG2 and SK-LU-1. Interestingly, a comparison of the cytotoxicity of
compound 10 and that of compound 12 and 13 obviously revealed that the
presence of carbonyl functional group (in 10) may support a significant effect
on cytotoxic activity. To the best of our knowledge, cytotoxic activity of com-
pound 10 and 11 has not been reported yet.
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Table 6. Inhibition of NO-production and cytotoxic activity of the compounds 7-14

1Cso (uM) = SD
Compound Ig?ill\)]ig?n Cytotoxicity
production HepG2 | SK-LU-1
activity

Liriodenine (7) >100 N.T N.T
N-trans-Feruloyltyramin (8) >100 >100 >100
Corydaldine (9) >100 >100 >100
8-Oxopseudopalmatine (10) >100 56.6+1.5" | 69.6+1.3"
3-Hydroxy-7,8-dehydro-p-ionone (11) 204+04" | 562+05 | 54.0+0.8"
Pseudopalmatine (12) >100 >100 >100
Pseudocolumbamine (13) >100 >100 >100
Stigmasterol (14) >100 >100 >100
L-NMMA 25.0+0.8
Ellipticine 1.5+£0.1 1.5+£0.1

ICsp: The half-maximal inhibitory concentration; HepG2: human hepatocellular carci-
noma cell lines; and SK-LU-1: human lung carcinoma cell lines. N.T: the compounds
were not tested. L-NMMA was used as a positive control for inhibition of NO-pro-
duction activity; and ellipticine was used as a positive control for cytotoxicity evalua-
tion. Values represent mean = SD of three parallel measurements. *p< 0.05 indicates
significant differences when compared to a positive control.

6.1.2.4. Acetylcholinesterase inhibitory activity (l11)

The extracts and compounds isolated from A. fonkinensis were evaluated for
AChE inhibitory activity using an Ellman’s colorimetric method, with galantha-
mine as a positive control. The results are summarized in Table 7. Regarding
with the extracts, the MeOH portion (the sub-fraction of an alkaloid extract)
showed the most potent AChE inhibitory effects, followed by the total MeOH
extract, CH,Cl, extract, aqueous phase (pH 9) and aqueous phase, with
corresponding ICs, inhibition values for 14.6, 22.7, 32.8, 84.4 and 90.2 pg/mL,
respectively. In relation to compounds, pseudopalmatine and pseudo-
columbamine exhibited potent AChE inhibition with ICs, values of 8.6 uM and
18.9 uM, respectively.
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Table 7. The anti-acetylcholinesterase (AChE) activity of extracts and compounds from
the Alphonsea tonkinensis.

Sample 1Cs0 (ng/mL) ICso (LM)
MeOH extract 22.7+£0.6
EA extract >100
Aqueous phase pH 9 84.4+0.7
CH,Cl, extract 329+0.3
n-Hexane portion >100
EC extract >100
MeOH portion 14.6 +0.3
Aqueous phase 902+ 1.5
Pseudopalmatine (12) 3.0+£0.0 8.6+0.1
Pseudocolumbamine (13) 6.4=+0.1 189+0.3
N-trans-Feruloyltyramine (8) >100
Corydaldine (9) >100
3-Hydroxy-7,8-dehydro-f-ionone (11) >100
Stigmasterol (14) >100
Liriodenine (7) N.T
8-Oxopseudopalmatine (10) N.T
Galanthamine 0.3+0.0 1.0£0.1

N.T: the compounds were not tested. Galanthamine was used as a positive control for
the anti-AChE activity. Values represent mean + SD of three paralle]l measurements.

Le et al. reported that there were 10% of samples of the methanolic extracts
from 30 medicinal plants in Viet Nam showing anti-AChE effect with an ICsg
value less than 50 pg/mL (Le et al., 2018). Similar findings (i.e., the same
proportion of plants investigated in India) were indicated in the study of Maya
Mathew and Sarada Subramanian (Mathew & Subramanian, 2014). In our study,
the total dry MeOH extract revealing a strong anti-AChE activity, with an 1Csg
value of 22.7 ug/mL, was a promising source for further investigation.

It is generally known that alkaloids have become the most successful drug
candidates for AD drug development due to their nitrogen-containing structures
(Konrath et al., 2013; Orhan & Senol, 2013). Interestingly, TLC analysis in our
study displayed that total dry MeOH extract of A. fonkinensis contained a
Dragendorff’s reagent-positive substances. A conventional alkaloid extrac-
tion method was applied. As expected, we obtained six alkaloids. Furthermore,
two alkaloid compounds pseudocolumbamine and pseudopalmatine along with
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the MeOH portion (the sub-fraction of an alkaloid extract, containing these two
isolates) and total dry MeOH extract showed the potent anti-AChE effect. They
are potential candidates in drug discovery for AD.

6.1.2.5. Antioxidant activity (Ill)

The extracts and compounds isolated from A. fonkinensis along with quercetin,
as a positive control, were assessed antioxidant capacity by using a DPPH
assay. An ICsy value was calculated to specify the concentration providing 50%
inhibition of radicals. As shown in Table 8, the dry aqueous phase (pH 9)
extract exhibited the best antioxidant efficiency, with an 1Cs, value of 24.5 pg/mL
and the next was that of the dry MeOH portion extract with an 1Cso value of
72.1 pg/mL. Among of pure compounds, N-trans-feruloyltyramine possessed a
significant antioxidant activity with an ICsy value of 61.3 uM.

Table 8. The antioxidant activity of extracts and compounds of Alphonsea tonkinensis.

Sample ICs0 (ng/mL) ICso (LM)
MeOH extract >200

EA extract >200

Aqueous phase pH 9 245+1.0

CH,Cl, extract >200

n-Hexane portion >200

EC extract >200

MeOH portion 72.1+0.7

Aqueous phase >200
N-trans-Feruloyltyramin (8) 192+ 1.0 61.3+32
Corydaldine (9) >100
3-Hydroxy-7,8-dehydro-f-ionone (11) >100
Pseudopalmatine (12) >100
Pseudocolumbamine (13) >100
Stigmasterol (14) >100
Liriodenine (7) N.T
8-Oxopseudopalmatine (10) N.T
Quercetin 6.5+0.1 214+0.3

N.T: the compounds were not tested
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It is well known that DPPH is the preferred method for evaluating antioxidant
capacity in vitro, because this assay is rapid, accurate, valid, economic, simple
and requires a UV-vis spectrophotometer to perform (de Torre et al., 2019). In
the present study, the findings suggest that antioxidant active constituents are
most likely polar. This is confirmed that the dry aqueous phase (pH 9) extract
and the dry MeOH portion extract had significant DPPH radical scavenging
activity. In addition, N-trans-feruloyltyramine showed considerable antioxidant
capacity in vitro. The result is also in a good agreement with previous data
reported by Wen Jie Li (Li et al., 2012).

6.1.3. Zephyranthes ajax (1V)

6.1.3.1. Chemical structure elucidation (IV)

After using an extraction and chromatographic technique for the powdered
bulbs of Z. ajax, a new flavanol derivative: (2R,3R)-3-acetoxy-7-hydroxy-3’,4'-
methylenedioxyflavan (15), and seven known compounds: 7-hydroxyflavan
(16) (Moodley, 2004), 7,4’-dihydroxyflavan (17) (Meksuriyen & Cordell,
1988), 7,4'-dihydroxy-8-methylflavan (18) (Toset et al., 2001), 7,3’-dihydroxy-
4’-methoxyflavan (19) (Sun et al., 2016), 5,4’-dihydroxy-7-methoxy-6-methyl-
flavan (20) (Zheng et al., 2004), 7-hydroxy-3",4’-methylenedioxyflavanone (21)
(Ali et al., 2017) and haemanthamine (22) (Bastida et al., 1987; Bohno et al.,
2007) were obtained (Figure 14). To the best of our knowledge, compound 16,
17, 18, 20 and 21 were isolated from the genus Zephyranthes for the first time.
'H NMR and "“C NMR data of these compounds are listed below.

7-Hydroxyflavan (16): pale yellow powder; 'H NMR (500 MHz, CD;OD):
5.01 (1H, dd, J = 10.0, 2.5 Hz, H-2), 1.99 (1H, m, H-3a), 2.17 (1H, m, H-3b),
2.66 (1H, dt, J=16.0, 4.5 Hz, H-4a), 2.87 (1H, m, H-4b), 6.88 (1H, d, J = 8.5
Hz, H-5), 6.35 (1H, dd, J = 8.5, 2.5 Hz, H-6), 6.31 (1H, d, J = 2.5 Hz, H-8),
7.41 (2H, dd, J = 7.5, 1.5 Hz, H-2" and H-6"), 7.37 (2H, t, J = 7.5 Hz, H-3" and
H-5), 7.30 (1H, tt, J = 7.5, 1.5 Hz, H-4’); °C NMR (125 MHz, CD;0D): 79.0
(C-2), 31.5 (C-3), 25.2 (C-4), 131.0 (C-5), 109.2 (C-6), 157.6 (C-7), 104.1 (C-
8), 157.0 (C-9), 114.3 (C-10), 143.4 (C-1"), 127.0 (C-2’ and C-6"), 129.4 (C-3’
and C-5'), 128.6 (C-4").

7,4 -Dihydroxyflavan (17): pale yellow powder;'H NMR (500 MHz,
CD;0D): 4.92 (1H, dd, J=10.0, 1.5 Hz, H-2), 1.99 (1H, m, H-3a), 2.13 (1H, m,
H-3b), 2.68 (1H, dt, J = 16.0, 5.0 Hz, H-4a), 2.85 (1H, m, H-4b), 6.88 (1H, d,
J=28.5Hz, H-5), 6.33 (1H, dd, J = 8.5, 2.5 Hz, H-6), 6.27 (1H, d, /= 2.5 Hz, H-
8), 7.24 (1H, d, J = 8.5 Hz, H-2" and H-6"), 6.80 (1H, d, J= 8.5 Hz, H-3’ and H-
5.

7,4'-Dihydroxy-8-methylflavan (18): white powder; '"H NMR (500 MHz,
CD;0D): 4.95 (1H, dd, J=10.0, 2.0 Hz, H-2), 1.95 (1H, m, H-3a), 2.15 (1H, m,
H-3b), 2.68 (1H, m, H-4a), 2.88 (1H, m, H-4b), 6.71 (1H, d, J = 8.0 Hz, H-5),
6.34 (1H, d, J = 8.0 Hz, H-6), 7.27 (1H, d, J= 9.0 Hz, H-2" and H-6"), 6.80 (1H,
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d, J = 9.0 Hz, H-3’ and H-5"), 2.05 (3H, s, -CHs); "C NMR (125 MHz,
CD;0D): 78.7 (C-2), 31.4 (C-3), 25.8 (C-4), 127.3 (C-5), 108.3 (C-6), 155.1 (C-
7), 112.7 (C-8), 155.0 (C-9), 114.1 (C-10), 134.8 (C-1"), 128.2 (C-2" and C-6¢),
116.1 (C-3" and C-5"), 157.9 (C-4’), 8.5 (-CH3).

7,3’-Dihydroxy-4’-methoxyflavan (19): ivory-yellow powder; 'H NMR (500
MHz, CD;0D): 4.91 (1H, dd, J = 10.0, 2.5 Hz, H-2), 1.97 (1H, m, H-3a), 2.14
(1H, m, H-3b), 2.67 (1H, dt, J = 15.5, 4.5 Hz, H-4a), 2.86 (1H, m, H-4b), 6.88
(1H, overlapped, H-5), 6.33 (1H, dd, J = 8.0, 2.5 Hz, H-6), 6.28 (1H, d, J=2.5
Hz, H-8), 6.89 (1H, d, J = 2.0 Hz, H-2'), 6.92 (1H, d, J = 8.5 Hz, H-5"), 6.86
(1H, dd, J = 8.5, 2.0 Hz, H-6"), 3.87 (3H, s, -OCH3); °C NMR (125 MHz,
CD;0D): 78.8 (C-2), 31.3 (C-3), 25.3 (C-4), 130.9 (C-5), 109.1 (C-6), 157.6 (C-
7), 104.1 (C-8), 157.1 (C-9), 114.3 (C-10), 136.4 (C-1"), 112.6 (C-2"), 147.6 (C-
3), 148.6 (C-4'), 114.2 (C-5’), 118.5 (C-6"), 56.5 (-OCH;),; HRESIMS m/z
295.0941 [M + Na]" (calcd for C1gH; c04Na, 295.0946).

5,4’-Dihydroxy-7-methoxy-6-methylflavan (20): white powder; 'H NMR
(500 MHz, CD;0D): 4.84 (1H, overlapped, H-2), 1.88 (1H, m, H-3a), 2.15 (1H,
m, H-3b), 2.61 (1H, m, H-4a), 2.69 (1H, m, H-4b), 6.06 (1H, s, H-8), 7.26 (1H,
d, J= 8.5 Hz, H-2" and H-6"), 6.80 (1H, d, J = 8.5 Hz, H-3" and H-5"), 3.75 (3H,
s, -OCH3), 1.99 (3H, s, -CH;); *C NMR (125 MHz, CD;0D): 78.5 (C-2), 30.7
(C-3), 20.5 (C-4), 155.0 (C-5), 105.0 (C-6), 157.1 (C-7), 92.1 (C-8), 155.5 (C-
9), 103.3 (C-10), 134.7 (C-1"), 128.2 (C-2’ and C-6"), 116.1 (C-3" and C-5"),
157.9 (C-4’), 55.7 (-OCH3), 8.0 (-CH3).

7-hydroxy-3’,4’-methylenedioxyflavanone (21): pale yellow powder; 'H
NMR (500 MHz, CD;0D): 5.43 (1H, dd, J=13.0, 3.0 Hz, H-2), 2.74 (1H, dd, J
=17.0, 3.0 Hz, H-3a), 3.04 (1H, dd, J=17.0, 13.0 Hz, H-3b), 7.75 (1H, d, J =
9.0 Hz, H-5), 6.52 (1H, dd, J = 9.0, 2.5 Hz, H-6), 6.39 (1H, d, J = 2.5 Hz, H-8),
7.05 (1H, d, J = 1.5 Hz, H-2"), 6.86 (1H, d, J = 8.0 Hz, H-5"), 6.98 (1H, dd, J =
8.0, 1.5 Hz, H-6"), 5.99 (2H, s, -OCH,0-); C NMR (125 MHz, CD;0D): 80.9
(C-2), 45.1 (C-3), 193.1 (C-4), 129.8 (C-5), 111.9 (C-6), 167.1 (C-7), 103.9 (C-
8), 165.4 (C-9), 114.9 (C-10), 134.5 (C-1"), 107.9 (C-2"), 149.4 (C-3"), 149.4
(C-4"), 109.1 (C-5'), 121.2 (C-6"), 102.6 (-OCH,0-); HRESIMS m/z 283.0606
[M — HJ (calcd for C¢H;10s, 283.0606).

Haemanthamine (22): colorless crystal; 'H NMR (500 MHz, CDCLy): 6.41
(1H, d, J=10.5 Hz, H-1), 6.35 (1H, dd, /= 10.5, 5.0 Hz, H-2), 3.86 (1H, m, H-
3), 2.11 (1H, ddd, J = 13.5, 13.5, 4.0 Hz, H-4), 2.01 (1H, dd, J = 13.5, 4.5 Hz,
H-4), 432 (1H, d, J = 16.5 Hz, H-6); 3.68 (1H, d, J = 16.5 Hz, H-6), 6.47 (1H,
s, H-7), 6.82 (1H, s, H-10), 3.97 (1H, brd, J = 4.0 Hz, H-11), 3.35 (1H, dd, J =
13.5, 6.5 Hz, H-12), 3.22 (1H, dd, J = 13.5, 3.5 Hz, H-12), 5.88 (1H, d, /= 4.5
Hz, -OCH,0-), 3.35 (1H, s, -OCH;); *C NMR (125 MHz, CDCl;): 127.4 (C-1),
126.9 (C-2), 72.8 (C-3), 28.3 (C-4), 62.7 (C-5), 63.6 (C-6), 132.0 (C-6a), 106.9
(C-7), 146.2 (C-8), 146.5 (C-9), 103.3 (C-10), 135.4 (C-10a), 50.1 (C-10b), 80.2
(C-11), 61.4 (C-12), 100.8 (-OCH,0-), 56.7 (-OCHj).
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Figure 14. Structures of 15-22 isolated from Zephyranthes ajax.

Compound 15 was isolated as a colourless powder. The HRESIMS showed a
sodiated molecular ion peak at m/z 329.1021 [M + H]", corresponding to the
molecular formula C;sH;606, implying eleven degrees of unsaturation. The
characteristic signals corresponding to two sets of ABX patterns at oy 6.90 (d,
J=18.5 Hz, H-5), 6.40 (dd, J = 8.5, 2.5 Hz, H-6), 6.37 (d, J = 2.5 Hz, H-8) and
oy 6.98 (d, J = 1.0 Hz, H-2"), 6.82 (d, J = 8.0 Hz, H-5"), 6.95 (dd, J = 8.0,
1.0 Hz, H-6"), belonging to two 1,3,4-trisubstituted benzene rings were observed
in the '"H NMR spectrum of 15. Furthermore, the '"H NMR spectrum of 15
showed the signals of a dioxygenated methylene group at dy 5.97 (s), two
oxygenated methine groups at oy 5.11 (s, H-2), 5.37 (m, H-3) and an acetoxy
group at oy 1.89 (s). The anisotropic effect of two aromatic rings causes the
acetoxy methyl protons to resonate at higher field. This result is in accordance
with previous studies on 3-acetoxyflavanol derivatives (Li et al., 2007; Meng et
al., 2010). The *C NMR, DEPT and HSQC spectra of 15 indicated the presence
of 18 signals including a carbonyl carbon (6¢ 171.9), twelve aromatic carbons
(0c 158.0, 156.2, 149.0, 148.7, 133.7, 131.3, 121.0, 110.8, 110.0, 108.8, 108.1,
104.0), a dioxygenated methylene carbon (d¢ 102.4), two oxygenated methine
carbons (Oc 78.4, 70.2), a methylene carbon (8¢ 31.1) and a methyl carbon (8¢
20.8) (Table 9). Based on this evidence, compound 15 was deduced to be a
flavanol derivative. The planar structure of 15 was determined by detailed
HMBC analysis (Figure 15). Notably, the HMBC correlations of H-3 (6y 5.37)
to carbonyl carbon (3¢ 171.9) established the connection from acetoxy group to
C-3. This was confirmed by the strong downfield shifts of C-3 (d¢ 70.2), H-3
(®u 5.37) compared to those of (2R,3R)-3,7-dihydroxy-3,4-methylenedio-
xyflavan (8¢ 67.1, 6y 4.21) (Jitsuno et al., 2009). The CD spectrum of 15
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revealed the presence of a negative Cotton effect at A 288 nm ('L, band) which
correspond to P-helicity of heterocyclic C ring. Thus, the absolute configuration
of C-2 was established as R form (Slade et al., 2005). In additional, the cis
relationship between H-2 and H-3 was deduced from analysis of the small
vicinal coupling constant values (Jyom.3 = 0 Hz, Jysna. = 2.0 Hz, Jyama =
4.0 Hz) (Vdovin et al., 1997). Thus, compound 15 was assigned as (2R,3R)-3-
acetoxy-7-hydroxy-3’,4’-methylenedioxyflavan.

Table 9. 'H (500 MHz) and *C (125 MHz) NMR data of 15 in methanol-d, [ (ppm), J
(H2)].

Position oc oy
2 784 | 5.11s
3 702 | 537m
4 31.1 | 2.81dd (17.0, 2.0) (H-
4a)
3.25dd (17.0, 4.0) (H-
4b)
5 131.3 | 6.90d (8.5)
6 110.0 | 6.40 dd (8.5, 2.5)
7 158.0 | —
8 104.0 | 6.37d (2.5)
9 156.2 | —
10 110.8 | —
1 133.7 | -
2’ 108.1 | 6.98d (1.0)
3 149.0 | —
4 148.7 | —
5 108.8 | 6.82d (8.0)
6 121.0 | 6.95dd (8.0, 1.0)
-OAc 171.9 | —
20.8 | 1.89s
-OCH,0O- | 102.4 | 597 s

Assignments were done by HSQC, HMBC experiments.
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Figure 15. Key HMBC (‘H—"C, arrows) correlations of 15.

6.1.3.2. Cytotoxic activity (IV)

As mentioned above, lung carcinoma and hepatocellular carcinoma are two of
the most common causes of cancer deaths worldwide (Forner et al., 2012;
Pratap et al., 2018). Thus, all isolates from Z. ajax were initially tested against
the HepG2 cell line and the SK-LU-1 cell line for the first screening of cyto-
toxic activity. The result was indicated in Table 10. Compounds 15-21 did not
reveal any in vitro activity toward the tested cell lines. In contrast, compound
22 showed potent cytotoxicity against the HepG2 and SK-LU-1 cell lines,
with ICso values of 9.7 and 5.4 uM, respectively. Interestingly, to our best
knowledge, this is the first study ever reporting the cytotoxic activity against
the SK-LU-1 cancer cell line of 22. These results encouraged us to further
examine cytotoxicity of 22 against the KB cell line, the SW480 cell line and the
AGS cell line. As anticipated, this compound exhibited a strong inhibition
towards the KB, SW480 and AGS cell lines, with ICs, values of 11.3, 4.4 and
6.5 uM, respectively. The obtained results agreed well with the previous
studies (Nair et al., 2012; Havelek et al., 2017).
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Havelek et al. reported that compound 22 (haemanthamine — HAE) is a pro-
mising anticancer agent because it can not only induce apoptosis accelerating
the caspases activation but also stimulate DNA damage checkpoint kinase Chk1
and the p16™** cyclin-dependent kinase inhibitor (Havelek et al., 2014). In
addition, it is able to produce a sandwich-like structure between the two 25S
rRNA residues (U2875 and C2821). As a result, HAE treatment leads to
restraint of ribosome biogenesis, activation of nucleolar stress response and
stabilization of p53 in cancer cells, thus killing of cancer cells (Pellegrino et al.,
2018).

Greatly, basing on extraction, chromatographic methods and crystallization
techniques, we found out and obtained a rather large amount of HAE. This
compound has been proven to have a potent cytotoxic activity, but poorly-
water solubility. Hence, HAE was selected to develop novel HAE-loaded
amphiphilic NFs to overcome these formulation challenges (Nguyen et al.,
2019).

6.2. Nanoformulation of electrospun amphiphilic
nanofibers and self-assembled liposomes for the delivery
of plant-origin haemanthamine

6.2.1. Size, shape and morphology of amphiphilic nanofibers (V)

The plant-origin active ingredient (HAE) used in the present nanoformulations
was isolated from Z. agjax. The representative SEM images of HAE powder
particles and the individual amphiphilic NFs of HAE as a solid nanofibrous
template for self-assembled liposomes are displayed in Figure 16. HAE in a pre-
milled powder form consisted of large irregular particles with a particle size
ranging from some tenths of micrometers to several hundred micrometers
(Figure 16A). Visually, the performance of an ES process and the formation of
NFs were not weakened by the combination of HAE and soybean PC with the
ES carrier polymer PVP. The NFs generated from the ES solutions of HAE,
soybean PC and PVP exhibited a smooth surface and uniform fiber diameter
with no evidence of beads as defects (Figure 16B,C). The external pore size of
the present amphiphilic nanofibrous templates ranged from a few micrometers
to ten micrometers. The nanofibrous solid templates revealed the topography
with a non-woven and loosely packed platform.

The present results agree well with those reported in the literature (Yu et al.,
2011). Yu et al. (2011) proposed in their pioneer work that ES is a feasible
method for generating amphiphilic NFs intended for the solid templates for self-
assembled liposomes (Yu et al., 2011). They did not incorporate, however, any
active ingredient(s) in the NFs. In our study, we applied the same ratio of PC
and PVP (1:2 w/w) for HAE-loaded NFs as Yu and co-workers in their bulk
NFs. The mean fiber diameter of electrospun amphiphilic NFs loaded with HAE
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was 392 £ 66 nm (n = 100), and the fiber size ranged from 197 nm to 534 nm
with the individual NFs (Figure 16). Yu et al. (2011) reported that the average
fiber diameter of the corresponding amphiphilic bulk NFs (without any active
ingredient) ranged from 580 nm to 1250 nm. Notably, this study indicated that
the average diameter of NFs fabricated from pure PVP (910 + 110 nm) reduced
significantly owing to the increasing PC content up to 33.3%. The amphiphilic
NFs had the lowest diameter (580 + 90 nm) with 33.3% w/w of PC, for the
reason that there was a reverse increase in the average diameter of NFs (1010 +
110 nm) as the PC content was increased to 50% (w/w). It is evident that the
presence of PC (a zwitterionic surfactant) alters the surface tension and
viscosity of the PVP solution, thus modifying the morphology and diameter of
the NFs (Yu et al., 2011). Taking advantage of the technical pioneer formu-
lation of Yu and co-workers, we succeeded to fabricate corresponding amphi-
philic NFs and self-assembled liposomes for plant-origin HAE isolated from Z.
ajax.

Figure 16. The scanning electron microscopy (SEM) images of an isolated and milled
haemanthamine (HAE) powder (A) and the amphiphilic electrospun nanofibers (NFs)
(B,C) used as a solid template for the self-assembled liposomes. Scale bar 200 pm (A)
and 2.0 um (B,C).
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PVP is an established pharmaceutical excipient which is soluble both in water
and ethanol, and thus it is a good carrier polymer in a solvent-based ES and for
fabricating polymeric NFs. A homogeneous PVP solution for ES was prepared
effortlessly using ethanol as solvent. When adding to PVP solutions, PC induces
evidently electrostatic hydrophobic interactions with PVP (Yu et al., 2011)
which modify the conformation of a PVP chain and PVP-PVP molecular inter-
actions. As a result, these molecular-level interactions lead to decrease in
entanglements and viscosity (Yu et al., 2011; Kogermann et al., 2013; Shi et al.,
2014).

Compared to Yu and coworkers’ research work (Yu et al., 2011), our study
comprises some significant differences such as active ingredient (HAE vs none),
organic solvent, the grade of PVP (in our study K90), polymer concentration
and air humidity. These variables may be the major reasons that the diameter of
amphiphilic NFs in our study was much smaller than that of the bulk NFs intro-
duced by Yu and coworkers (Figure 16). According to the literature, the
changes in the above mentioned factors most likely affect (decrease) the
viscosity of the ES solution and modify solvent evaporation, thus contributing
to a decrease in a fiber diameter (Z. Li & Wang, 2013; Hu et al., 2014).

6.2.2. Formation of self-assembled liposomes (V)

After exposing an amphiphilic nanofibrous template to the drop of purified
water, optical micrographs were taken at regular intervals to monitor the forma-
tion of the self-assembled liposomes in water. As seen in Figure 17, the lipo-
somes were spontaneously formed (self-assembled) in water within a few
seconds, thus verifying the appropriate performance of the present delivery
system. While PVP dissolves in water, the soybean PC releases from the amphi-
philic nanofibrous PVP matrix (solid template) in contact with water, and this
results in the instant formation of the individual or co-aggregated vesicles. Yu et
al. (2011) reported that PC molecules tend to co-aggregate in water after they
were released from the PVP nanofibrous matrix, and the location of original
NFs in the matrix template influences the formation of liposomes. These are
also in line with our current findings. In addition, our results suggest that the
present molecular self-assembly strategy is applicable in the nanoformulation of
a plant-origin alkaloid (HAE).
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Figure 17. The optical microscopy images (A—C) and the PCS size and size distribution
(D) of the self-assembled liposomes in purified water. The liposomes consisting of
soybean PC and haemanthamine (HAE) are spontaneously dispersed from the electrospun
amphiphilic nanofibrous template. Due to the limited magnification (50%) of an optical
microscope, only the liposomes composed of large vesicles can be seen. Some selected
clusters of liposomes are indicated by white arrows. Scale bar 20 um with 20x (A), and
40x (B,C).

6.2.3. Particle size of self-assembled liposomes (V)

PCS was conducted to verify the molecular self-assembly process by analyzing
the size and size distribution of the soybean PC and HAE containing liposomes.
Due to their nanoscale size, optical microscopy was not possible to be applied
for determining the vesicle size. As shown in Figure 17D, the liposomes were
spherical in shape and presented a bi-modal size distribution with two distinct
peaks at 63 = 70 nm (10.3%) and 401 £ 64 nm (89.7%). The polydispersity
index (PDI) was 0.474. This reveals that in-situ formation of liposomes
occurred as expected. Yu and coworkers (2011) reported that the average
vesicle size and PDI for the self-assembled liposomes ranged from 64 nm to
369 nm and from 0.182 to 0.299, respectively (Yu et al., 2011). They investi-
gated the hydrodynamic diameter and size distribution of self-assembled lipo-
somes by static and dynamic light scattering. The formation of active HAE-
loaded self-assembled liposomes from the nanofiber-based solid templates is in
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line with the results reported by Yu et al. (2011) on the corresponding non-
active containing bulk liposomes.

6.2.4. Physical solid-state properties (V)

XRPD, FTIR spectroscopy and DSC were used to verify potential process-
induced solid-state transformations and molecular interactions of HAE and
carrier polymer in the ES of amphiphilic NFs. The XRPD pattern of HAE (as a
pure material) presented numerous distinct crystalline reflections (Figure 18A).
The characteristic XRPD peaks of HAE were shown at 12.2, 12.6, 13.8, 16.1,
17.6, 19.6, 20.2, 21.1, 22.6, 23.8 and 27.8°26. No reflection characteristics to
crystalline nature, however, were revealed on the XRPD pattern for the HAE-
loaded electrospun NFs. As shown in Figure 18A, two broad amorphous halos
can be seen in the XRPD pattern of the amphiphilic NFs (most likely
contributed by PVP), thus suggesting an amorphous solid-state structure of the
present NFs. The solid-state transformation of HAE could be attributed to the
enhanced rate of a solvent evaporation during the ES process that could prevent
any recrystallization of the API (Laidmie et al., 2021). It is also well known
that the dissolution of a high-energetic amorphous form in water is better
(improved) than that of a highly-ordered crystalline form of a corresponding
compound. In our study, however, the small concentration of HAE in the NFs
(approximately 4.5% w/w) made the final interpretation of the present XRPD
results on the solid state of HAE in the NFs challenging. According to Yu et al.
(2011), the electrospun amphiphilic bulk NFs of soybean PC and PVP were
amorphous, but they also found that increasing the amount of PC in these NFs
lead to the phase separation of PC from the PVP matrix template. Our results
are in line with the findings reported by Yu et al. (2011), and support the
molecular self-assemble strategy selected for the present nanoformulation of
HAE (Yu et al., 2011; Nguyen et al., 2019).
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Figure 18. The XRPD patterns (A), FTIR spectra (B) and DSC thermographs (C) of
haemanthamine (HAE) (as a powder form) and HAE-loaded amphiphilic electrospun
NFs.

The FTIR spectra of electrospun amphiphilic NFs loaded with HAE and pure
materials (HAE, PC, PVP in a powder form) are presented in Figure 18B. The
distinct peaks in the region of C—H aromatic and aliphatic vibrations ranging
from 3051 to 2810 cm ' were detected in the FTIR spectrum of HAE
(Figure 18B). The peaks of the N-H, C—N and C-O groups of HAE were
shown at 1475, 1225 and 1053 cm . The FTIR spectrum of soybean PC
shows four bands with corresponding distinct peaks at 2945, 2916, 2847 and
1450 cm . This finding is also in a good agreement with Yu et al. (2011),
suggesting the presence of antisymmetric CHj stretching, antisymmetric CH,,
symmetric CH, and CH, scissoring, respectively. The characteristic band
with a single peak at 961 cm™' corresponds to the N* (CHs); stretching
vibration (Figure 18B). The two distinct peaks at 1232 and 1056 cm ™' are in
the region of the antisymmetric and symmetric PO, stretching vibrations
(Tantipolphan et al., 2007). The FTIR spectrum for PVP shows distinct peaks
at 2900, 1643 and 1261 cm ', representing antisymmetric CH; stretching,
C=0 amide stretching and C-N stretching vibration, respectively (Figure
18B) (Nguyen et al., 2019). Compared to the spectra of pure materials, there
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were only small changes in the FTIR spectra of the HAE-loaded amphiphilic
NFs (Figure 18B). The FTIR spectrum for the HAE-loaded NFs exhibited the
weak absorbance bands characteristics to HAE and excipients (soybean PC,
PVP), thus suggesting the absence of molecular interaction between the three
materials used in a solvent-based ES. However, the distinction of the charac-
teristic peaks of the active agent was challengeable due to the low drug loading
in the NFs.

The DSC thermographs of HAE-loaded amphiphilic electrospun NFs and
pure materials as a powder form are presented in Figure 18C. As shown in the
DSC thermograms, a broad endotherm from 50 °C to 120 °C (due to de-
hydration) and multiple small endothermal events (peaks) ranging from 140
°C to 210 °C were observed for PVP K90 and soybean PC, respectively.
The presence of unsaturated bonds and the heat-induced movement of polar
moieties leading to a phase transition from a gel state to a liquid crystal state
were recorded by these multiple fluctuating endothermal peaks for PC
(Koynova & Caffrey, 1998; Maiti et al., 2007). A single sharp melting endo-
therm at 205.4 °C was displayed in the DSC thermogram of HAE. This is
also in agreement with the characteristic melting point of HAE (206 °C)
reported in the literature (Haemanthamine — Antineoplastic Agents, n.d.;
retrieved May 30, 2022, from https://pharmacycode.com/Haemanthamine.html).
In the DSC thermogram of HAE-loaded amphiphilic NFs, however, the
characteristic peak for the melting point of HAE was not observed after the
broad endothermal event of PVP ranging from 40 °C to 110 °C (Figure 18C).
Therefore, this finding suggests that HAE is most likely in an amorphous form
in the NFs. It is complicated, however, to fully validate the state of HAE in the
NFs, since HAE could be dissolved in the melt of the excipients due to PVP and
PC melting at lower temperatures. In addition, there are no signs of chemical
decomposition of HAE as well as significant interactions or incompatibilities
between HAE and excipients. However, more research work is needed on the
storage stability of the present nanoformulations.

6.2.5. In-vitro drug release (V)

The in-vitro dissolution of HAE as a powder form and loaded in the amphiphilic
electrospun NFs were investigated using an in-house dialysis method. HAE is
poorly soluble in water which limits the use of it as a therapeutic drug sub-
stance. As shown in Figure 19, approximately 50% of HAE (as a powder form)
was dissolved within the first 2 h and over 80% of HAE was dissolved within
the next 16 h (after 18 h the dissolution reached the plateau).

The theoretical amount of HAE in the solid NFs sample applied in the
dissolution test was 0.89 mg (respective to 100% in the dissolution study).
Figure 19 shows the three distinct phases in the release of HAE from the
amphiphilic electrospun NFs and self-assembled liposomes. Within the first 2-
hour phase, more than half of the content of HAE was released, and in the
subsequent 2-hour phase approximately 80% of HAE was released from the
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NFs. The initial burst release was, most likely, owing to the physical solid state
of HAE in the nanofibrous templates and the surface or near-surface distribution
of HAE in the NFs. In the last phase, the release of HAE was completed within
30 hours. A steady-state release pattern in the third phase could be attributed to
the drug release from the self-assembled liposomes. Our previous XRPD
findings indicated the presence of amorphous HAE in the electrospun NFs, thus
suggesting enhanced dissolution of HAE, and supporting the present amphi-
philic nanofiber-based strategy selected.

According to Yu et al. (2011), hydrophobic repulsion from the solvent is the
primary reason for the phenomen where the hydrated PC molecules are con-
centrated within the framework of the swelling NFs as the amphiphilic NFs are
exposed to water. As hydrated PC molecules form co-aggregates, the self-
assembled liposomes are generated with entrapping water within them. In the
final stage, the self-assembled liposomes are released in the dissolution medium
(Yu et al., 2011). Thus, it was of interest to compare the dissolution properties
of HAE and the present amphiphilic nanofibrous templates loaded with the
active agent. Accounting for this rationale, our dissolution study was investi-
gated (as shown in Figure 19). The in-vitro drug release of HAE from the
present amphiphilic NFs and liposomes exhibited the initial burst release, and
approximately 80% of HAE released within the first four hours. Yet, to reach an
understanding of the self-assembly of liposomes in the aqueous media and
actual release of the active agent from the formed liposomes, more research is
needed (Nguyen et al., 2019).
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Figure 19. The in vitro dissolution profiles of haemanthamine (HAE) (as a powder

form; a dotted red curve) and HAE-loaded amphiphilic electrospun NFs (a continuous
green curve) (n = 3).
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7. SUMMARY AND CONCLUSIONS

In summary, the present study provides new knowledge on phytochemical
constituents and bioactivity of C. paniculatus, A. tonkinensis and Z. ajax known
in traditional medicine of Vietnam. Special attention was paid on HAE which
was discovered and obtained from Z. ajax, and subsequently used as a plant-
origin API for formulating amphiphilic NFs and liposomes as a novel
nanotechnology-based DDSs. Following detailed conclusions can be drawn:

1. From the selected medicinal plants, total twenty two compounds were
isolated and characterized, including seven new compounds. Six of them
include six new chiro-inositol derivatives from the leaves of C. paniculatus
(4,5-di-O-5-hydroxytigloyl-1-O-2-methylbutyroyl-3-O-tigloyl-chiro-
inositol; 4,5-di-O-5-hydroxytigloyl-3-O-2-methyl-butyroyl-1-O-tigloyl-
chiro-inositol; 4,5-di-O-5-hydroxytigloyl-1,3-di-O-2-methylbutyroyl-chiro-
inositol; 3,5-di-O-5-hydroxy-tigloyl-2-O-2-methylbutyroyl-6-O-tigloyl-
chiro-inositol; 3,5-di-O-5-hydroxytigloyl-2,6-di-O-2-methylbutyroyl-chiro-
inositol;  4,5-di-O-5-hydroxy-tigloyl-3,6-di-O-tigloyl-chiro-inositol), one
new flavanol derivative from the rhizomes of Z. ajax [(2R,3R)-3-acetoxy-7-
hydroxy-3’,4’-methylenedioxyflavan], and fifteen known compounds (seven
compounds from Z ajax: 7-hydroxyflavan, 7,4’-dihydroxyflavan, 7,4'-
dihydroxy-8-methylflavan, 7,3’-dihydroxy-4’-methoxyflavan, 5.4-
dihydroxy-7-methoxy-6-methylflavan, 7-hydroxy-3’,4’-methylenedio-
xyflavanone and HAE, and eight compounds from A. tonkinensis: lirio-
denine, N-trans-feruloyltyramin, corydaldine, 8-oxopseudopalmatine, 3-
hydroxy-7,8-dehydro-f-ionone, pseudopalmatine, pseudocolumbamine, and
stigmasterol). All known compounds were the first phytochemical
investigation of these species.

2. Regarding bioactivities, compound 3,5-di-O-5-hydroxytigloyl-2-O-2-
methylbutyroyl-6-O-tigloyl-chiro-inositol (from C. paniculatus) and 3-
hydroxy-7,8-dehydro-fS-ionone (from A. tonkinensis) showed a potent
inhibitory activity for NO production. Total MeOH extract, MeOH portion
(extracted from CH,Cl, extract), pseudocolumbamine and pseudopalmatine
(from A. tonkinensis) revealed a potential anti-AChE activity. Compound
HAE (from Z. ajax) exhibited potent cytotoxic activity against the HepG2,
the SK-LU-1, the KB, the SW480 and the AGS cell line.

3. Electrospun HAE-loaded amphiphilic nanofibers intended for a solid
template for self-assembled liposomes were successfully prepared. PVP is an
appropriate carrier polymer in generating electrospun polymeric NFs loaded
with HAE (a crinine-type alkaloid of plant origin). The ratio of 1:2 (w/w) for
PC and PVP enables to formulate desired amphiphilic NFs intended for a
stabilizing platform (template) of self-assembled liposomes of HAE. The
preparation of NFs with suitable materials and ES parameters plays a
fundamental role in ES such DDS. The amphiphilic NFs loaded with plant-
origin API was reported for the first time.
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4. The nanofibrous solid templates showed a non-woven and loosely packed
platform with a nanoscale size ranging from 197 nm to 534 nm. The in-vitro
drug release of HAE from the amphiphilic NFs and liposomes showed the
initial burst release, and approximately 80% of HAE released within the first
four hours. An improved dissolution of poorly water-soluble HAE suggests
that the present amphiphilic nanofiber-based strategy for delivering self-
assembled liposomes is applicable for such plant-origin alkaloids. The per-
formance of the present DDS was verified by spontaneously forming (self-
assembled) liposomes in water within a few seconds.
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SUMMARY IN ESTONIAN

Viethami ravimtaimedest isoleeritud ekstraktide ja
toimeainete keemiline koostis ja bioaktiivsus ning nende
nanotehnoloogial p6hinevad ravimkandursiisteemid

Sissejuhatus

Juba eelajaloolistest aegadest saadik kasutusel olnud ravimtaimed on osutunud
viga edukaks toimeainete allikaks uute ravimite avastamisel (Atanasov et al.,
2015). Ravimtaimed pakuvad inimkonnale tohutut hulka looduslikke iihendeid,
mida tuleb jatkuvalt uurida (Cragg & Newman, 2013). Taimset péaritolu ravimid
voivad aga kaasa tuua ka negatiivseid aspekte: toimeainete vihest lahustuvust,
piiratud lahustumiskiirust, pérsitud imendumist organismis, sihtméargistatud
ravimkandursiisteemide piiratust, kdrget metaboliseerumistaset ja kiiret eritumis-
protsessi, mis tingib madala biosaadavuse ja véhenenud terapeutilise toime.
Need niitajad piiravad oluliselt flitopreparaatide kasulikkust kliinilises praktikas
(Junior et al., 2018).

Nanotehnoloogia on arenev teadusvaldkond, mis on leidnud mitmekiilgset
rakendust ka meditsiinis, eriti ravimkandursiisteemide (DDS) véljatodtamisel.
Nanoskaala DDSid pakuvad uudset ja perspektiivikat alternatiivi tavapirastele
ravimvormidele, olles moeldud potentsiaalsete uute taimse péritoluga toime-
ainete kohaletoimetamiseks vajalikku kohta organismis (Patra et al., 2018;
Zhang et al., 2018). On tdestatud, et taimse péritoluga toimeainete nanotehno-
loogiapohised DDS-d suurendavad toimeaine suukaudset biosaadavust mitu
kuni isegi sada korda (Teja et al., 2022). Seetottu vaib eeldada, et taimsete toime-
ainete kombineerimine farmatseutilise nanotehnoloogia voimalustega pakub uut
perspektiivi ravimtaimede uurimisel ja ravi edendamisel (Teja et al., 2022).

Elektrospinnimine on mitmekiilgne ja paljulubav meetod iihtlaste ja iili-
peente fiibrite valmistamiseks (Xue et al., 2019). Elektrospinnitud nano- ja
mikrofiibrid vdimaldavad luua paindlikke DDSe ja saavutada mitmekiilgset
ravimi vabanemise kineetikat, parandades sellega mitmeid terapeutilisi vajadusi.
Sellised DDSs kasutatavad poliimeersed nano- ja mikrokiud vdivad parandada
nditeks toimeainete suukaudset biosaadavust ja terapeutilist toimet tdnu ravimi
vabanemiseks sobivale kohale, ajastusele ja kiirusele (Kajdi€ et al., 2019).

Eesmargid

Kéesoleval doktoritodl on kaks peamist eesmérki: 1) saada teadmisi Vietnami
traditsioonilises meditsiinis kasutatavatest ravimtaimedest eraldatud ekstraktide
ja neis sisalduvate iihendite keemilise koostise ja bioaktiivsuse kohta; 2) toGtada
analiilisitud taimsetest ekstraktidest isoleeritud toimeainete jaoks vilja uudsed
farmatseutilisel nanotehnoloogial pdhinevad DDSd. Uuritavad ravimtaimed
valiti vélja nende bioaktiivsuse potentsiaali pdhjal.
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Eesmairkide saavutamiseks piistitati to6le neli spetsiifilist iilesannet:

1. Isoleerida huvipakkuvatest taimeekstraktidest individuaalsed iithendid ja
identifitseerida nende keemiline struktuur (I-1V).

2. Hinnata taimeekstraktidest eraldatud lihendite bioaktiivsust (sh véahivastast
tstitotoksilisust, poletikuvastast ja AChE-vastast toimet) (I-IV).

3. Disainida ja valmistada taimedest isoleeritud iihendite pohjal elektrospin-
nitud amfifiilsed nanofiibrid, mida saab kasutada isetekkeliste liposoomide
valmistamiseks (V).

4. Hinnata tilalnimetatud nanopreparaatide fiisikokeemilisi omadusi: lahustu-
mist in vitro ja stabiilsust (V).

Materjalid ja meetodid

Taimne materjal: Taimseks materjaliks olid taimeliigid Chisocheton panicula-
tus Hiern, Alphonsea tonkinensis A.DC. ja Zephyranthes ajax Hort., mis valiti
vilja Vietnami polisrahvaste etnomeditsiinile tuginedes ning identifitseeriti ja
koguti Vietnami keskosast.

Isoleeritud toimeaine: Hemantamiin (alkaloid), valge kristalne pulber, mille
puhtus on 95%, eraldatud taimest Z. gjax ja kasutatud elektrospinnitud nano-
fiibrite valmistamiseks.

Lahustid, muud materjalid ja reaktiivid: metanool (MeOH), n-heksaan,
etiililatsetaat (EtOAc), atsetoon, diklorometaan, kloroform (CHCI;), vesinik-
kloriidhape (HCIl) ja vesi reaktiividele omase ja HPLC-puhtusega (Xilong,
Hiina ja Sigma-Aldrich C.C., USA), mida kasutati taimse materjali ekstraheeri-
miseks ja toimeainete isoleerimiseks ekstraktidest. Amfifiilsete nanofiibrite
valmistamisel kasutati lahustina etanooli (Merck GmbH, Saksamaa). Polii-
viniililptirrolidoon (PVP) (Kollidon 90F K90) osteti ettevottelt BASF SE
(Saksamaa), ja sojaoa fosfatidiiiilkoliin (PC) (Lipoid S-100) saadi ettevottest
Lipoid GmbH (Saksamaa).

Toimeainete isoleerimine taimeekstraktidest ja nende keemiliste struktuuride
tuvastamine. Erinevate ekstraheerimis- ja kromatograafiliste meetodite kombinat-
sioon, sealhulgas normaalfaasi kromatograafia, pdordfaasikromatograafia, suurus-
eraldus-kromatograafia, ioonvahetuskromatograafia, korgefektiivne vedelik-
kromatograafia voi kristallisatsioonitehnikad ja erinevad keemilised meetodid
voimaldas taimsest materjalist eraldada piisavalt puhtaid individuaalseid {ihen-
deid. Isoleeeritud toimeainete keemilised struktuurid méirati kindlaks spektro-
skoopiliste analiilisidega ja vajadusel kombineerides neid erinevate keemiliste
meetoditega. Spekroskoopilised andmed salvestati ja sdilitatakse Vietnami
Teadus- ja Tehnoloogiaakadeemia keemiainstituudis.

Ekstraktide ja eraldatud iihendite bioaktiivsuse hindamine:

Tsiitotoksilisuse test: Eraldatud sekundaarsete metaboliitide tsiitotoksilist aktiiv-
sust hinnati sulforodamiin B (SRB) testi abil. Rakkude elujoulisuse hindamine
SRB testi abil pShineb raku valgusisalduse méédramisel (Monks et al., 1991)
inimese véhirakkude, sealhulgas inimese kopsukartsinoomi (rakuliin SK-LU-1)
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kasvu suhtes ja/vdi inimese hepatotsellulaarse kartsinoomi (HepG2) ja/voi
inimese suu kartsinoomi (KB) ja/v3i inimese kéérsoole kartsinoomi (SW480)
ja/voi inimese mao adenokartsinoomi (AGS) kasvu kaudu.

Poletikuvastane test: Meetod pdhineb nitriti kontsentratsioonil, mis on
lammastikoksiidi (NO) olemasolu indikaator s66tmes. Kontsentratsioon méérati
Griessi reaktsiooni ja RAW 264.7 rakkude abil (Yeon et al., 2015; Nguyen et
al., 2020).

AChE inhibeeriva aktiivsuse test: Test viidi ldbi pisut modifitseeritud ElI-
mani meetodil jargi, kasutades AChE-d, atsetiiiiltiokoliinkloriidi, DTNB-d,
etiliiilparaoksooni, indoksiiiilatsetaati ja fosfaatpuhverdatud soolalahust (Magal-
haes et al., 2020).

Taimse pdritoluga hemantamiini amfifiilsete nanofiibrite valmistamine ja ise-
loomustamine: Nanofiibrid valmistati lahustipdhisel elektrospinnimise meetodil.
Hemantamiini keemilist struktuuri ja nanofiibrite geomeetrilisi omadusi, moleku-
laarseid interaktsioone ja fiiiisikalisi tahke faasi omadusi uuriti tuumamagnet-
resonantsspektroskoopia (NMR), skaneeriva elektronmikroskoopia (SEM),
footonkorrelatsioonispektroskoopia (PCS), Fourier’ teisendatud infrapuna
spektroskoopia (FTIR), pulberrontgendifraktsiooni (XRPD) ja diferentsiaalse
skaneeriva kalorimeetria (DSC) meetodeid kasutades. Toimeaine vabanemise
uurimiseks in vitro kasutati dialiitisipShist lahustumismeetodit.

Tulemused ja arutelu

Taimedest eraldatud iihendite keemilise struktuuri selgitamine, nende tsiito-
toksilisus ja bioloogiline aktiivsus:

Vietnamist kogutud taime C. paniculatus lehtedest eraldati kuus uut kiroino-
sitooli derivaati (1-6): 4,5-di-O-5-hiidroksiitigloiiiil-1-O-2-metiiiilbutiirotiiil-3-
O-tigloiitil-kiroinositool (1), 4,5-di-O-5-hiidroksiitiglotiiil-3-O-2-metiiilbutii-
roiiiil-1-O-tigloiiiil-kiroinositool (2), 4,5-di-O-5-hiidroksiitigloiiiil-1,3-di-O-2-
metiiiilbutiiroiiiil-kiroinositool (3), 3,5-di-O-5-hiidroksiitiglotiiil-2-O-2-metiiiil-
butiirotiiil-6-O-tigloiiiil-kiroinositool (4), 3,5-di-O-5-hiidroksiitigloiiiil-2,6-di-O-
2-metiitilbutiirotiiil-kiroinositool (5), ja 4,5-di-O-5-hiidroksiitigloiiiil-3,6-di-O-
tigloiitil-kiroinositool (6).

Nende kuue iithendi keemilised struktuurid selgitati vélja 1D- ja 2D-NMR
ning korge eraldusvéimega elektronpihustusionisatsiooni massispektomeetria
meetodil. Koiki eraldatud iihendeid analiiiisiti nende inhibeeriva toime osas
lipopoliisahhariidide poolt indutseeritud ldmmastikoksiidi (NO) tootmise suhtes
RAW 264.7 makrofaagide rakuliinis. Uhend 4 niitas eraldatud ainete seas kdige
tugevamat NO tootmist inhibeerivat toimet ICs, védrtusega 7,1 uM. Uhendid 1,
3 ja 6 inhibeerisid moddukat NO produktsiooni, nende ICs, véirtused olid
vastavalt 20,3, 62,9 ja 56,7 uM. Uhendid 2 ja 5 avaldasid viiga ndrka inhib-
eerivat aktiivsust, ICs, vddrtused olid vastavalt 123,7 ja 95,6 uM. Tsiitotoksilise
toime suhtes hinnati eraldatud {ihendeid 1-6 inimese kopsukartsinoomi (SK-
LU-1) rakuliini suhtes. Tulemused néitasid, et kdigil uutel kiroinositooli deri-
vaatidel oli uuritud rakuliinide suhtes viga ndrk tsiitotoksilisus.
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Taime A. tonkinensis varte ja lehtede fiitokeemilise uuringu tulemuseks oli
varasemalt tuntud iihendite liriodeniini (7) (Kristanti et al., 2015), N-trans-
feruloiitiltiiramiini (8) (Kanada et al., 2012), koridaldiini (9) (Atan et al., 2011),
8-oksopseudopalmatiini (10) (Costa et al., 2010), 3-hiidroksii-7,8-dehiidro-4-
ionooni (11) (Sannai et al., 1984), pseudopalmatiini (12) (Stubba et al., 2015),
pseudokolumbamiini (13) (Moulis et al., 1977) ja stigmasterooli (14) (Forgo &
Kovér, 2004) eraldamine ja identifitseerimine. Meie parima teadmise kohaselt
eraldati iihendid 9 ja 11 taimeperekonnast Alphonsea esimest korda.

Uhendite 7-14 pdletikuvastast toimet hinnati NO tootmist inhibeeriva toime
pohjal, kasutades Griessi testi. Uhendil 11 oli tugev NO tootmist inhibeeriv
toime LPS-i poolt stimuleeritud BV2 rakkude suhtes 1Cs, vdirtusega 20,4 uM.
Mairkimisvadrne on avastus, et selle ithendi ICs, vaartus oli méirksa viaiksem kui
positiivse kontrolli L-NMMA viirtus. Ulejdinud iihendid ei avaldanud NO-
tootmise aktiivsuse parssimisele mingit mdju. Meie andmetel oleme esimestena
ndidanud ithendi 11 mdju inhibeerida NO tootmist.

Saadud ithendeid 8-14 testiti nende tsiitotoksilise toime suhtes inimese
hepatotsellulaarse kartsinoomi (HepG2) ja inimese kopsukartsinoomi (SK-LU-
1) rakuliini suhtes. Uhendi 7 kogus ei olnud kahjuks testimiseks piisav. Tule-
mused néitasid, et Gthendid 8, 9, 12, 13 ja 14 ei inhibeerinud uuritud rakuliine.
Kuid tihenditel 10 ja 11 ilmnes inhibeeriv toime molema kahe testitud vahi-
rakuliini suhtes, kusjuures ICs, vdirtused jaid vahemikku 54,4-69,6 uM. Huvi-
taval kombel néitas {ihendi 10 ja iihendite 12 ja 13 tsiitotoksilisuse vordlus ilm-
selgelt, et karboniitilrithma olemasolu aine struktuuris (10) voib avaldada tsiito-
toksilisele aktiivsusele suurendavat mdju. Meie teada ei ole tihendite 10 ja 11
tsiitotoksilist aktiivsust varasemalt kirjeldatud.

Taimest A. tonkinensis eraldatud ekstrakte ja iithendeid hinnati AChE inhi-
beeriva toime suhtes, kasutades Ellmani kolorimeetrilist meetodit, kusjuures
positiivse kontrollina tarvitati galantamiini. Tulemused néitasid, et MeOH
alafraktsioon (see ekstraheeriti omakorda CH,Cl, ekstraktist MeOH abil) niitas
kdige tugevamat AChE-inhibeerivat toimet ICs, inhibeerimisvéértusega 14,6
png/ml, millele jargnesid MeOH ekstrakt ICs, vaddrtusega 22,7 pg/ml ja CH,Cl,
ekstrakt ICsy vddrtusega 32,8 pg/ml. Pseudopalmatiin ja pseudokolumbamiin
avaldasid tugevat AChE-inhibeerivat toimet 1Csy vddrtustega vastavalt 8,6 uM
ja 18,9 uM.

Mis puutub kolmandasse ravimtaime, siis pérast taime Z. ajax lehtede ekstra-
heerimist ja ekstrakti koostisainete isoleerimist ja identifitseerimist leiti tdiesti

uus flavanooli derivaat (2R,3R)-3-atsetoksii-7-hiidroksii-3’,4"-metiileendioksii-
flavaan (15) ja seitse teadaolevat iihendit: 7-hidroksiiflavaan (16) (Moodley,

2004), 7,4’-dihiidroksiiflavaan (17) (Meksuriyen & Cordell, 1988), 7.4’-
dihiidroksii-8-metiiiilflavaan (18) (Ioset et al., 2001), 7,3’-dihiidroksii-4’-meto-
ksiiflavaan (19) (Sun et al., 2016), 5,4’-dihiidroksii-7-metoksii-6-metiiiilflavaan

(20) (Zheng jt, 2004), 7-hiidroksii-3’,4’-metiileendioksiiflavanoon (21) (Ali et
al., 2017) ja hemantamiin (22) (Bastida et al., 1987; Bohno et al., 2007). Meie
parimate teadmiste kohaselt eraldati {ihendid 16, 17, 18, 20 ja 21 taimepere-
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konnast Zephyranthes esimest korda. Lisaks néitas tsiitotoksilisuse test, et
ithendil 22 on tugev tsiitotoksiline toime inimese hepatotsellulaarse kartsinoomi
(HepG?2), inimese kopsukartsinoomi (SK-LU-1), inimese suus esineva kartsi-
noomi (KB), inimese kaérsoolekartsinoomi (SW480) ja inimese mao adeno-
kartsinoom (AGS), mille ICs, vddrtused on vahemikus 4,4-11,3 uM. See on
esimene uuring, mis nditab tthendi 22 tsiitotoksilisust SK-LU-1 vahirakuliini
suhtes.

Elektrospinnitud amfifiilsete nanofiibrite ja isetekkeliste liposoomide nano-
formulatsioon taimse pdritoluga hemantamiini kohaletoimetamiseks:

Taimse péritoluga toimeainet hemantamiin, mis eraldati taimest Z. ajax, kasutati
nanoformulatsioonide valmistamiseks. Elektrospinnimisel onnestus saada sama
PC ja PVP suhega (1:2 mass/mass) hemantamiini sisaldavad amfifiilsed nano-
fiibrid, mida saab kasutada tahke vaheproduktina isetekkeliste liposoomide
valmistamiseks. Nanofiibridolid mittepdimunud ja 16dvalt pakitud kiududena.
Hemantamiiniga laetud elektrospinnitud amfifiilsete nanofiibrite keskmine kiu
1abimoat oli 392+66 nm (n=100) ja kiu suurus oli tiksikutel nanofiibritel vahe-
mikus 197-534 nm. Tilga puhastatud vee lisamisel amfifiilsele nanofiibermatile
moodustusid mone sekundi jooksul spontaanselt liposoomid, tdestades seega
viélja tootatud nanosiisteemi asjakohast toimimist.

PCS tulemused néiitavad, et liposoomid olid sfaérilise kujuga ja neil oli
bimodaalne suurusjaotus kahe erineva piigiga 63+70 nm (10,3%) ja 401+64 nm
(89,7%) juures. Poliidisperssuse indeks (PDI) oli 0,474. See niitab, et lipo-
soomide in situ moodustumine toimus ootuspéraselt. Puhta hemantamiini
XRPD-muster niitas arvukalt selgeid kristallilisi peegeldusi. Hemantamiini
sisaldavate elektrospinnitud nanofiibrite XRPD-mustris ei ilmnenud kristallili-
sele vormile iseloomulikke peegeldusi. Amfifiilsete nanofiibrite XRPD-mustris
on ndha kahte laia amorfset halo (tdenéoliselt on sellele kaasa aidanud PVP),
mis viitab praeguste fiibrite tahke faasi amorfsele struktuurile. Hemantamiini
tahke faasi muundumine vdib olla tingitud lahusti suurenenud aurustumis-
kiirusest elektrospinnimise protsessi ajal, mis voib takistada API iimberkristalli-
seerumist (Laidmde et al., 2021). Hemantamiini in vitro lahustumist pulbri kujul
ja amfifiilsete elektrospinnitud nanofiibritena uuriti dialiilisimeetodi abil.
Esimese 2-tunnise faasi jooksul vabanes iile poole ja jirgnevas 2-tunnises faasis
vabanes ligikaudu 80% nanofiibritesse seotud hemantamiinist. Esialgne kiire
vabanemine tulenes suure toendosusega hemantamiini tahke aine vormist, st
olekust nanokiulistes mallides ja tema pinna- v0i pinnaldhedasest jaotusest
nanofiibrites, mis viitab hemantamiini paranenud lahustumisele ja toetab prae-
gust amfifiilsetel nanofiibritel pohinevat strateegia. Vilja tootatud hemantamiini
sisaldavad amfifiilsed nanofiibrid on alternatiivne ldhenemisviis liposomaalse
ravimkandursiisteemi disainimiseks ja uuritud alkaloidi liposoomide stabilisee-
rimiseks.
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Jareldused ja kokkuvote

Kokkuvbttes pakub kiesolev uuring uusi teaduslikke andmeid taimede C. pani-
culatus, A. tonkinensis ja Z. ajax fiitokeemilise koostise ja bioaktiivsuse kohta.
Erilist tdhelepanu pdorati uurimuses hemantamiinile, mis avastati taimest Z.
ajax ja kasutati taimse paritoluga amfifiilsete nanofiibrite ja liposoomide formu-
leerimiseks uudsete nanotehnoloogiapdhiste ravimkandursiisteemidena. Uuri-
musest saab teha jargmised jareldused:

1. Uuritud kolmest ravimtaimest eraldati ja iseloomustati kokku 22 koostis-
ainet, sealhulgas seitset uut ithendit. Need uued ithendid holmavad kuut uut
kiroinositooli derivaati taime C. paniculatus lehtedest (4,5-di-O-5-hiidrok-
siitigloiiiil-1-O-2-metiiiilbutiiroiiiil-3-O-tigloiiiil-kiroinositool;  4,5-di-O-5-
hiidroksiitigloiiiil-3-O-2-metiiiilbutiirotiiil- 1 -O-tigloiiiil-kiroinositool, 4,5-di-
O-5-hiidroksiitigloiitil-1,3-di-O-2-metiiiilbutiirotiiil-kiro-inositool; 3,5-di-O-
5-hiidroksii-tigloiiiil-2-O-2-metiiiilbutiiroiiiil-6- O-tigloiiiil-kiro-inositool;
3,5-di-O-5-hiidroksiitigloiiiil-2,6-di-O-2-metiiilbutiiroiiiil-kiroinositool; 4,5-
di-O-5-hiidroksii-tiglotiiil-3,6-di-O-tigloiiiil-kiroinositool) ja iihte uut flava-
nooli derivaati taime Z. gjax risoomidest, aga ka (2R,3R)-3-atsetoksii-7-
hiidroksii-3’,4’-metiileendioksiiflavaani ja viitteist tuntud iihendit (seitse
taimest Z. gjax: 7-hiidroksiiflavaan, 7,4’-dihiidroksiiflavaan, 7,4’-dihiidroksii-
8-metiiiilflavaan, 7,3’-dihiidroksii-4’-metoksiiflavaan, 5,4’-dihiidroksii-7-

metoksii-6-metiiiilflavaan,  7-hiidroksii-3’,4’-metiileendioksiiflavanoon ja
hemantamiin, ning kaheksa taime A. tonkinensis vartest ja lehtedest:
liriodeniin, N-trans-feruloiitiltiramiin, koridaldiin, 8-oksopseudopalmatiin,
3-hiidroksii-7,8-dehiidro-$-ionoon, pseudopalmatiin, pseudokolumbamiin ja
stigmasterol). Koik varem teadaolevad iihendid olid nendest taimeliikidest
esimest korda eraldatud meie poolt.

2. Bioaktiivsusse puutuvalt niitasid ithendid 3,5-di-O-5-hiidroksiitiglotiiil-2-O-
2-metiililbutiirotiiil-6-O-tigloiiiil-kiroinositool (taimest C. paniculatus) ja 3-
hiidroksii-7,8-dehiidro-f-ionoon (A. fonkinensis) tugevat NO moodustumist
parssivat toimet. MeOH koguekstrakt, MeOH osa (ekstraheeritud CH,Cl,
ekstraktist), pseudokolumbamiin ja pseudopalmatiin (4. fonkinensis) néitasid
potentsiaalset AChE-vastast toimet. Hemantamiin (Z. ajax) avaldas tugevat
tsiitotoksilist toimet inimese véhirakuliinide HepG2, SK-LU-1, KB, SW480
ja AGS suhtes.

3. Onnestus edukalt valmistada hemantamiini sisaldavad elektrospinnitud amfi-
fiilsed nanofiibrid, mida saab kasutada tahke vaheproduktina isetekkeliste
liposoomide valmistamiseks. PVP on sobiv kandepoliimeer hemantamiiniga
(taimse paritoluga kriiniini-tiilipi alkaloid) laetud elektrospinnitud poliimeer-
sete nanofiibrite genereerimiseks. PC ja PVP suhe 1:2 (mass/mass) voimal-
dab valmistada soovitud amfifiilseid nanofiibreid, mida saab kasutada
hemantamiini isetekkeliste liposoomide stabiilse vaheproduktina. Sobivate
materjalide ja elektrospinnimise parameetritega nanofiibrite valmistamine
méngib sellises elektrospinnitud ravimkandursiisteemis olulist rolli. Tege-
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mist on esmakordse taimset paritolu toimeainet sisaldava isetekkeliste lipo-
soomide valmistamiseks moeldud amfifiilsete nanofiibrite disainiga.

. Nanofiibrid olid mittepdimunud ja 16dvalt pakitud kiududena, fiibrite l4bi-
modt oli vahemikus 197-534 nm. Hemantamiini in vitro vabanemine amfi-
fiilsetest nanofiibritest ja liposoomidest nditas algset kiiret vabanemist ja
ligikaudu 80% hemantamiinist vabanes esimese nelja tunni jooksul. Vees
halvasti lahustuva hemantamiini paranenud lahustuvus viitab sellele, et prae-
gune amfifiilsetel nanofiibritel pohinev strateegia isetekkeliste liposoomide
valmistamiseks on rakendatav taimse péritoluga alkaloidide jaoks. Vilja
tootatud ravimkandursiisteemi toimivust kinnitas mone sekundi jooksul
spontaansete (isetekkeliste) liposoomide moodustumine vees.
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