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ABSTRACT

The present research aims to explore the bioactive potential of extracts, fractions, and
selected compounds from the plants' Zanthoxylum armatum DC as well as Sarcococca
coriacea and Sarcococca wallichii. The extract of Z. armatum fruit pericarp from
Pyuthan district was subjected to bioassay-guided isolation, in vivo antidiabetic, in vivo
toxicity studies, and anticancer activities. Bioassay-guided isolation from Z. armatum
yielded seven compounds: tambulin (1), prudomestin (2), cinnamic acid (3), cinnamic
ester (4), isovanillic acid (5), isoquercetin (6), and ducosterol (7). The structures of the
compounds were elucidated using mass spectrometry and 1D-and 2D-NMR
spectroscopy techniques. Bioactivities including anti-inflammatory, antioxidant, and
anticancer properties, were investigated for extracts, fractions, and compounds,
particularly focusing on flavonoids 1 and 2 due to their higher yield. Essential oil
extraction was carried out using the Clevenger apparatus through hydro-distillation
from the fruit pericarp collected from three major commercial sites, and their GCMS
analysis was used to examine volatile components and enantiomeric composition. The
antioxidant activities, measured using DPPH, showed increasing activities with 1Cso
values of ethanolic extract 174.00 + 1.01, methanolic extract 169.85 * 0.244,
Ethylacetate fraction 42.94 + 1.19, compound 1 and 2 as 32.65 + 0.31, 26.96 + 0.19
pg/mL respectively. Likewise the reactive oxygen species inhibition activities was
found potent of ethanolic extract (ICso= 20.7 + 0.4 pg/mL), methanolic extract (ICso=
27.7 £ 0.7 pg/mL), hexane fraction (ICso= 26.3 + 1.1 pg/mL), ethyl acetate fraction
(ICs0 =17.8 £ 1.1 pg/mL), and compounds 1 and 2 (ICso= 7.5 £ 0.3 and 1.5 £ 0.3)
pg/mL, respectively as compared to standard ibuprofen (ICso= 11.2 + 1.9 pg/mL).
Molecular docking study of compounds 1 and 2 with cyclooxygenase-2 exhibited
optimal binding affinity, with binding energies of -8.4 and -8.6 kcal/mol, respectively
compared to standard ibuprofen (-7.7 kcal/mol). Drug likeliness and ADMET analyses
indicated superior gastrointestinal absorption for compounds 1 and 2 without any
discernible toxic effects. Both the extracts’, hexane fraction, and cinnamic acid (3)
possess activity against breast cancer cell line (MCF-7) while extract and hexane
fraction were also active against cervical cancer HeLa as measured through MTT assay.
Compounds 1 and 2 demonstrated the highest insulin secretion activities at 200 mM
and 50 mM, respectively at optimal stimulatory glucose (11-25 mM). Molecular

docking and simulation studies of compound 2 with an insulin-secreting target were



performed and found to be binding with excellent stability. The GC-MS analysis of
essential oil indicated linalool as the major constituent. The hexane fraction’s odorant
and olfactory sensory molecules exhibited the qualities of a bio-pesticide. Acute
toxicity results showed an LDsp value of 565.68 mg/kg body weight in the case of
healthy Swiss albino mice and the histopathological studies indicated inflammatory
changes and polymorphs in the pancreas and kidney, and liver necrosis in higher doses.
The extract was nontoxic to healthy Long Evans Rats. In vivo antidiabetic studies on
Long Evans Rats revealed significant results in lowering blood glucose at (p<0.041,
p<0.023, and p<0.003) 25 mg/Kg, 50 mg/Kg, and the standard drug respectively. A
dose of 25 mg/Kg significantly (p<0.02) increased hepatic glycogen while 50 mg was
significant in hyperlipidemia and in increasing HDL.

Bioassay-guided isolation of Sarcococca wallichii Staph. dichloromethane fraction
yielded four different compounds Na-Methylepipachysamine D (8), taraxerol (9), beta-
sitosterol (10), and oleanolic acid (11). Hydro-methanoic extract of S. coriacea leaf Sc-
A, steam Sc-S, and chloroform fraction of S. wallichii at pH 7 (Sw-D) were evaluated
for various bioassays and found to be good to potent active. Specifically, Sc-A exhibited
notable inhibition against digestive enzymes a-glucosidase (ICso=39.92 + 2.52 pg/mL)
and a-amylase (ICso= 224.3 = 1.87 pg/mL), while Sw-D inhibited a-amylase (ICso=
2.116 + 0.058 pg/mL) exceeding the standard acarbose (ICso= 6.18 + 0.97ug/mL).
Furthermore, antioxidant activities were observed in Sc-A (ICso= 24.56+3.3 pg/mL),
Sc-S (ICs0=28.90 + 5.22 pg/mL) and Sw-D (ICs0= 53.79 + 2.50 pg/mL). Cytotoxicity
assessment against breast cancer (MCF-7) revealed an (ICso= 11.50 £ 0.50 pg/mL) for
a basic fraction (Sc-B) of S. coriacea while its neutral chloroform fraction (Sc-N)
exhibited an (ICs0=68.42+5 ug/mL). Anticancer activity against cervical cancer (HeLa)
was observed for Sc-B (ICso =36.33 £ 10) and Sc-N (ICso =85.5 £ 5). Sc-B also

possesses remarkable antibacterial activities against S. aureus, E. coli, Salmonella

typhi.

Keywords: Biological activity, Reactive oxygen species, Tambulin, Prudomestin, a-

glucosidase, Molecular docking
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CHAPTER 1

INTRODUCTION

1.1 Medicinal plants

Plant kingdom inherits potential drug candidates that can heal various diseases. Herbal
formulation and traditional knowledge about the floral ecosystem particularly in places
lacking proper access to medicine play a crucial impact on the health of indigenous
people. Such plants served as a boon to humankind through the ages due to various
phyto-constituents consumed as food and medicine in traditional treatment (Cragg &
Newman, 2013). Several cultures and indigenous tribes are accustomed to nature
healing and the trend is still increasing due to the consciousness of people regarding
diet, nutraceuticals, and long-term health benefits. Globally around 70,000 plant species
are used as medicine (Farnsworth & Soejarto, 2010). The faith and belief of people in
natural plants are beyond comparison to the synthetic medicines that take many lives
(Duke, 1990). Herbs that grow in the Himalayan region are the major natural resources
of Nepal which has been renowned in Ayurveda throughout the Indian subcontinent.
Such medicinal plants from Nepal were traded across neighboring countries such as
India and Tibet in their crude form (IUCN Nepal, 2000). Philosophically as stated by,
the ancient Greek physician Hippocrates 400 BC ago “Let thy food be thy medicine
and thy medicine be thy food™ is always significant since the food we consume can play
a vital role in maintaining good health and well-being. Every food consists of certain
elements and nutritional value that can serve as medicine at appropriate doses and may
be toxic at higher. Synthetic medications are associated with a huge number of deaths
with so-called safe pharmaceutical drugs, over-the-counter drugs. The long-term
adverse impact of synthetic medicine has increased people’s belief in herbal
medications since there are no documented deaths due to herbal medications. Hence
plant-based medicine is considered safe and effective and does not possess any
undesirable side effects (Karimi et al.,, 2015). Modern healthcare recognizes the
importance of nutrition in disease prevention and management but medicinal plants
with healthy lifestyles help to prevent diseases (Witkamp & Norren, 2018).

Plants, particularly those utilized in Ayurveda, have the potential to yield biologically
active compounds and serve as the foundation for the development of modified
derivatives that exhibit enhanced activity and /or reduced toxicity. Although only a
small fraction of flowering plants have been studied thus far, approximately 90 plant
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species have already produced around 120 therapeutic agents with known structures.
Notable examples of these beneficial plant-derived drugs include vinblastine,
vincristine, taxol, podophyllotoxin, camptothecin, digitoxigenen, gitoxigenin,
digoxigenin, tubocurarine, morphine, codeine, aspirin, atropine, pilocarpine, capsaicin,
allicin, curcumin, artemisinin, and ephedrine. In certain instances, the crude extract of
medicinal plants may be utilized directly as medicaments. Conversely, it is of utmost
importance to isolate and identify the active components of these plants, as well as
elucidate the mechanism of action of these drugs (Joy et al., 1998).

1.2 Importance of natural products

Practicing of natural treatment of any plant parts as medicine requires in-depth
knowledge. Documented research based on multiple bioprospecting strategies requires
a lengthier process starting from traditional knowledge, practice, and belief. The
collection of information is critical in decision making which relies on the clinical and
preclinical studies. In vitro and in vivo analysis on various biological assays of the
phytochemical extracts largely supplies the information. Further information also
depends on the botanical or pharmacological knowledge of the plant of the indigenous
tribe (Sousa et al., 2016). Around 715.1 nature approved small molecules as drugs over
the time frame of 1981 till 2019 out of 1394 drugs and 1 out of 63 approved antidiabetic
drugs. Similarly, 35 nature-based anticancer drugs were approved from 321 anticancer
drugs in total from 1946 to 2019 (Newman & Cragg, 2020).

Modern advancement in medicine equally trusts traditional practice and knowledge.
Consuming raw materials from nature is as old as mankind through cooking and choice
of food, condiments are majorly influenced by available resources and the connected
economic sphere. Likewise, additional preference for certain foods in the community
for their particular flavor and impactful medications can be observed to the day
(Bottero, 1985). The Romans were in charge of spreading value and expertise and
distributing Mediterranean spice and herb plants overall in their empire (Weiss., 2002).
Plants with promising potential are still unexplored and in abundance in their wild
habitat serving as a storehouse for the ongoing research (Farnsworth & Soejarto, 2010).
The interrelationship between natural products, research, pharmaceutical companies,
and available commercial medications with lesser side effects and economically
accessible to huge masses holds a strong nexus in the global arena. Nearly 80% of
people mostly from developing countries rely on herbal medicines due to cultural

acceptance and associated lesser economic values few of such major herbal medicines
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include spices like garlic, gingko, saw palmeto, ginseng, and Echinacea (Farnsworth &
Norman, 1991). Development of effective anticancer drugs such as paclitaxel and the
camptothecin derivatives, topotecan, and irinotecan required 20-30 years of dedicated
research (Cragg & Newman, 2005). Notable drugs isolated from plants are arteether,
galantamine, nitisinone, and iotropium many of such compounds are in clinical trials
such as morphine-6-glucuronide, vinfunine, exatecan, calanolide, etc (Balunas &
Kinghorn, 2005). The huge diversity of structural and chemical constituents in nature
that have been evolutionarily tuned up to drug-like compounds, contributing as lead
drugs in medicines that cannot be matched with any synthetic ones stored as a database
of biomolecules (Newman & Cragg, 2012). Over the time frame from around the 1940s
to the end of 2014, of the 175 small molecules approved against cancer, 85, or 49%,
actually either natural products or their derivatives (Newman & Cragg, 2016). Figure
1 represents the structures of some of the notable drugs derived from nature such as
artemisinin (12), aspirin (13), cortisone (14), diclofenac (15), paclitaxel (16), quinine
(17), digitoxin (18), amoxicillin (19), salbutamol (20), piroxicam (21).

The exploration of such plant-based medicines is crucial in response to emerging health
challenges and adapting to the evolving landscape of diseases. Despite the existence of
numerous synthetic drugs for conditions like cancer and diabetes, their high costs and
undesirable side effects prompt ongoing efforts to discover more cost-effective and less
harmful alternatives. Researchers are increasingly focusing on natural studies, drawn
by the accessibility, minimal side effects, and the positive psychological impact of
nature-based healing. Nature as a prolific source, continues to be pivotal in the search
for innovative drug treatments. With its huge variation in the altitude range a diverse
range of ecosystems exists in Nepal. Floral kingdom with 6500 species of flowering
plants, 30 gymnosperms, and 450 ferns (Smith et al., 1979). Plant-based therapies are
gaining prominence as substitutes for conventional synthetic medications due to their
effectiveness, psychological healing attributes, affordability, and simplicity, making
them accessible to a larger global population.

In the realm of cancer and diabetes treatment, herbal remedies derived from nature often
stand out as potent anticancer agents, inhibiting tumor formation and irregular cell
division. Their appeal lies in the reduced side effects and the psychological comfort

they provide to individuals undergoing treatment.
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Figure 1: Compounds used in modern medicine based on natural products
Nepal, with its diverse topological variation, is endowed with a myriad of unexplored
plants, some of which have undergone limited studies. Notable, plants possessing
economically significant values such as Zanthoxylum armatum DC (Z. armatum)
commonly called winged prickely-ash in English is popularly known as Timur in
Nepali. It is one of the spices in Nepali kitchen. Likewise, an evergreen species
Sarcococca coriacea and Sarcococca wallichii commonly called phitiyephiya remain
unexplored in the realm of research. The abundance of various phytoconstituents in
these plants has been reported in previous studies. Z. armatum inherits different classes

of compounds such as polyphenolics, amides, acids, alkaloids with potent anti-



proliferative, anti-mycobacterial, anti-hypoxic, inhibiting growth of cell lines,

neuroprotective activities (Nooreen et al., 2019; Siddhanadham et al., 2017; Zhai et al.,

2022; Devkota et al., 2013; Ye et al., 2023). Likewise leaves of S. coriacea possess

cholinesterase inhibitory potent steroidal alkaloids, potent anti-leishmanial activities
(Kalauni et al., 2001; Kalauni et al., 2002; Adhikari, 2009) and S. wallichii possess

anti-inflammatory constituents (Adhikari et al., 2018). Further research on these plants

can explore the hidden potential of various prospects.

1.3 Nature-based anticancer agents

World Health Organization discusses that cancer is one of the major non-communicable

diseases taking the lives of 9.3 million people alone in 2019 (WHO, 2023). Numerous

research attempts have been carried out to develop anticancer drugs based on nature.

Anticancer agents derived from plant sources at different stages of clinical development

are discussed in Table 1 below.

Table 1: Anticancer agents derived from nature

Anticancer agent Isolated from Compound activity Research Citation
Paclitaxel Taxane; Microtubule Clinical use: Phase (Jordan &
(Taxol) Taxus brevifolia disruptor;block I-111 clinical trials; Wilson,
mitosis;induce early treatment  2004;Che et al.,
apoptosis settings, lung 2015)
breast, ovarian
cancer

Epipodophyllotoxi ~ Podophyllum Pro-apoptotic Lymphomas and

n peltatum L; effects; cell cycle testicular cancer (Shah et al,
Podophyllotoxin interference trials 2013; Shah et
isomer al.,2013)

Pomiferin Maclura pomifera Pro-apoptotic Growth inhibition (Amin et al,
; Dereeis effects; DNA insix humancancer 2009; Son et
Malaccensis fragmentation; cell lines; al.,2007)

inhibits  oxidative = ACHN(kidney),
damage of DNA; NCI-H23 (lung),
antioxidant activity PC-3  (prostate),
inhibits histone MDA-MB-231
deacetylases (breast), LOX-
cytotoxicity of IMVI(Melanoma),
cancer cells HCT-15 (colon)

Sulphoraphane Isotiocynanate in Induces phase 2 Clinical trials with (Pledgie-Tracy
cruciferous detoxification oral administration et al.,
vegetables enzymes; inhibits of cruciferous  2007)(Cornblatt
Brassica tumour growth in vegetable et al.,2007)

breast cancers, preparation  with
antiproliferate sulphoraphane
effects

Vincristine Catharanthus Anti-mitotic; Lymphomas, (Amin et
roseus G. Don; microtubule sarcomas and al.,2009;Jordan
Vinca alkaloids inhibitor; bind to g- leukaemias; in & Wilson, 2004;

tubulin; microtubule clinical use ; Solowey et
stabilizers or combinationtrials  al.,2014;




destabilizers;  pro- Pezzuto

apoptotic properties al.,1997)
and induce cell cycle (Risinger
arrest;  anti-tumour al.,2009)
activity

Nblastine Catharanthus Anti- Testicular cancer, (Jordan

roseus G. Don; mitotic;microtubule  Hodgkins disease &Wilson, 2004;

Vinca alkaloids inhibitor; bind to and lymphoma in Solowey
beta tubulin; clinical use ; al.,2014;Risinge
microtubule combination trials  r et al.,2009)
stabilizers or

destabilizers; pro
apoptotic properties

Vinorelbine and induce cell cycle  Non-small cell (Solowey
arrest; anti tumour lung cancer; single al.,2014;Jordan
activity and combination & Wilson, 2004;
trials : phase I-111 Amin et

2009)

1.4 Family Rutaceae and Zanthoxylum armatum

Family Rutaceae consists of huge biodiversity in its large family of 160 genera and
1900 species. Most of the species are commercially valued citrus fruits which are linked
with topographic distribution (Groppo et al., 2008). Z. armatum also called Timur in
Nepali is also one of the most economically valued species of the Rutaceae family due
to its potent properties. Out of the eight species of Zanthoxylum reported from Nepal,
five species were accepted taxonomically (Phuyal et al.,, 2019) notably; Z.
acanthopodium DC, Z. niditum DC, Z. oxyphyllum Edgew, Z. tomentellum Hook. f.,
and Z. armatum DC. The aromatic plant under this study morphologically grows up to
6m in height with the characteristic flavor and taste which was identified as Z. armatum
DC. It is also associated with the treatment of certain diseases and disorders (Malla et
al., 2014; Phuyal et al., 2019). The scientific classification of Z. armatum (Rana &
Rawat, 2017) is shown in Table 2. The picture of Z. armatum plant with unripe at the

month of May and ripe fruits at the month of October is presented below in Figure 2.

Table 2: Scientific classification of Z. armatum

Kingdom: Plantae

Division/Phylum: Tracheophyta

Class: Magnoliopsida

Order: Sapindales

Family: Rutaceae

Genus: Zanthoxylum

Species: armatum DC

Binomial name: Zanthoxylum armatum DC




Figure 2: Photograph of Z. armatum tree (i) raw fruits (ii) ripe fruits before harvesting

Different parts of a tree, including leaves, blossoms, barks, fruits, and seeds, have been

used to treat illnesses. Its spicy flavor, excellent nutritional content, and numerous

medical benefits make it one of the most valued spices in the South Asian region. Some

compounds with remarkable activities reported from their non-polar fraction are listed

below in Table 3 with the reported bioactivities. Compound linalool is one of the major

constituents reported with diverse activities in addition to palmitic acid, cinnamic acid

methyl ester, methyl oleate, trans-13 —octadecenoic acid, palmitoelic acid, and methyl

palmitoleate. Studies show these compounds possess wider applications including

anticancer, antibacterial, and anti-inflammatory activities.

Table 3: Bioactive constituents in Z. armatum

Compound Activities Citation

Linalool Antiinflammatory, anticancer, anti (Pereira et al.,2018)
hyperlipedemic, antimicrobial, (Peana et al.,2002)
antinoceptive, analgesic, anxiolytic, (Elisabetsky, 2002)
antidepressive, neuroprotective,
anticonvulsant

Palmitic acid Antiinflammatory (Aparna et al.,2012)

Cinnamic acid methyl ester

Methyl oleate
Trans-13-octadecenoic acid

Palmitoelic acid

Methyl palmitoleate

Anticancer, Antibacterial, Anti-
fungal, Neurological disorders
Antifungal

Human metabolite

Antiinflammatory
Cytopprotective, anti-inflammatory,
antifibrotic

(Ruwizhi & Aderibigbe, 2020)

(Lima et al.,2011)

(Astudillo et al.,2018)
(Product et al.,n.d.)




1.5 Family Buxaceae and species Sarcococca

The evergreen Buxaceae family consists of trees and shrubs in its four major genera
Sarcococca, Simondsia, Pachysandra, and Buxus. These plants have been broadly
distributed and used in folk medicine for ages to cure tumors, diarrhea, inflammations,
and infections (Kumar et al., 2015). The evergreen buxaceae family has four species of
Sarcococca across various regions in Nepal, S. coriacea, S. saligna, S. hookerina & S.
wallichii (Smith et al., 1982). These plants are particularly rich in steroidal alkaloids
and the nature of such compounds plays a crucial role. Sarcococca species studied here
are S. coriacea (Hook.F.) also called Tricera nepalensis Wall and S. wallichi Staph.
Figure 3 and the taxonomical classification of these plants are presented in Table 4
below (Rana & Rawat, 2017):

Table 4: Scientific classification of S. coriacea and S. wallichii

Kingdom Plantae Plantae
Phylum Tracheophyta Tracheophyta
Class Magnoliopsida Magnoliopsida
Order Buxales Buxales
Family Buxaceae Buxaceae
Genus Sarcococca Sarcococca
Species coriacea Hook. F. wallichii Staph.

Figure 3: Photograph of S. coriacea plant



1.6 Antioxidant activity

Antioxidants are those substances that inhibit or prevent the oxidation of oxidizable
substrates (proteins, carbohydrates, nucleic acids, lipids). These properties include the
ability to scavenge free radicals, neutralize reactive oxygen species (ROS), inhibit lipid
peroxidation, chelate metal ions, and protect against oxidative damage to biomolecules
such as proteins, lipids, and DNA. Antioxidant properties can vary depending on the
chemical structure, concentration, and bioavailability of the compound. A very low
concentration of an antioxidant is capable of oxidizing an excess amount of substrate.
Antioxidants particularly phenolic based on plants are good sources of antioxidants
(Soobrattee et al., 2005). The specific technique used for the determination of the
antioxidant potencies of certain biological samples is known as assay. Antioxidant
assays are thus designed to evaluate the ability of the plant sample/ compound to
prevent oxidation of substrates. There are various such assays such as 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay, oxygen radical absorbance capacity (ORAC) assay,
ferric reducing antioxidant power (FRAP) assay, and total antioxidant capacity (TAC)
assay, etc. Antioxidant activities refer to the effect of antioxidants source on living
organisms as observed through a broad range of effects including reducing oxidative
stress, inflammation, and cellular damage and promoting overall health and longevity.
Such activities can be accessed through in vitro as well as in vivo. Standard antioxidant
quercetin is used in many DPPH assays. Antioxidant activities may include protection
against chronic diseases such as cancer, cardiovascular disease, diabetes,
neurodegenerative disorders, and aging-related conditions.

1.6.1 Functionalities influencing the antioxidant properties

The inhibitory capacity of any plant reflected as antioxidant properties depends upon
the functional moieties and their dominance. Certain phytoconstituents and
functionalities such as polyphenolics possess higher antioxidant properties compared
to other functional groups due to their replaceable -OH groups. One of the major
chemicals used for antioxidant property determination is 2,2-diphenyl-1-picrylhydrazyl
assay (DPPH assay).

1.6.2 Mechanism of DPPH antioxidant

Since antioxidants interact with oxidative free radicals. The antioxidant activity of plant
extract or sample is measured as it reacts with a methanol solution of stable DPPH
radical. Structurally DPPH can accept an electron or a hydrogen radical to become a
stable diamagnetic molecule and is oxidized with difficulty and then irreversibly. For
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this purpose, DPPH 2, 2-diphenyl-1-picrylhydrazyl a common stable free radical is used
for conducting electron spin resonance due to the paramagnetic properties of its odd
electron. Because of its odd electron, DPPH shows a strong absorption band at 517 nm
in methanol, in which its solution appears a deep violet color. As this electron becomes
paired off the absorption vanishes and the resulting decolonization is stoichiometric
concerning the number of electrons taken up (Brand-Williams et al., 1995). The
schematic reaction is represented as below:

DPPH® + AH—— DPPH-H + A°

DPPH®° + R —* DPPH-R

H
NO, /Ph NO, \ /Ph
N. N N—N\
\Ph + FIOH ——— 5 Ph + FI0
O5N NO

O2N NO, 2 2 Flavonoid
. phenoxyl

DPPH radical purple color Flavonoid (F10H) DPPH, (yellow) radical

Figure 4: Reaction mechanism of DPPH with compounds containing hydroxyl groups
1.6.3 Reason behind the change in color
The strong absorption is fortunate because the solubility of DPPH is not great however
alcoholic solutions having concentrations of approximately 5x10# M are nevertheless
densely colored. In such low concentrations, the Lambert—Beer Law is obeyed over the
useful range of absorption. Its interaction with the compounds having reversibly
oxidizable groups DPPH gives results consistent with mechanisms as below (Nature,
1958).
1.7 Reactive oxygen species
Reactive oxygen species (ROS) is a group of chemically reactive molecules generated
during aerobic respiration as a natural byproduct of normal cellular metabolism that
plays a vital role in cell signaling and immune response (Finkel, 2011; Halliwell &
Gutteridge, 2015; Sies, 2017; Valko et al., 2007). ROS is necessary for cell stability
and kills pathogens while its excess leads to tissue damage through various levels of
inflammation. The imbalance between the production and elimination of ROS, results
in oxidative stress (Mittal et al., 2014) that damages cells, proteins, lipids, and DNA
hence causing various neurodegenerative disorders, cardiovascular diseases, and early

aging (Valko et al., 2007). Excess intracellular ROS triggers disorders and
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inflammation in old age (Hussain et al., 2016). Neutralizing these ROS to less harmful
substances or scavenging to prevent oxidative damage takes place through antioxidants
(Gorrini et al., 2013). Oxidative stress is associated with the development and
progression of various diseases, including cancer and diabetes. Thus, balance between
ROS, stress, inflammation, and antioxidants is necessary to maintain good health.
Increased level of ROS amplifies and deteriorate oxidative stress hence aggravating
inflammation (Mittal et al., 2014; Gautam et al., 2009). Antioxidants have both
endogenous and exogenous defenses in scavenging ROS and its effects. Endogenous
deficiency primarily needs enzymatic supplements (Sies, 2015) and pro-oxidants
(Halliwell, 2012) which are inaccessible as exogenous sources such as food and
vegetables with polyphenols and flavonoids possessing strong immunity regulators,
improving inflammation, neurodegeneration, cardiovascular disease and diabetes
(Yahfoufi et al., 2018; Guardia et al., 2001). Since flavonoids are non-enzymatic
antioxidants and strong XO inhibitors these crucially inhibit the production of ROS
functionally (Valko et al., 2007; Orhan & Deniz, 2020). Additionally, polyphenols
inhibit enzymes related to pro-inflammation thus decreasing the risk of dementia
(Hussain et al., 2016). Hence increased antioxidant supplements through diet activity
is quite remarkable (Gorrini et al., 2013).

1.8 Antidiabetic activity

Diabetes mellitus, commonly called type 2 diabetes identified by hyperglycemia is
caused due to various degrees of s-cell dysfunction and insulin resistance. Patients with
diabetes mellitus are increasing globally with an associated two-fold excess risk of
cardiovascular, cerebrovascular, and peripheral artery disease (Kazi & Blonde, 2001;
Sarwar et al., 2010). According to the WHO database 2023, diabetic cases globally
reached up to 422 million and are still at an increasing rate in low-income countries.
Any plant or drug that possesses features and can control high blood glucose levels
either through stimulating insulin production, reducing glucose production in the liver,
or improving insulin sensitivity are antidiabetic drugs. Synthetic antidiabetic drugs are
associated with adverse effects of weight gain, flatulence, and mild anaemia. The
feature of synthetic drugs can be their unique mechanism of action in controlling
glucose, improving insulin sensitivity, safety, effect on g cells, etc. A search for potent
antidiabetic secretagogue from plant origin is in high demand due to low economic
value and lesser side effects. The consumed food has a direct impact on blood glucose
levels. Indigenous people are fond of consuming wild and cultivated plants to manage
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diabetic complications. Generation wise oral transfer of knowledge based on the safety
status of plants triggers herbal formulation to people, particularly from developing
nations like Nepal. The enzymatic digestion of complex carbohydrates collectively by
the role of a-amylase and a-glucosidase has been addressed as a potential means of
controlling postprandial hyperglycemia by reducing the absorption of glucose from
meals (Mccue et al., 2005). Inhibitors of these enzymes help by delaying in breaking
mechanism of carbohydrates finally leading to a decrease in the postprandial glucose
level in the blood (Kwon et al., 2006). Newmann and Cragg discuss the progress of
natural products as a source of new drugs over the time frame of 1981 to 2019 among
63 new chemical entities one of them is based on natural sources (Newman & Cragg,
2020) Various types of research targeting the plant-based inhibitors are on increasing
trend against these digestive enzymes a-amylase and a-glucosidase as a natural
supplement and diet plays pivotal role addressing the concern related to synthetic drugs.
Initiation of such research through in-vitro antidiabetic properties of plant extract is
expressed by the inhibition of plant sample to the enzymes a-amylase and a-glucosidase
(Nair et al., 2013). Plants with the highest inhibitory activities against both of these
digestive enzymes are rare. Very few natural plants are reported with strong inhibiting
capacity to both these enzymes concomitantly (Kazeem et al., 2013). Plants belonging
to the buxaceae family are reported to have potent to moderate inhibitory capacity in
multiple diseases and need to be researched concerning antidiabetic properties.

Combined disorders with their stress and economic impact are associated with higher
mortality (Einarson et al., 2018). The international diabetes federation predicts a
probable increase in diabetes would be 7.83 million by the end of 2045 globally from
approximately 537 million diabetic adult people in 2021(Diabetes, 2021). Despite its
economic burden for the treatment to low earning people, around 5-10% allocated
budget in the health system globally falls under this disorder alone (Gagliardino et al.,
2004). Parameters such as low income, multiple complications, and financial burdens
force patients to believe and practice traditional treatments, especially in developing
countries. Treatment of serious diseases from nature-generated drugs has
revolutionized. Remarkable generated drugs from nature are the most antibiotics drugs
from microbial products (Wright, 2017). A search for potent antidiabetic secretagogues
from edible plant-based resources can serve as an alternative due to their lesser side
effects and associated positive psychology. Common drugs such as pycnogenol,
acarbose, miglitol, and voglibose are antidiabetic products of natural origin. Galegine
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which serves as a significant antidiabetic drug metformin is isolated from the natural
plant; Galega officinalis (Rios et al., 2015). Screening many plants for antidiabetic
properties in vitro results in few ones with inhibiting potentials to both a-glucosidase
and a-amylase (Baral et al., 2022). Such plants with antidiabetic sources serve as a boon
to humankind through diverse mechanisms of drug-like properties. Nature-based
extracts and compounds isolated from them are widely studied as antidiabetic drugs
both in vitro and in vivo.

1.9 Anticancer activity

Irregularities in gene functioning and changes in how genes are activated or deactivated
resulting in abnormal cells that grow and invade healthy cells in the body are
fundamental characteristics of cancer (Jones & Baylin, 2007). A broad term cancer
covers 19.3 million new cases and mortality of around 10 million people globally in
2020. The report also diagnosed breast cancer cases with 2.26 million (Ferlay et al.,
2021). Cancer is a class of diseases that are characterized by uncontrolled cell
proliferation combined with malignant activity and it is the major cause of death
globally (Paulmurugan, 2012). According to the International Agency for Research on
Cancer’s GLOBOCAN series, there were 14.1 million new cases recorded and 8.2
million deaths worldwide in 2012. As with the reported rate of breast cancer (1.67 M),
colorectal (1.82 M), and lung cancer (1.36 M), and the leading causes of mortality was
stomach cancer (745000 deaths), liver cancer (1.6 M fatalities), and (723000 deaths)
(Ferlay et al., 2015). The estimated number of new cases of cancer in 2018 was 18.1
million, with 9.5 million fatalities. Lung cancer is the leading cause of cancer death in
men, followed by prostate and stomach cancer, whereas breast cancer is the leading
cause of cancer mortality in women, followed by lung and colorectal cancer (Bray et
al., 2018). With 24.1 M new cases and 13.0 M deaths anticipated from cancer by 2030,
the mortality and morbidity of the disease would likely continue to rise (Sachez et al.,
2019). GLOBOCAN 2018, in Nepal, estimated new cancer was 103.7 and the death
rate was 77.8 per 100000 population (Shrestha et al., 2020). According to
GLOBOCAN, there can be an estimated 4820000 and 2370000 cancer cases in China
and the United States, respectively, and 3210000 and 640000 cancer fatalities in 2022
(Xia et al., 2022). Among 247 anticancer drug units around the time frame of 1981 to
2019, 18 units were based on natural products (Newman & Cragg, 2020).

The variation, complexity, and diversity of cancers and the efficacy of any drug unit
can vary depending on the type and stage of cancer. The activities of samples as
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observed against various cell lines are known as anticancer assay. Anticancer drugs in
general inhibit the growth and proliferation of cancer cells. A feature of the drug to be
anticancer is selective cytotoxicity but killing cancer cells only is a major challenge.
The ability of any anticancer drug to arrest by targeting in multiple phases thus
disrupting the cell cycle and uncontrolled cell growth involved in division or inhibiting
metastasis. Likewise starving the tumor cells by angiogenesis inhibition or inducing
apoptosis programmed cell death. Features of any drug or plant-based formulations or
specific units can be highly significant due to lesser side effects on healthy cells. Dietary
intake of fruits and vegetables is associated with reducing the risk of many cancerous
diseases by double (Ames et al., 1993). Thus, studies that explore plants possessing
antioxidants are higher in demand. Some of the nature-based anticancer medicines are
paclitaxel, epipodophyllotoxin, pomiferin, sulforaphane, vincristine, vinblastine,
flavopiridol, etc.

1.10 Rationale of the study

The global community is very concerned about synthetic drugs and is interested in
research on nature-based therapies. Nature’s healing potential for various diseases
underscores the need to investigate the constituents of plants that support human health
through dietary consumption. It is also essential to scrutinize the proper dosage of
medicinal plants for efficacy as they can turn toxic at higher doses.

The researcher’s prime objective is to find cost-effective solutions to address concerns
associated with synthetic medications. Funding towards academic endeavors exploring
plant-based therapeutic units that are beneficial to humanity, aiming to alleviate
economic burdens and minimize undesirable side effects affecting health. Current
treatments for diseases like diabetes, cancer, and disorders associated with antidiabetic,
antioxidant, and anticancer medications are capital intensive, possess side effects, and
are not easily accessible. Therefore, finding an economically viable, accessible,
effective, and sustainable treatment technology is crucial for safeguarding health,
resources, and the ecosystem.

Evidence-based studies on natural resources of Nepali origin are of significant
importance, considering that farming is the primary occupation for most people in
Nepal, and their lifestyle is intricately connected to nature. This study represents a
pioneering effort in drug discovery based on potential units derived from plants. Natural
product chemistry delves into biodiversity’s hidden treasures, leveraging different

solvents and technologies, often relying on indigenous practices. Studies on nature-
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based antidiabetic plants and the potential insulin secretagogues can largely support
diabetic sufferers and help them treat through a nature-based diet. Likewise, nature-
based anticancer units can be a boon to the alarming new cases of cancer. Research
revealed plants possessing antioxidant properties also possess antidiabetic and
anticancer properties. Thus, studies on plants with properties such as antioxidants,
antidiabetic, and anticancer properties can be a remarkable leap to humankind.
Documented studies on specific flora vary based on plant habitat, and the biodiversity
of Nepali origin offers significant benefits due to topological variation, soil
composition, and nutrient content. Research on bio-applications could play a vital role
in drug discovery. Functional moieties on certain compounds and their potential
reactions suggest alternative means to synthetic medications for treating various
ailments and disorders. The study aligns with the sustainable development goal “Good
health and well-being” recognizing that well-being and good health are interconnected
with diet, supplements, and exercise.

1.11 Objectives

The ongoing investigation into nature-based resources holds the potential to unveil
medicinal plants, guided by indigenous knowledge and practices. Local communities
highly value certain plants regardless of scientific scrutiny, as they have demonstrated
outcomes over specific intervals and are readily available in nature. The exploration of
these selected plants could contribute to drug discovery by identifying life-saving
compounds or molecules with potential activity against emerging viruses and diseases.
Nepal, characterized by a vast range of altitude variations, can significantly impact the
constituents and yield of these plants. Notably, the chosen plants are of particular
interest due to their traditional medicinal use and the limited scientific studies
conducted thus far. Despite evaluating the potency of Zanthoxylum armatum DC across
different geographical locations, there remains a dearth of research on the bioassay-
guided isolation of its extract for fractionation and the isolation of compounds with
antioxidant, antidiabetic, and anticancer properties especially those originating in
Nepal. Existing literature predominantly focuses Z. armatum from lower altitudes,

while broader studies can reveal compounds with novel activities.

In the case of Z. armatum, the main research objectives encompass the assessment of
toxicity, antidiabetic studies, and the isolation and characterization of secondary

metabolites along with their biological studies. Similarly, a lack of documented studies
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on bioactivities, such as antidiabetic, antioxidant, and anticancer properties of

Sarcococca coriacea (Hook. F.) and S. wallichii Staph. prompted the investigation with

the belief that these plant species harbor potential bioactive properties that have yet to

be explored.

1.11.1 General objectives

Investigation of the antioxidant, antidiabetic, and anticancer potential of Sarcococca

coriacea (Hook. F.), Sarcococca wallichii Staph., and Zanthoxylum armatum DC of

Nepali origin.

1.11.2 Specific objectives

The specific objectives of the current studies are:

1.

Extract preparation, fractionation, isolation, and identification of compounds

obtained from Z. armatum

Bioactivities of Z. armatum’s extract, fraction, and compounds along with in

silico activities of compounds based on their in vitro studies
Pharmacological studies on toxicity determination of Z. armatum extract

Determination of hypoglycemic status of type Il diabetic rats fed with extract

of Z. armatum
GCMS and bioactivities of hexane fraction of Z. armatum

Extraction of essential oil of Z. armatum from various commercial sites their

GCMS and chiral GCMS studies with their comparative antibacterial activities

Extract preparation of S. coriacea leaf (Sc-A) and stem (Sc-S) and their

bioassays

Compound isolation from S. wallichii their structure elucidation and
bioactivities of S. coriacea basic fraction (Sc-B), S. coriacea neutral fraction
(Sc-N), S. wallichii DCM fraction (Sw-D)

Interest in these specific plants is due to their various phytoconstituents such as steroidal

alkaloids, flavonoids, terpenes, etc with diverse pharmacological activities.
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1.12 Delimitation of the studies

This study mainly focuses on extract and fractions of Z. armatum while limited studies
on Sarcococca species. Attempts of isolation of pure compounds and their structure
determination were carried out. To the compounds with potent activities observed from
in vitro activities further in silico studies were carried. This research doesn’t involve

mechanistic studies of isolated compounds or extracts.
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CHAPTER 2
LITERATURE REVIEW

2.1 Zanthoxylum armatum

The diverse family rutaceae consists of 160 genera and 1900 species. Most of these are
economically valued plants (Groppo et al., 2008). Z. acanthopodium DC, Z. niditum
DC, Z. oxyphyllum, Z. tomentellum Hook. f., and Z. armatum DC are taxonomically
categorized from Nepal (Phuyal et al., 2019). Morphologically Z. armatum, is an
aromatic tree that grows up to 6 m in height with its branches bearing prickly thorns
and small flowers. The fruits are reddish ovoid and split when ripe. It is widely
distributed in Nepal from east to west at an ele vation of 1000-2500 m in open places
and forest areas (Hertog & Wiersum, 2000) besides this plant is also distributed in India,
Bhutan, China, Taiwan, Philippines, Malaysia, Pakistan, and Japan at an altitude range
of 1300-1500 m (Singh & Singh, 2011). Z. armatum is an economically valuable and
promising plant of the Rutaceae family commonly called ‘Timur’ in Nepal. Z. armatum
DC is also called winged prickly ash. Locals have consumed it for ages as spices in the
treatment of various ailments. Due to its high value, it has been consumed by people
through the ages in the form of spices and the treatment of various ailments. Its fruit
and thorns are also used as fish poison by certain tribes in Nepal (Malla et al., 2014).
Properties such as anthelminthic, stomachic, and carminative have increased their uses
(Phuyal et al., 2019). The properties of this plant are attributed to the presence of
various phytochemicals such as alkaloids, sterols, phenolics, lignins, coumarins,
terpenoids, flavonoids, saponins, coumarins, glycosides, benzenoids fatty acids,
alkanoic acids, and amino acids working in synergy (Karki et al., 2014; Chopra et al.,
1958).

With every emerging disease development and research studies of new drugs depend
critically on natural products (Newman & Cragg, 2016). Studies revealed Z. armatum
from various belts exhibited strong antifungal, cytotoxic, phytotoxic, insecticidal, and
anti-leishmanial effects (Alam & Saqib, 2017) in addition to significant antidiabetic and
antioxidant properties (Karki et al., 2014). Similar other species like Z. alatum possess
potent cytotoxic properties in different cell lines due to its lignins (Mukhija et al., 2014),

whereas stem bark of Z. nitidum inhibits breast cancer cell lines (YYang et al., 2009).

19



2.2 Bioactivities of Zanthoxylum armatum

Zanthoxylum armatum possesses potent activity which could be attributed to its
extensive class of secondary metabolites known as phenols comprised of flavonoids,
tannins, hydroxycinnamate esters, alkaloids etc., and structurally related compounds
(Grace & Logan, 2000). Some of the chemically identified components isolated from
Z. armatum are m-methoxy palmityoxy benzene, acetyl phenyl acetate, linoliyl-O- a —
D-xylopyranoside, m-hydroxyphenoxy benzene, palmitic acid along with 2a-methyl-
23-ethylene-3p-isopropyl-cyclohexan-14,3a-diol (22), and phenol-O-4-D-
arabinopyranosyl-4'-(3", 7", 11", 15"-tetramethyl)-hex-adecan-1"-oate (23) that exhibit
notable inhibition of pro-inflammatory cytokines production (Nooreen et al., 2019).
Tambulin (1), found in Z. armatum, has been observed to act as a secretagogue,
stimulating insulin secretion (Hameed et al., 2019) as well as a primary vasorelaxant,
exerting a direct effect on the vascular smooth muscle through both the cyclic
AMP/GMP relaxing pathways (Mushtaq et al., 2019).

A wide range of research conducted on this plant has yielded various compounds. Some
of the compounds isolated possessing anti-mycobacterial activities (24, 25)
(Siddhanadham et al., 2017) anti-proliferative polyphenolic compounds (1,2, 26, 27)
(Nooreen et al., 2017), isolated lignins (28, 29, 30, 31, 32, 33, 34) (Sun et al., 2022;
Mukhija et al.,2014) and remarkable lignans from stem bark possessing qualities to
protect crops as preservative (30, 32, 35) (Zhang et al., 2018). A wide range of
compounds isolated from the bark of Z. armatum are lignins (30, 36). Notable anti-
neuroinflammatory agents isolated from the plants include compounds such as trans-
ferulic acid (37) and methyl ferulate (38) (Li et al., 2023). Other isolated compounds
are (39, 40, 41) isobutylhydroxyamides potentially inhibit the growth of NF1-defective
tumor cell lines (42, 43, 44, 45) (Devkota et al., 2013). In addition notables compounds
isolated are armatamide (46), a-amyrins (51), g-amyrins (52), lupeol (53), and B-
sitosterol-B-D-glucoside(54) (Kalia et al., 1999). The twigs of the plant also possess
compounds such as eudesmin (35) with anti-hypoxic activity (Zhai et al., 2022). Recent
studies explored the neuroprotective activities of numerous alkylamides from fruit
pericarp (Ye et al., 2023).The characteristic pungent odor, tingling sensation, and
numbness associated with various unsaturated fatty acid amides of sanshools in their
various forms a, B, Y, ¢, and their derivatives (Cheng et al., 2023).Some of the major
constituents of Z. armatum (46, 47, 48, 49, 50) (Singh & Singh, 2011). The compounds
isolated from the plants are presented below in Figure 5.
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B-sitosterol-B-D-glucoside (54)
Structure of some of the isolated compounds from Z. armatum
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2.3 Bioactivities of isolated compounds from S. coriacea and S. wallichii

The significance of this genus is evident in numerous research endeavors, where
biological activities have been attributed to isolated steroidal alkaloids, specifically
pregnane derivatives (Ghulam et al., 2012). N-methylepipachysamine D, Sarcovagine
C (71), and dictyophlebine (72) exhibit dual cholinesterase and antiplasmodial
properties (Devkota et al., 2007), displaying significant inhibitory activities. This
affluence of research underscores the critical role of this genus and its alkaloid
constituents, particularly in the context of their diverse and potent biological effects.
Other compounds from S. hookeriana possess both cholinesterase and antiplasmodial
properties (Devkota et al., 2007) with significant inhibitory activities. Compounds (55,
56) isolated from S. wallichii (Adhikari et al., 2015) are detailed in Figure 6.

Wallichamine A (55) Wallichamine B (56)

Figure 6: Structure of some compounds isolated from S. wallichii
Leaves from S. coriacea in Nepal are enriched with potent compounds, including
(-)vaganine D (57), (+) nepapakistamine A (58), exhibiting cholinesterase inhibitory
activities. Other steroidal alkaloids isolated from the leaves namely,
epoxysarcovagenine D (59) , epoxypakistamine -A (60), Funtumafrine C (61) and N
methylfuntumine(62), exhibit robust acetylcholinesterase and butyrylcholinesterase
inhibition in a concentration- dependent manner (Kalauni et al., 2002). A significant
breakthrough in research unfolded with a discovery of a fluorine containing secondary
metabolite from S. coriacea, introducing a novel class of fluoropyrimidine-subsituted
alkaloids (63-70) alongside numerous steroidal alkaloids possessing potent biological
activities (Adhikari, 2009). Additionally isolated compounds encompass alkaloid C
(71), Na-methylepipachysamine D (8), Iso-N formylchoenmorphine (72), Sarcovagine
C (73), Sarcovagine D (74), Na-methylpachysamine A (75), dictyophlebine (76) , 5,6-
dihydrosarconidin (77), and terminaline (78).
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The roots of S. coriacea exhibit anti- leishmanial activities attributed to steroidal
alkaloids such as alkaloid C (71) and 1so-N-formylchonemorphine (72) (Choudhary et
al., 2010). The flowers of S. coriacea were revealed to contain rare sugar xylitol,
alongside other sterols (Rai et al., 2006). These research findings underscore the
heightened medicinal value of these species. The impact of this research extends to the
local community, where people utilize the bark of S. coricea to alleviate swelling
(Sigdel etal., 2013). Moreover, leaves and shoots of Sarcococca plants find application
in folk medicine for treating rheumatic fever (Kumar et al., 2015). Various parts of this
medicinally significant plant, including roots, stem, leaves, bark, and flowers, have
been subjects of continuous multidimensional research for years. Some of the
compounds isolated (57, 58, 59, 60, 61, 62) (Kalauni et al., 2001) (Kalauni et al., 2002)
and (63, 64, 65, 66, 67, 68, 69, 70 ) (Adhikari, 2009) from S. coriacea are presented in
Figure 7 below.
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Figure 7: Structure of some compounds isolated from S. coriacea
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2.4 Research gap

The literature review has systematically uncovered diverse aspects of research on these
plants of interest, such as Z. armatum, S. coriacea, and S. wallichii, along with their
isolated compounds. This review predominantly focuses on recent investigations and
biological applications associated with these plants. Notably, considerable efforts have
been directed towards isolating compounds and elucidating their specific bioactivities.
The indigenous treatment practices for various ailments and disorders exhibit variations
depending upon topographic nuances and quantitative constituents.

Nature-based therapies not only present cost-effective alternatives but also serve as
viable options regarding conventional, costly, and intricate technologies. The
challenges associated with synthetic medications, encompassing high costs, limited
accessibility, and adverse effects, especially in developing nations like Nepal,
underscore the imperative for researchers to delve into nature’s reservoir for drug
discovery. There exists an urgent necessity for the development of affordable widely
accessible, and highly effective nature-based medications.

While numerous researchers have explored plant-based treatments, Ayurvedic
medicine has particularly highlighted the potential of Z. armatum and its oil in
managing inflammatory disorders. Nevertheless, a conspicuous gap exists in specific
studies elucidating the antioxidant, antidiabetic, and anticancer properties of Z.
armatum sourced from higher altitudes. Similarly, evidence-based studies are lacking
concerning the bio-potencies of Sarcococca species, as per indigenous practices. To the
best of our knowledge, there is an absence of research on the antidiabetic, antioxidant,
and anticancer properties of these plants within the Nepalese topography.
Consequently, our research endeavours aim to address this void by scrutinizing the
efficacy of Z. armatum, S. wallichii, and S. coriacea concerning these unexplored

properties.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Methodological framework

Extract preparation, fractionation, and isolation were conducted in the research
laboratory of the Central Department of Chemistry, Tribhuvan University, Kathmandu,
Nepal, National Academy of Science and Technology (NAST), Lalitpur, Nepal, and
University of Karachi, Pakistan. The primary goal of the fractionation of extract was to
obtain flavonoid-containing fraction in the case of Z. armatum. While isolation of the
S. wallichi  DCM fraction is a continuous work of our research group. Figure 8
illustrates the methodological framework of extraction and fraction during the study
initiated from 80% hydro methanolic/ hydroethanolic solution. However, in the context
of S. coriacea leaf and stem-only extraction were carried out for bioactivities. A
thorough explanation of each procedure is followed on the specific topic.

[ Air dried } > [ Crude extract ]
plant material Soaked in 80% MeOH/H,0

for 7-10 days, filter and filtrate
euvaporated in high vaccum

lDissolve in distilled water

Solvent-solvent Solvent-solvent
extraction with Y extraction with hexane
Dichloromethane ; -
[ fraction } <dichloromethane [Water soluble extrac} [Hexane fraction ]

Solvent-solvent
Y extraction with

Water extract ethylacetate > [Ethylacetate fraction]

Solvent-solvent
extraction with Y

. butanol
Butanol fraction Water extract

Y

Water fraction

Figure 8: Conceptual framework of extraction and fractionation of plant
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3.2 Sample collection and extraction

3.2.1 Zanthoxylum armatum

Ripe fruits of Z. armatum were collected in October 2018 from the Pyuthan district of
Nepal. Botanist Dr. Baburam Nepali assisted in the identification of the plant species
in the field during collection. Herbarium authentication was carried out at the Central
Department of Botany, Kritipur. The specimen of voucher no TUCH 201016 was
collected at Tribhuvan University Central Herbarium (TUCH). Air-dried matured fruits
of Z. armatum were ground to powder. Figure 9 represents Z. armatum fruit ripe in the
plant, harvested, and powdered form. 5 kg of powdered Z. armatum was macerated with
7 liters of 80% EtOH: H20 at room temperature for 7 days with occasional shaking and
the procedure was repeated thrice. The supernatant filtrate was concentrated in a rotary
evaporator to obtain a dark viscous semisolid crude extract of 561.04 g. The dried
ethanolic extract was dissolved in distilled water for fractionation of its constituents
using various organic solvents from hexane (Za-A), ethylacetate (Za-B), and butanol
(Za-C). The fractionated solution procedure was concentrated in rotatory evaporator
IKA (Werke GmbH &Co. KG, Germany) at 40 °C and dried in the freeze drier
(HETOSICC, Heto Lab Equipment, Denmark) at 55 °C.

Figure 9: Photograph of (a) Z. armatum tree (b) ripe fruits (c) fruit pericarp before grinding (d)

powdered fruit pericarp ready for extract preparation
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A similar process was adopted for hydromethanolic extract preparation. Extract yield
was 9.8% of the dry weight of fruits used. The dried extract was stored in the
refrigerator at 4 °C until further use. The methodological framework of the extraction
and fractionation step is presented in Figure 10.

Zanthoxylum armatum DC
(5 Kg, fruit pericarp)
Extracted with

80% EtOH-H,0
351

Crude extract
(561.04 g)

Dissolved in distilled water

Extraction with hexane
(8L)

hexane fraction Aqueous extract
134.22 g, Za-A

Extraction with EtoAc
(7L)

Aqueous extract

EtoAc fraction
143.52 g,Za-B|

Extraction with BuOH, (5 L) *
Aqueous extract
1765 g

Figure 10: Methodological framework of extraction and fractionation of Z. armatum

BuOH fraction|
84.45 g, Za-C

3.2.2 Sample collection for extraction of essential oil

For the extraction of essential oil from the matured fruit pericarp, Z. armatum were
collected from the commercial sites of Salyan (Hertog & Wiersum, 2000) Surkhet and
Myagdi district of Nepal.

3.3. Materials and equipment

Laboratory-grade organic solvents were used and purchased from E. Merck, Glaxo, and
qualigens. 2,2 Diphenyl 1 picrylhydrazyl (DPPH), a-glucosidase from Saccharomyces
cerevisiae, a-amylase from porcine pancreases, 2-Chloro-4-nitrophenyl-a-D-
Maltotrioside (CNPG3) and p-Nitrophenyl-a-D-glucopyranoside (PNPG) were
purchased from Sigma-Aldrich, Glucose Oxidase (GOD- PAP) and Cholesterol
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Oxidase/Peroxidase (CHOD-PAP) were purchased from Randox Laboratories Ltd.,
UK. Column chromatography (CC) was performed using (60-120, 70-230, and 30-400
mesh size, E. Merk, Darmstadt), and Merck alumina (ASTM mesh 70-230) and LH-
Sephadex. Compounds were checked for purity using pre-coated silica gel 0.2 mm
analytical thin layer chromatography TLC plates (60, F 254, E. Merck,). Visualization
of TLC plates occurred under ultraviolet light at 254nm for fluorescence quenching
spots and at 366 nm for fluorescent spots. Different spraying reagents such as
anisaldehyde, sulphuric acid, ferric chloride, Dragendroff reagent, and iodine chamber
were employed to stain the compounds on TLC. For spectrophotometry microplate
spectrophotometer (Epoch 2, BioTek, Instruments, Inc., USA) was used. Rotatory
evaporator IKA (Werke GmbH &Co. KG, Germany) at 40 °C and dried in the freeze
drier (HETOSICC, Heto Lab Equipment, Denmark) at 55 °C. The EI-MS spectra were
obtained on El (LR) JEOL MS ROUTE 600H-1, (JEOL, Ltd, Tokyo, Japan). The *H-
NMR spectra were acquired on AV-400 & 500 instruments (Bruker, Switzerland).
Chemical shift values were recorded in ppm(d) relative to CDClz, MeOD, and DMSO
and the *'H NMR data are reported as follows: chemical shift, integration, multiplicity
(s = singlet, d = doublet, m = multiplet, dd = doublet of doublet) and coupling constants
(Hz). The 'H-NMR, COSY, HSQC, and HMBC spectra were also taken at 400 & 500
MHz and the coupling constants are estimated in Hertz. The spectroscopic part was
recorded at the H. E. J. Research Institute of Chemistry, University of Karachi, Pakistan
and Kumamato University, Japan.

3.4. Fractionation of Z. armatum extract

The fractionation was carried out using liquid-liquid extraction or partition
chromatography. In this technique, the sample is dissolved in one solvent, and this
solvent is brought into contact with a second, immiscible solvent. The compounds in
the sample will distribute themselves between the two immiscible solvents based on
their solubility in each. This distribution of compounds between the two solvents is
characterized by the partition coefficient (Kq). The choice of solvent thus plays a vital
role in the fractionation of extract as the nature of solvent and phyto-constituents in the
extract determines the distribution of constituents. The nonpolar solvent dissolves
nonpolar constituents and vice-versa following the rule of solubility “like dissolves
like”. The non-polar hydrocarbons and low polarity compounds are extracted by hexane
fraction while the intermediate polar constituents are soluble in ethylacetate fraction.
The butanol fraction extracts the more polar compounds and the remaining higher polar
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compounds solubilize in water. The hydroethanolic extract of Z. armatum was
fractionated with solvent in increasing polarity using the separatory funnel. The extract
was dissolved with distilled water at first followed by fractionation using lower polarity
n-hexane, intermediate polarity ethylacetate and more polar n-butanol and finally the
remaining water fraction. Hence choice of solvents, extraction process, separation and
finally collection of phases determines the yield of the constituents which can be
processed ahead for column chromatography and isolation. The fractionation details of

Z. armatum extract are presented in scheme Figure 10.

3.4.1 Column chromatography

Column chromatography involves separating the constituents of a mixture between two
phases, where the solvent acts as the mobile phase, and silica serves as the stationary
phase. The distribution coefficient (Kq) measures how a compound distributes itself
between two immiscible phases the stationary phase (silica gel) and the mobile phase
(solvent). Higher Kq indicates that a compound has a greater affinity for the stationary
phase and vice versa however in the case of lower Kq compound is less retained by the
stationary phase, making it more likely to be extracted into the solvent. The selection
of a suitable eluent, functioning as the mobile phase, crucially determines the efficacy
of the process. The eluent carries the constituents down the column, as the compounds
with different Kq values interact with the stationary phase to varying degrees, they will
be eluted at different times. The time and yield in the chromatographic system are
influenced by the flow rate and the gradient of elution.

Thus to facilitate the separation of constituents within the extract and isolate the desired
compound, column chromatography was employed. The methodology initially started
with the careful packing of silica and the extract. The column preparation includes
filling it with silica as an adsorbent in slurry form using a nonpolar solvent. To create
the slurry for wet packing, silica was preheated in an oven at 120 °C for three hours and
soaked in n-hexane overnight. A similar process was applied to the desired extract,
using a minimal amount of silica in dry form.

Subsequently, the wet adsorbent was packed into the column first, and the extract was
added to the top. The extract was thoroughly mixed, dried, and packed into the column.
The column was filled initially with larger mesh size silica gel (mesh size: 60-120),
which can allow for a higher flow of the mobile phase through the column leading to

faster separation. Above this silica gel slurry, a layer of cotton is placed, and finally,
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the fraction/extract is prepared with silica in dry form. Another cotton layer was added
to the remaining column space to ensure equal inlet flow, maintaining a smooth internal
diameter for the solvent's direct flow and proper liquid distribution in the column.
During continuous flow, a final silica layer above the cotton layer was added to act as
support and prevent the adsorbent from floating.

The column was initially conditioned by passing pure n-hexane only. The column'’s
stopper controlled the eluent solution's flow rate. Eluent samples at specific intervals
(100 mL) were collected in a volumetric flask initially. However, in columns equipped
with a fraction collector during purification, 5 mL of eluent at regular intervals were
collected using the collector.

Fresh eluents from different collectors were gathered in sets of five, and thin-layer
chromatography (TLC) was conducted using a suitable solvent system to assess the
similarity or dissimilarity of compounds based on their R¢ values and spots. Gradually
increasing the polarity of the gradient solvent system and examining the nature of
bands, each unit's TLC profiling was concentrated using a rotary evaporator. Finally,
the concentrated eluents were grouped for further purification.

In cases where the eluent system showed no compounds during TLC profiling, the
polarity was increased. Eluent tests were conducted to confirm how effectively the
particular solvent system eluted various compounds at varying flow rates.

3.4.2 Column chromatography of ethylacetate fraction

For the isolation of compounds thin layer chromatography (TLC) of all the fractions
was carried out. Based on the TLC profiling of the fractions the ethylacetate fraction of
Z. armatum was column chromatographed. This column was packed with a wet slurry
of silica as adsorbent as discussed above. The portion of ethylacetate fraction 100 g was
homogeneously mixed with silica and dried packed for isolation. It was then loaded
into column size (28x5.6 cm) silica gel (230-400 mesh size, Merck, Darmstat,
Germany) with n-hexane: dichloromethane: methanol solvent system as eluent in
gradient polarity. Starting from n-hexane (10L), various gradient systems of n-hexane:
dichloromethane (1%, 3%, 5%, 7%, 10%, 12%, 15%, 20%, 25%, 30%, 40%, 50%, 50%,
70%, 80%, 90%, 100%) and were finally washed with 1% methanol: dichloromethane

up to 5% in the primary column. This yielded 8 major fractions.
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Zanthoxylum armatum
EAF 100 g, Za-B

Column chromatography
Silica gel
Hexane,DCM, MeOH

Y Y \i Y ] |

Fr1-10 Fr 11-15 Fr16-25| [ Fr26-35 Fr 36-45 Fr 46-56 | [Fr57-66 ] [Fr 58-65
Za-BO Za-BA Za-BB Za-BC Za-BD Za-BE Za-BF Za-BG

Figure 11: Scheme of isolation of Z. armatum

3.4.3 Isolation and purification of compounds from sub-fractions

The isolation step was initiated based on the TLC profiling of these 8 major fractions
on the precoated silica gel sheets (60F 254, E. Merck) detected under UV light at 254
nm and 366 nm for nature and the number of spots. Those fractions having measurable
retention factor (Ry) as calculated from the formula below of their constituents during
TLC were processed for isolation using column chromatography. Column
chromatography was conducted on these major fractions (Fr 46-56), Za-BE weighing
20 g, fraction (Fr-11-15), Za-BA weighing 25 g, and fraction (Fr 58-65) Za-BG
weighing 20 g.

Retention factor Ry = Distance travelled by the compound/ Distance travelled by the solvent front

)] Isolation of compounds: Compounds 1 and 2 were isolated from the
fraction (Fr-46-56). The detail of the isolation scheme of compounds 1 and

2 is presented in Figure 12.
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Fr 46-56, Za-BE

Column
chromatography
Hexane:EtOAc

Sub-Fr 1-4 (Sub-Fr 5-17 (400mg) ) Sub-Fr-18-30

CC,Saphadex LH-
20, MeOH

Y v Y

(sub Fr-1-10 (90 mg)) ( sub-Fri1-15 ) (Sub-Er 1625 (70 mg))
CC,Saphadex CC,Saphadex
LH-20, MeOH LH-20, MeOH

Y Y

[Compound 1(70 mg)] (Compound 230 mg))

Figure 12: Scheme of isolation of compounds 1 and 2 from Z. armatum

Isolation of compounds 3, 4, and 5: The fraction (Fr-11-15) with impurities
(25 g) was subjected to column chromatography using various gradients of
hexane: ethylacetate which leads to three major subfractions Al (5 g), A 2(3
g), and A 3(1.5 g). These sub-fractions were again subjected to column
chromatography that yielded compound 3 (759 mg), compound 4 (320 mg),
and compound 5 (49 mg) respectively. The isolation scheme for the
compounds 3, 4 and 5 from the Za-BA fraction is presented below in Figure
13.
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Fr11-15
Za-BA (25¢g)

Column chromatography
Si gel
Hexane:EtOAc ( 0- 20 %)

A(58) A,(3g) As(15 )
cc cC CcC
Hex:EtOAc Hex:EtOAc Hex:EtOAc
Compound 3 Compound 4 Compound 5
(759 mg) (320 mg) (49mg)

Figure 13: Scheme of isolation of compounds 3, 4, and 5 from Z. armatum

1)  Isolation of compounds 6 and 7: The polar sub-fraction Za-BG (20 g) on
column chromatography yielded sub-fractions G1, G2 and G3. Subfraction
G1 (3 g) which on successive CC with ethylacetate and hexane as eluent at
80 % yielded compound 6 (9 mg) and compound 7 (150 mg) in separate
columns. Figure 14 represents the isolation scheme of the compounds.

Za-BG
(20g)

CC,Si-gel
80% EtOAc:Hexane

l Y Y

G (3g) G, Gy(5g)
CC,Si-gel CC,Si-gel
Hexane:EtOAc Hexane:EtOAc

Compound 6 Compound 7

(9 mg) (150 mg )

Figure 14: Scheme of isolation of compounds 6 and 7 from Z. armatum
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3.4.5 Compounds isolated from Z. armatum

3.4.5.1 Tambulin (1)

This compound was obtained from the sub-fraction Za-BE (20 g) eluted at 50%
dichloromethane: n-hexane (Figure 11) was further subjected to column
chromatography hence was loaded into (60x3.5 cm) column and eluted with gradient
mobile phase of Ethylacetate: n-hexane (2, 4, 6, 8, 10, 12, 15, 20, 25 %) to obtain 3 sub-
fractions based on TLC observation. Slight impurities observed on TLC of sub-
fractions 5-17 were removed by passing the sub-fractions of the targeted flavonoid into
the Saphadex LH-20 column. Sub fraction 5 obtained from 10% Ethylacetate: n-hexane
(400 mg) afforded a semi-pure compound, which on further purification by Sephadex
LH-20 column (100x2.5cm) using methanol as an eluent yielded amorphous yellow
compound tambulin (1) (Figure 12). Observed under TLC at Rf: 0.51 on the solvent
system (35% acetone: hexane) this compound appeared as a bright yellow after staining
the developed TLC plate with 1% ethanolic solution of aluminium chloride.
Quantitative yield of the compound was 70 mg with melting point at 205° C, UV
(MeOH) nm: 367, 325, and 273 nm, IR(CHCI5): 3327 (OH), 1651 (aromatic), and 1556
(olefinic) cm™, HREI MS m/z: [M*] at m/z344.0906 (Calcd for C1sH1607 = 344.0896);
NMR. Details are presented in Table 9.

3.4.5.2 Prudomestin (2)

This yellow crystalline compound was isolated from the sub-fraction Za-BE (20 g)
eluted at 50% dichloromethane: n-hexane (Figure 11) and was further subjected to
column chromatography similar to tambulin (1). Slight impurities observed on TLC of
sub-fractions 5-17 were removed by passing the sub-fractions of the targeted flavonoid
into the Saphadex LH-20 column. The subfraction (Fr-16-25) that yielded (70 mg) on
further passing through the Sephadex LH-20 column (100%2.5cm) using methanol as
an eluent yielded yellow-coloured compound 2 (prudomestin) (Figure 12). This
compound was observed under TLC at R¢: 0.41 on the solvent system (35% acetone:
hexane) as a bright yellow after staining the developed TLC plate with 1% ethanolic
solution of aluminium chloride. The quantitative yield of the compound was 30 mg
with a melting point of 209 °C. The compound quantitatively yields 30 mg. MW: 330.29
g/mol, MF: C17H1407, UV (MeOH) nm: 367, 325, and 273 nm, IR (CHClz): 3327 (OH),
1651 (aromatic), and 1556 (olefinic) cm™, EI MS m/z: [M™*] at m/z 330.09(Calcd. for
C17H1407 = 330.29), NMR details is presented on Table 10.
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3.4.5.3 Cinnamic acid (3)

This compound was isolated from the sub-fraction Za-BG (25 g) eluted at 15 %
dichloromethane: n-hexane (Figure 10) which was further subjected to column
chromatography and loaded into (60%3.5 cm) column and eluted with gradient mobile
phase of Ethylacetate: n Hexane to obtain 3 sub-fractions A1, A2 and As. Sub fraction
Az (5g) were column chromatographed (Figure 13) using eluent as hexane Ethylacetate
which afforded needle-shaped white-coloured crystalline compound 3 (759 mg) at R«
0.51 at 10% Ethylacetate: hexane. This compound is only visible in UV. The melting
point of the compound was observed at 132 °C. The tabulated NMR is presented in
Table 11.

3.4.5.4 Cinnamic ester (4)

This compound was isolated from the sub-fraction Za-BA (20 g) eluted at 65%
dichloromethane: n-hexane (Figure 10) of the ethylacetate fraction of Z. armatum. This
sub-fraction was further subjected to column chromatography and hence was loaded
into (60x3.5 cm) column and eluted with gradient mobile phase of ethylacetate: n-
hexane to obtain 3 sub-fractions A1, A2 and As. Sub fraction Az (3g) was column
chromatographed (Figure 12) using eluent as hexane Ethylacetate which afforded
bright white crystals (320 mg) TLC visible in UV only at Rs: 0.51 at 30 % ethylacetate:
hexane. The observed melting point was 35 °C. Molecular formula: CioH100z,
Molecular mass: 162.07. Table 12 presents the details of NMR.

3.4.5.5 Isovanillic acid (5)

This compound is isolated from the sub-fraction Za-BG (20 g) eluted at 65%
dichloromethane: n-hexane (Figure 10) and was further subjected to column
chromatography hence was loaded into (60x3.5 cm) column and eluted with gradient
mobile phase of ethylacetate: n-hexane to obtain 3 sub-fractions A1, A2 and As. Sub
fraction Az (1.5 g) were column chromatographed (Figure 13) using eluent as hexane:
ethylacetate which afforded compound 5 (49 mg) at Rs: 0.52 at 30% ethylacetate:
hexane. It appeared as slightly brownish needle-shaped crystals with a melting point of
250 °C. Molecular formula: CsHsO4, Molecular mass: 168.04.

3.4.5.6 Isoquercetin (6)

This compound is isolated from the sub-fraction Za-BG (20 g) eluted at 65%
dichloromethane: n-hexane (Figure 10). This sub-fraction was further subjected to
column chromatography and hence was loaded into (60%3.5 cm) column and eluted
with gradient mobile phase of ethylacetate: n-hexane to obtain 3 sub-fractions Gi, G2
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and Gs. Sub fraction Gz (3 g) were column chromatographed (Figure 13) using eluent
as hexane Ethylacetate which afforded compound 6 (9 mg) at Rs: 0.61 ethylacetate:
hexane: MeOH (3:2:0.5 ml). The dark yellow-coloured compound is slightly soluble in
DMSO, Ethylacetate and methanol when warmed. Its melting point was observed at
226°C. Molecular Formula: C21H20011, Molecular mass: 448.01.

3.4.5.7 Ducosterol (7)

The sub-fraction Za-BG (20 g) eluted at 65% dichloromethane: n-hexane (Figure 10)
was further subjected to column chromatography and hence was loaded into (60%3.5
cm) column and eluted with gradient mobile phase of ethylacetate: n-hexane to obtain
three sub-fractions G1, G2 and Gs. Sub fraction Gs (5 g) was column chromatographed
(Figure 13) using eluent as hexane-ethyl acetate which afforded compound 7 (150 mg)
at 60 % ethylacetate: hexane. This white-coloured compound was soluble in pyridine
observed under TLC at Rs: 0.41 on the solvent system (35% acetone: hexane) and stains

under sulphuric acid. Molecular formula: CasHeoOs, Molecular weight: 576.86

3.4.6 Element detection of fruit pericarp powder of Z. armatum

An energy dispersive X-ray fluorescence spectrometer microanalysis technique for
elemental analysis was used to determine the metals in the sample under study
(Khoddami et al., 2013). For the determination of metals and their toxicity, EDX were
carried in the powdered fruit pericarps’ and the essential oil of Z. armatum. (Instrument:
EDX-8000, Shimadzu, Department of Customs, Nepal). EDX qualitatively and
quantitatively analyses the sample either in powder or in liquid state without
destruction.

3.5 Bioactivities determination

3.5.1 Determination of antioxidant activity using DPPH assay

Any plant sample possessing an antioxidant agent changes the purple color of DPPH to

colourless at 517 nm as represented in Figure 15 below.

OH OH OH OH

(DPPH)- + R—C=—C—R*' —— »(DPPH):H+ R—C—C—R"
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% Inhibition = (( A control- A sample)/ A control) *100%

A is the absorbance
Figure 15: Mechanism of (DPPH.) to (DPPH: H) antioxidant reaction

For the determination of DPPH activity 0.1mM DPPH solution was prepared by
dissolving 3.9 mg DPPH in 100 mL methanol in a volumetric flask wrapped with foil
paper and kept in dark and standard quercetin solution was prepared in various
concentrations from the stock of Img/mL of quercetin in methanol. Serial dilutions of
quercetin were prepared ranging from 200, 100, 50, 25 and 12.5 pg/mL. Likewise, plant
samples from stock 50 mg/mL (50% DMSO) were diluted serially from 1000, 500, 250,
125 and 62.5 pg/mL. The slightly modified protocol from (Mensor et al., 2001) was
used for the determination of antioxidant activity using a 96-well plate from a
colourimetric method. 20 pg/mL of quercetin was used as positive control and 50%
DMSO was used as a negative control. The positive control quercetin, negative control
DMSO and plant samples (100 uL) were loaded in 96 well plates in triplicate. Then 100
uL of DPPH reagent was added to each well. After initial reading, the well plate was
incubated for 30 minutes and absorbance was taken at 517 nm. The change in colour of
the DPPH solution is reflected due to the scavenging ability of the sample. The

capability to scavenge DPPH radical was calculated by using the following equation:

% Inhibition = (( A control- A sample)/ A control) *100%

where, A is the absorbance

3.5.2 In vitro antidiabetic assay

3.5.2.1 Buffer preparation

Phosphate buffer due to its high solubility in water and high buffering capacity was
used in the experiment. The buffer was adjusted to pH 6.8 at a concentration of 0.1M
using 80 mL of deionized water in a container. 1.312 g of sodium phosphate dibasic
heptahydrate and 704.3 mg of sodium phosphate monobasic monohydrate were added
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to the container and stirred. The solution was adjusted to pH 6.8 using HCI or NaOH to
a final volume of 100ml and stored for in-vitro antidiabetic assays (AAT Bioquest,
2022). Further adjustments were made to the prepared concentration on need as per the
protocol followed in specific experiments.

3.5.2.2 a-Amylase assay

For in vitro antidiabetic properties of the plants under study a-amylase inhibition
activities were carried out following the protocol (Khadayat et al., 2020). For this
phosphate buffer, 50% DMSO, Substrate CNPG3 and an enzyme of 1.5 U/mL were
used. Plant samples of 50 mg/mL were prepared in 50% DMSO and diluted to 500
gu/mL. For a-amylase inhibition activity phosphate buffer of pH 6.8.0 prepared above
was used. 80ul a-amylase at 1.5 units/mL final concentration of enzyme with various
concentrations of plants sample and 100 pul of substrate CNPG3 (0.5mM) at final
concentration prepared in phosphate buffer were used. All the experiments were
performed in triplicate with a final volume of 200 pl using 50% DMSO as negative
control and acarbose as positive control. The change in absorbance by the release of p-
nitroaniline was monitored by using a microplate reader (Epoch 2, BioTek, Instruments,

Inc., USA). For calculating a-amylase inhibition activity following formulas were used:

Acontrol - Asample

% inhibition = ( ) x 100

A control

Where Acontrol & Asample 1S the absorbance of the control (DMSQO) and sample.

3.5.2.3 a- Glucosidase assay

For the glucosidase inhibition activity of the plant samples were prepared from the stock
solution of 50 mg/mL to obtain 500 ug/mL which was then serially diluted. A phosphate
buffer of pH 6.8 prepared was used in the experiment.

The a-glucosidase activity of plant extracts was calculated by the method described by
(Fouotsa et al., 2012) with slight modification. Different concentrations of 20 uL plant
sample were mixed with 20 puL enzyme (0.2 U/mL) and 120 pL of phosphate buffer
solution (pH 6.8) and pre-incubated at 37 °C for 15 minutes. Then 40 pL of 0.7 mM of
substrate PNPG was added. Finally, after 30 minutes the a-glucosidase activity was
determined by measuring the p-nitrophenyl released from the hydrolysis of p-
Nitrophenyl a-D glucopyranoside at 405 nm. Acarbose was used as a positive control
and 30% DMSO as a negative control. All the experiments were performed in triplicate
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in a final volume of 200 pL, using a microplate reader. The percentage of a-glucosidase
activity was calculated by the following formula.

Acontrol - Asample

% inhibition = ( ) x 100

A control

Where Acontrol aNd Asample represents the absorbance of the control (DMSO) and sample.
3.5.3 In-vitro antifungal bioassay

In vitro, antifungal bioassay was performed with minor changes on predesigned
protocol (Ayatollahi et al., 2010) with a concentration of sample as 3000ug/mL of
DMSO with an incubation time of 7 days and temperature of 27°C. Seven different
fungi used were Trichophyton rubrum, Candida albicans, Aspergillus niger,
Microsporum canis, Fusarium lini, Candida glabarata and Aspergillus fumigatus. The
standard drugs used with minimum inhibitory concentration Miconazole (MIC; 70
pg/mL), Miconazole (MIC: 110), Amphotericin B (MIC: 20), Miconazole (MIC: 98.4),
Miconazole (MIC: 73.25), Miconazole (MIC: 110.8), Amphotericin B (MIC: 100)
recorded for particular fungus.

3.5.4 Microplate alamar blue assay (MABA)

For antimicrobial activity, Alamarblue assay is used in which resazurin dye is used.
Resazurin is a blue, non-fluorescent compound that is reduced to resorufin, a pink and
highly fluorescent compound, in the presence of metabolically active cells. This color
change and fluorescence shift can be quantitatively measured, making the assay useful
for evaluating antimicrobial activity, as it can indicate the metabolic activity and
viability of cells in response to antimicrobial agents. Five different bacteria were used
for this assay Escherichia coli (ATCC 25922), Bacillus subtilis (ATCC 23857),
Staphylococcus aureus (NCTC 6571), Pseudomonas aeruginosa (ATCC 10145) and
Salmonella typhi (ATCC 14028). Standard drug Ofloxacin of 10 mg at a concentration
of 100 pg/mL was used. The amount of extract used was 60 mg at 3000 pg/mL
concentration. Further dilution was carried out based on the primary screening result
for calculating MIC values.

3.5.5 Insecticidal activity by contact toxicity method

The insecticidal activity of the hexane fraction extracted from Z. armatum was observed
using the contact toxicity method following the predesigned protocol (Atta-ur Rahman
et al., 2001) against three insect species: Tribolium castaneum, Sitophilus oryzae, and

Rhyzopertha dominica. The hexane fraction was applied at a concentration of 2038.20
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pg/cm?. As a reference, the standard drug permethrin exhibited 100% activity against
the tested insects at the concentration of 239.50 pg/cm?.

3.5.6 Anti-inflammatory activity

The anti-inflammatory activity was tested by the luminol-enhanced chemiluminescence
assay as described by Helfand (Helfand et al., 1982). In short, 25 pL of diluted whole
blood HBSS++ (Hanks Balanced Salt Solution, containing calcium chloride and
magnesium chloride) [Sigma, St. Louis, USA] was mixed with 25 pL of three different
concentrations of compounds each in the triplicate and was incubated. HBSS++ and
cells were added to the control wells, but no compounds were added. The experiment
was carried out in a white half-area 96 well-plate [Costar, NY, USA], which was
incubated for 15 minutes at 37°C in the thermostat chamber of a luminometer
[Labsystems, Helsinki, Finland]. After incubation, 25 pL of serum opsonized zymosan
(SOZ) [Fluka, Buchs, Switzerland] and 25 pL of luminol [Research Organics,
Cleveland, OH, USA], an intracellular reactive oxygen species detecting probe, were
added to each well except blank wells (containing just HBSS++). A luminometer was
used to measure the amount of ROS in terms of relative light units (RLU).

3.5.7 Cytotoxic studies

The standard MTT (3-[4, 5-dimethylthiazole-2-yl]-2, 5-diphenyl-tetrazolium bromide)
colorimetric assay was used to assess compound cytotoxicity in 96-well flat-bottomed
microplates (Mitra et al., 2016). HeLa cells (Cervical Cancer) were cultured in 75 cm?®
flasks in Minimum Essential Medium Eagle, supplemented with 5% foetal bovine
serum (FBS), 100 IU/mL penicillin, and 100 g/mL streptomycin, and kept in a 5% CO2
incubator at 37°C. Cells that were exponentially growing were harvested, counted with
a haemocytometer, and diluted with a specific medium. Cell culture was prepared at a
concentration of 6x10* cells/mL and introduced (100 pL/well) into 96-well plates. After
overnight incubation, the medium was removed and 200 pL of fresh medium with
varying concentrations of compounds (1-30uM) was added. After 48 hrs, 200 uL MTT
(0.5 mg/mL) was added to each well and incubated further for 4 hrs. Afterwards, 100
ML of DMSO was added to each well. The absorbance at 570 nm of a microplate reader
(Spectra Max Plus, Molecular Devices, CA, USA) was used to calculate the extent of
MTT reduction to formazan within cells. The cytotoxicity was measured as the
concentration that inhibited HelLa cell growth by 50% (ICso). The percent inhibition
was calculated by using the following formula:
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% Inhibition = 100-((mean of O.D of test compound — mean of O.D of negative control)/ (mean of O.D

of positive control — mean of O.D of negative control)*100)

The results (% inhibition) were processed by using Soft- Max Pro software (Molecular
Device, USA)

3.5.8 Computational molecular modeling

This study is carried out for the interactions and behavior of molecules at the atomic
and molecular levels. Molecular docking focuses on predicting the preferred orientation
of one molecule to a second when bound together, while simulation studies the dynamic
simulation of molecular systems over time. Together these methods provide valuable
insights into the structure, function, and interactions of these biomolecules. Thus, the
isolated flavonoids were further studied for their additional parameters using molecular
docking. Further to ensure the safety of a candidate drug its effectiveness and favorable
pharmacokinetic profile for therapeutic use analysis of properties such as absorption,
distribution, metabolism, excretion, and toxicity (ADMET) were carried out of
compounds 1 and 2 for ROS inhibition. Likewise, molecular docking and simulation
studies of compound 2 for the insulin target were carried out in the central department
of chemistry and physics.

3.5.8.1 Molecular docking and ADMET analysis of (1) and (2)

3.5.8.2 Preparation of protein and ligands

The three-dimensional structure of Cyclooxygenase-2 (prostaglandin synthase-2)
complexed with a selective inhibitor SC-558 (PDBID: 1CX2) was retrieved from the
protein data bank (PDB) (https://www.rcsb.org/) in .pdb format. The protein was
prepared using chimeraX and autodocktools-1.5.6. All the co-crystallized ligands, non-
standard residues, and water molecules were removed from the protein. In addition, the
polar hydrogens and Kollman charges were added to it and saved in .pdbgt format for
molecular docking. The ligands were prepared using Avogadro and autodocktools-
1.5.6. The 3D structures of 1 and 2 and the standard ibuprofen were downloaded from
PubChem (https://pubchem.ncbi.nlm.nih.gov/) in .sdf format. The downloaded ligands
in .sdf format were first converted to .pdb format using Avogadro after optimizing
geometry. Then, they were converted into .pdbqt format.

3.5.8.3 Protein active site prediction and molecular docking

The active binding site of the downloaded protein was predicted using the biovia
discovery studio. After determining the perfect binding site of the enzyme, a grid box
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was set to 20 x 20 x 20 with spacing 0.375A and the center set to x = 25.720, y =
28.054, and z = 7.827. All the target proteins, ligands, and grid box center data were
saved as a configuration.txt file. Lastly, molecular docking was performed using
autodock vina (Trott & Olson, 2010). In the context of bioactive compounds, the
conformation of the ligand with the lowest affinity was considered the most stable
conformation. Biovia Discovery Studio was used to analyze the result.

3.5.8.4 Validation of molecular docking

The molecular docking protocol was validated by isolating the SC-558 ligand from the
protein (1CX2) and redocking in the same position. The lowest energy pose on
redocking was chosen to superimpose the previous bind position of the ligand, and its
root mean square deviation (RMSD) was calculated.

3.5.8.5 Drug likeness and ADMET analysis

The compounds were subjected to the drug-likeness test. Lipinski’s rule of 5 (ROY),
Ghose, Veber, Egan, and Muegge’s rules were applied to test the drug-likeness of the
compounds (Egan et al., 2000; Ghose et al., 1999; Lipinski et al., 2012; Muegge et al.,
2001; Veber et al., 2002). The drug-likeness was tested using SwissADME, and
pkCSM web server (Daina et al., 2017; Pires et al., 2015). Additionally, molinspiration
webserver was used to determine the enzyme inhibitor mol inspiration bioactivity score.
3.5.8. 6 Molecular docking and simulation of compound 2 for the insulin target
Molecular docking and molecular dynamics modelling were done with SUR of the
pancreatic ATP-sensitive potassium channel to understand the molecular behavior of
prudomestin (Hawkins et. al, 2010). Using Schrédinger's Maestro's 2D sketcher, the
ligand structures were sketched and transformed into a low-energy 3D state
(Schrodinger Release, 2023). The ligand structures were prepared using Open Eye
Scientific Software, where the Omega module was used to generate possible
conformers (Hawkins et. al, 201°0). The structure of the pancreatic ATP-sensitive
potassium channel along with SUR (PDB: 6JB1) was obtained from the RCSB protein
data repository and was prepared using Open Eye Scientific's Spruce module (Ding et
al, 2019). Our goal was to dock ligand on the SUR subunit. Therefore, only the H chain
of the SUR of the Katp channel was used for molecular modeling. A receptor was made
by integrating the co-crystallized ligand, and it was docked using Fred from Open Eye
Scientific Software (Mc Gann, 2011).

To study the molecular dynamics behavior of the protein-ligand complex, a 500 ns
molecular dynamics simulation was performed using Academic Desmond 2019
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(Bowers et. al, 2006). By default, under orthorhombic periodic boundary conditions
with a buffer region of 10 A, the molecular system was solvated using the explicit
solvation model (SPC). To neutralize the system, Na™ and CI ions were used in the
system builder. By doing a short-duration simulation and minimization, the system was
made more relaxed. In the NPT ensemble, to maintain the temperature and pressure at
300 K and 1.01325 bar, the Noose-Hoover thermostat method and the Martyna-Tobias-
Klien barostat method were employed, respectively. In the dynamics study of bonded,
near, and far bonded interactions, a multiple-time step RESPA integrator was used.
3.6 Essential oil from the fruit pericarp of Z. armatum

3.6.1 Quantity-based extraction of essential oil

The matured fruits of the plants were collected from the commercial sites of Salyan
Surkhet and Myagdi. Fruits weighing 250 g were hydro-distilled for three hours in the
Clevenger apparatus.

3.6.2 Gas chromatography-flame ionization detection (GC-FID)

Thus, obtained essential oils of the fruit pericarp of Z. armatum were analyzed through
Gas chromatography-flame ionization detection with a previously reported
methodology by Lawson et al., 2021 with similar operating conditions for GC-MS
using Shimadzu GC 2010 with flame ionization detector, and column ZB-5GC. Raw
peak areas were used for the determination of percentage composition without
standardization.

3.6.3 Chiral GC-MS

Determination of chiral GC-MS was followed with a Shimadzu GCMS-QP2010S
instrument, and a Restek B-Dex 325 column of length 30 m, diameter of 0.25 mm, and
film thickness of 0.25 um) at the temperature setting of injector and detector at 240 °C.
Helium is a carrier gas with a column head pressure of 53.8 kPa and a flow rate of 1.00
mL/min. The oven temperature program for gas chromatography was set as 50 °C
initially, with a hold time of 5 min, and the ramp rate increased 1.0 °C/min to 100 °C,
then increased 2.0 °C/min to 220 °C. Injection parameters were 0.3 pul, 5% essential oil
in dichloromethane (spit mode, 24:1). Comparing the retention times with authentic
samples from Sigma-Aldrich (Milwaukee, WI, USA) distribution of enantiomers was
calculated.

3.7 GC-MS of hexane fraction

Characterization of the n-hexane fraction of Z. armatum obtained from hydroethanolic
extract was carried out using the triple Quadrupole Acquisition method using Agilent
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technologies 7000 GC-MS triple quadrupole system (MS-7000, GC 7890A) and a
ZEBRONZB-5HTcolumn of dimension 30mx 320 umx0.25 um at 400 °C. In Front SS
inlet He was used and vacuum outlet. The oven was equilibrated for 5 minutes, at 60
°C, with a run time of 72 minutes and a temperature program of 8 °C/min increased to
240 °C for 20 minutes and then increased to 300 °C at a rate of 15 °C/minute for 5
minutes. The volume of the injected sample was 1.5 pL.

3.8 Pharmacological studies on Z. armatum extract

For pharmacological studies, two different animal species were used. Healthy Long
Evans Rats and Swiss Albino mice for toxicity studies. Further, after dose fixation
studies comparative dose variant studies were carried out on type Il diabetic model rats
prepared.

3.8.1. Toxicity studies on Z. armatum extract

3.8.2 Animal model preparation

This study used adult Long Evans Rats weighing (170-220) g and Swiss Albino Mice
40 g. The animals were bred at the Bangladesh University of Health Science animal
house in Dhaka, Bangladesh, where they were kept at a constant room temperature of
22°C, with humidity of 40-70%, and a natural 12-hour day-night cycle. The experiment
was carried out following the Bangladesh Association for Laboratory Animal Science's
ethical guidelines.

Animals with similar metabolic properties and consecutive effects serve as models in
the research of toxicity in drug discovery. Mostly rodents such as mice and rats are
involved in such studies since they reflect diverse information with associated
complications (Chatzigeorgiou et al., 2009). Both LER and SAM were used as model
animals for extract toxicity in this study as they share similar metabolic and signaling
pathways with the humans, referring to suitable generalization (lannaccone & Jacob,
2009). In general, an adult LER ranges its body weight around (191-270) g and SAM
around (30-49) g. Housing includes a constant temperature of (22 + 1 °C) on a 12-hour
light/dark cycle with free access to water and nutritionally supplied with typical
commercial food pellets in calculated amounts. The investigation was according to the
guide for the care and use of laboratory animals (1996) followed by ARRIVE guidelines
for reporting animal research during manuscript preparation (Kilkenny et al., 2010).

All these experimental parameters were according to the guidelines prescribed.
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3.8.3 Animal grouping and dose preparation

Acute toxicity studies of the hydroethanolic extract of Z. armatum were performed
based on ARRIVE guidelines (OECD, 2002) with slight modifications in two different
animal species. Thirty healthy Swiss Albino Mice and thirty Long Evans Rats were
used for the study Table 5 below. The single dose of hydroethanolic extract of Z.
armatum fruit pericarp was fed orally following the dose fixation method in geometric
ratio starting from 200 mg/kg bdwt, 400 mg/kg bdwt, 800 mg/kg bdwt, 1600 mg/kg
bdwt to 3200 mg/kg bdwt on both animal species SAM and LER. The observations
every 10 minutes for the first 3 hours include changes in behavior, signs of toxicity, and
immediate mortality. Later on, hourly observations, and during the feeding period until
14 days were carried. Changes in body weight, feeding habits, and vital organs
observation by histopathology for any toxic impressions were major experimental
parameters. For the species in which mortality was observed half lethal dose (LDso)
was calculated using Lorke’s method. Grouping of SAM and LER five in each group
was done. The grouping of SAM and LER with their calculated dose for feeding is
presented in Table 5 below.

Table 5: Experimental groups for extract toxicity

Groups Swiss Albino Mice Long Evans Rats
(Water control n=5 (M) n=5 (M)
(11)200 mg n=5 (M) n=5 (M)
(111)400 mg n=5 (M) n=5 (M)
(1V)800 mg n=5 (F) n=5 (F)
(V)1600 mg n=5 (F) n=5 (F)
(V1)3200 mg n=5 (F) n=5 (F)

3.8.4 Acute oral toxicity study

Models utilized for administering test substances, whether chemically induced, drug-
induced, metal-induced, radiation-induced, or genetic, constitute the fundamental
aspects of hepatotoxicity (Bhakuni et al., 2016). The present study adhered to the
ARRIVE guidelines with slight modifications and involved both male and female rats
and mice. A total of 15 female and 15 male rats and mice were included in the study.
Before grouping, an initial body weight was recorded for each animal, with five animals
assigned to each of the six groups (I to VI). A week was dedicated to acclimating the
animals to the environmental conditions. Grouping was based on the same sex to avoid

complications related to pregnancy. The animals were provided with the calculated
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amounts of normal food and water supply. The feeding dose of the ethanoic extract was
prepared by dissolving the predetermined amount of extract per kg in 10 mL of water,
administered after an overnight fast.

Observations were conducted individually during the initial four hours of feeding to
identify critical symptoms of toxicity and mortality. Subsequent observations were
made twice daily in the morning and evening during the days of food and water supply.
Physical observations included monitoring behavioural changes, clinical signs of
toxicity, delayed mortality, and specific parameters such as fur condition, mucus
production, vomiting, respiratory depression, piloerection, sedentary and lethargic
behaviour, food and water consumption habits, socializing behaviour, coma, and
seizures.

On the 13" day of the experiment, both rats and mice were fasted overnight and then
euthanized using halothane. Blood samples were collected through heart puncture.
Organ-to-body weight changes were considered important indicators in toxicity studies
(Michael et al., 2007). Vital organs such as the heart, lungs, kidneys, pancreas, and
spleen were dissected, defatted, observed macroscopically for visible abnormalities and
lesions, weighed to obtain absolute organ weight, and finally preserved in a 10%
formalin solution for histopathological observations. Changes observed during the
experiment were calculated for those recorded, as organ weight serves as a reliable
parameter in toxicity studies (Michael et al., 2007).

The relative organ weight of all vital organs was calculated using the equation below:
Weight on the 13™ day final weight (Fw) and initial weight (Iw).

Body weight (%) = ( Fw-Iw /lw) x100

Relative organ weight (%) = (Organ weight/ Fw rat/mice on sacrifice day) <100

Food consumed (gm) = (Calculated food supplied- leftovers after 24hours) gm

Water consumed (mL) = (Calculated water supplied-remaining after 24 hours)

Consumption pattern = (Food consumed by particular group-food consumed by control)

Water consumption pattern = (Water consumed by particular group-water consumed by control)

3.8.5 Parameters of observations

For the evaluation of the toxic effects of crude hydroethanolic extract Z. armatum

following parameters of normal Swiss Albino Mice and Long Evans Rats were

observed:
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» Change in body weight

» Food intake and water intake

» Relative Organ Weight

» Histopathological observation of vital organ
3.8.6 Determination of lethal dose of hydro-ethanoic extract of Z. armatum
After monitoring both animal models for two weeks, the toxicity of the extract as
observed in the lethality of the species was assessed for the calculation of the Lethal
Dose (LDso) based on the formula suggested by Lorke (Lorke, 1983) as outlined below:
L Dso= VDox D100
Do=Highest dose that gave no mortality
D10o= Lowest dose that produces mortality within 24 hours of drug administration
3.9 In vivo antidiabetic properties of Z. armatum
3.9.1 Animal models
Adult long Evans rats of type Il diabetic model (T2DM) were used for the antidiabetic
study of plant extract. On average, all the diabetic rats weighing 170-220 g were used
in this study.
3.9.2 Preparation of type Il diabetic model rats
A single intraperitoneal injection of streptozotocin (STZ) in citrate buffer (pH 4.5) at a
dose of 90 mg/kg body weight into rat pups (48 hrs old, average weight 7 gm) simulated
for preparing type Il diabetic model rats. After three months of STZ injection, rats'
blood glucose levels were measured using an oral glucose tolerance test (OGTT). At
fasting, rats with blood glucose levels of 7.00 mmol/L and higher were chosen for the
study of the effect of hydroethanolic extract of Z. armatum. The rats were fed a standard
laboratory pellet diet and given free access to water. Wheat (40%), wheat bran (20%),
rice polishings (5%), fish meal (10%), oil cake (10%), gram (3.9%), pulses (3.9%), milk
(3.8%), soyabean oil (1.5%), molasses (0.95%) and salt (0.95%) were all included in
the standard rat pallet.
3.9.3 Formulation of gliclazide and Z. armatum doses
The standard drug gliclazide was used as a positive control in this study. Gliclazide was
prepared and administered orally at a dose of 20 mg per 5 mL of solvent (Water + a few
drops of 1N Sodium Hydroxide)/kg body weight of T2DM rat models. To assess the
antidiabetic activity, the hydroethanolic extract of Z. armatum was administered orally

to rats for 4 weeks at a dose of 1.25 g/kg body weight. However, as all the rats fed with
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the extract died within the first week the experiment design Ist was changed to
determine the toxicity of the extract and to progress the research with a different dose.
3.9.4 Route of administration

Standard drug gliclazide was administered orally to Type 2 diabetic model rats at a dose
of 20 mg/5 mL/kg body weight for the pharmacological studies and extract of 1.25 g/kg
body weight as per the protocol determined in the first chronic experiment. The second
set of the protocol used the extract with 25 mg/kg (ZaE1l) bodyweight and 50 mg/kg
(ZaE2) bodyweight, distilled water was fed to the control groups.

3.9.5 Experimental Design |

A total of 24 (Normal and type 2 diabetic model) rats were used in this 28-day chronic
experimental period with each group containing six rats. Table 6 below illustrates the
grouping and feeding doses in each classified group.

Table 6: Experimental groups design Ist for antidiabetic studies

Categories Feeding

Group | Normal water control [10mL/kg]

Group Il Type 1l water control [10mL/kg]

Group 111 Type Il glicazide control [20mg/5mL]

water+fewdrops of 1N NaOH/kg bdwt

Group IV Z. armatum 1.25g/kg bdwt.

The experimental design | couldn’t be completed as designed. The lethality was
observed in the type Il model rats during the initial week of the feed dose. Different
symptoms such as altered locomotor activity due to difficulty in coordinating
movements, and neurological symptoms such as tremors, seizures, ataxia, wheezing,
and labored breathing with decreased consumption of food and water were observed
after the feeding of extract of calculated doses on the type Il model rats.

3.9.6 Experimental Design 11

To elucidate the hypoglycemic effect after toxicity studies of the chronic experiment in
diabetic model rats on the final doses 25 mg/kg body weight (ZaE1) and 50 mg/kg body
weight (ZaE2) on STZ-induced type 2 diabetic model rats, an investigation was carried
out on groups of thirty Long Evans Rats for 28 days period. Sulfonylureas drug
gliclazide was used as standard.
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The experimental groups consist of five categories with six rats in each group. Group
first of non-diabetic water control and other all groups were diabetic models selected
randomly for four different groups. Group | non-diabetic water control (NWC), group
Il diabetic water control (DWC), group Il gliclazide treated (GT), group IV extract
dose of ZaE1, and group V extract dose of ZaE2 are depicted in Table 7 below.

Table 7: Grouping and feeding doses per group in experimental design Il

Grouping Feeding doses

NWC (n=6) Normal water control group, water administered [10 mL/kg]

DWC (n=6) Type Il diabetic model rats water control group, water administered [10 mL/kg]
GT (n=6) Type Il diabetic model rats positive control gliclazide treated group administered [20

mg per 5 mL of solvent (Water +few drops of 1N Sodium Hydroxide )/kg body

weight]
ZaEl (n=6) Z. armatum treated group (25 mg/kg body weight)
ZaE2 (n=6) Z. armatum treated group (50 mg/kg body weight)

3.9.7 Collection of blood samples for biochemical analysis

Blood samples were obtained from rats that had undergone a 12-hour fast a day before
the start of the experiment, utilizing tail-tip amputation under diethyl ether anesthesia.
Blood collection occurred four times at 30-minute intervals. To facilitate vasodilation,
the tail was briefly immersed in warm water (approximately 40 °C) for 30-40 seconds
before amputation. Careful extraction of 0.2 mL of blood from the tail tip was
performed and deposited into a microcentrifuge tube to prevent hemolysis.

On the 28th day, following the decapitation of the animals, blood was collected from
their hearts through cardiac puncture. The collected blood samples underwent
centrifugation at 2500 rpm for 15 minutes, and the resulting serum was carefully
separated into additional microcentrifuge tubes for subsequent biochemical analysis. A
volume of 100 pl of serum was then frozen at -20 °C until the time of analysis.

3.9.8 Recording of body weight

All the rats were maintained under identical environmental conditions with access to
sufficient food and water ad libitum throughout the experimental period. Different
groups of rats were fed with their respective treatment and the body weights of each rat
were measured weekly.

3.9.9 Biochemical analysis

For the evaluation of anti- diabetic effects of Z. armatum the following parameters of

type 2 diabetic model rats were measured:
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» Serum glucose was measured by glucose oxidase (GOD-PAP) method using a
micro-plate reader (Bio-Tec, ELISA).

» Serum total cholesterol by enzymatic colorimetric (Cholesterol Oxidase/

Peroxidase.
CHOD-PAP) method (Randox Laboratories Ltd., UK), using autoanalyzer,
AutoLab.

» Serum triglyceride (TG) by enzymatic colorimetric (GPO-PAP) method
(Randox

Laboratories Ltd., UK) using autoanalyzer, AutoLab.

» Measurement of glycogen from rat liver by (standard Method) Anthrone-
sulphuric acid method.

» Serum insulin by Rat Insulin enzyme-linked immunosorbent assay (ELISA)
method. (Crystal Chem Inc., USA).

3.10 Extraction of S. wallichii and S. coriacea

Aerial part of S. wallichii Staph. Were collected from Dhampus (Kaski, Nepal) and
identified at the Central Department of Botany, Tribhuvan University, Kritipur,
Kathmandu, Nepal. A voucher specimen (No: SW-06) was deposited in the same
department. The methodological framework for the extraction of S. wallichii is
presented below in Figure 16. A similar scheme of extraction and fractionation was
carried out for the S. coriacea roots, the basic and the neutral fractions Sc-B and Sc-N
of this fractionation part were accessed for various bioactivities as the continuation of

the previous research activity of the team.
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Sarcococca wallichhi
(4 Kg, whole plant)
Extracted with

80% MeOH-H,0
60 L

Crude extract
(450 g)

Suspended in distilled water

Extraction with hexane
(20L)

G—Iexane fraction,50.0 g, Sw-H) CAqueoulEXtraCt )
Extraction with DCM
20L)

Aqueous extract

(DCM fraction 6 g, Sw-D)

Basified with NH,OH, pH=9-10
Extraction with DCM, (20L)

@CM fraction, 4 g, Sw-C )

Figure 16: Methodological framework of extraction and fractionation of S. wallichii

3.11 Extraction of S. coriacea leaf and stem

S. coriacea aerial part was collected from Kathmandu district, Kritipur Municipality,
Champadevi-4, and verified as S. coriacea (Hook F.) at National Herbarium & Plant
Laboratories (KATH) voucher no: JB (100). Air-dried, whole plants (3 kg) of S.
coriacea were separated into leaves and stems manyally. The aerial part of the stem and
leaves of 3 kg was separated into 2 kg of leaf and 1kg of the stem which was extracted
with 80% methanol/water (8 L) to obtain 156 g of leaf extract and 59 g of stem extract.
The concentrated extract is preserved under 4°C for biological activities. The

methodological procedure for the extraction scheme is presented below in Figure 17.
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Sarcococca coriacea
(3 kg aerial part)

leaf (2 kg) Stem (1 kg)
Extracted with Extracted with
80% MeOH-H,0 80% MeOH-H,0
8L 4L

leaf extract 156 g Stem extract 59 g

Figure 17: Extraction scheme of S. coriacea
3.12 Column chromatography and compound isolation from S. wallichii staph.

Hydromethanolic extract 80% of 450 g was defatted using hexane that yielded 50.0 g
coded as Sw-H. To obtain the neutral fraction aqueous layer was then re-extracted with
dichloromethane that yielded 6 g coded as Sw-D. Some portion of this neutral fraction
(Sw-D) of S. wallichii 4 g were column chromatographed using silica gel, as eluent
hexane and acetone with a drop of diethyl amine. Various sub-fractions were recovered
at the first column using up to 10 % acetone: hexane with few drops of diethylamine.
The probable sub-fractions were again column chromatographed which yielded
compounds (8), (9) and (10) in measurable quantities. Likewise, fraction 57-66 (350
mg) yielded 3 sub-fractions A1, A2, and A3. The sub-fraction A2 was chromatographed
using neutral alumina which yielded a compound 11 (15 mg). The staining reagents

used for developed plates of TLC were dragendroff, sulphuric acid and anisaldehyde.
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Sarcococca wallichii DCM fraction 4 g

Column chromatography
Silica gel
Hexane,Acetone,

Drops of DEA

Y

{ Fr1-10 } { Fr11-15] [2%Fr16-25][ 3% Fr 26-35 ][ 5%Fr36-45][7%Fr46-56 ] [ Fr 57-66 ]

CC hexane: CC hexane: CC hexane:
acetone drop acetone drop acetone drop
of DEA of DEA of DEA

Compound 9| (" Compound 10) |Compound 11
(40mg) (53 mg) (25mg)

Figure 18: Scheme of isolation of compounds 9, 10, and 11 from S. wallichii

Fr 57-66 (350 mg)

Column chromatography C2
Silica gel

Hexane,Acetone 5%

drop of DEA

Y
Az (75 me)
cc

Neural alumina
Hexane:EtOAc

Y

Compound 8
(15 mg)

Figure 19: Scheme of isolation of compound 8 from S. wallichii
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3.13 Compounds isolated from S. wallichii

3.13.1 Na-methylepipachysamine D (8)

The sub-fraction (Fr-57-66) 1.5 g eluted at 5% hexane: acetone (Figure 19) was further
subjected to column chromatographed hence was loaded into (60x3.5 cm) column and
eluted with gradient mobile phase of hexane: acetone with few drops of diethylamine
(2, 4, 10 %) to obtain three sub-fractions A1, Az, and Az based on TLC observation.
Subfraction Az was column chromatographed using neutral alumina as adsorbent with
solvent system hexane: ethylacetate. Compound 8 was yielded which was visible at UV
at Rf 0.53, eluent on TLC (4 mL MeOH 0.5 mL acetic acid: drop of water). It was
stained by Dragendroff reagent. The quantitative yield for the compound was 15 mg.
The EI MS showed the M™ at m/z 464, base peak at m/z 72, and other fragment peaks
at m/z 105, and 136. The *H-NMR spectrum exhibited the occurrence of two up-field
singlets at 6 0.67 and 0.78 assigned for C-18 and C-19 angular methyl’s, separately. A
doublet at 6 1.18 (J21, 20 = 6.5 Hz) was due to C-21 methyl protons. The NMe> protons
have appeared at 6 2.26. Two broad multiplets at & 3.43 and 4.43 were attributed to H-
20 and H-3 protons, respectively. The N-Me protons also appeared as a singlet at 6 2.58.
The downfield signals between & 7.24 -7.36 were allocated to the aromatic protons.
The broad-band decoupled (BB) *C-NMR spectra of the compound presented
resonances for 31 carbons. The structure of the compound was further established by
using 2D-NMR (HMQC, COSY, HMBC). The crystal of the compound was studied
using the X-ray diffractometer, the Bruker D8 Venture, with a Photon 100 detector
using Cu Ka radiation. SAINT program was used for data collection and reduction and
3D molecular structure representation was generated using ORTEP-3 (Malik et al.,
2021). Characterization of the isolated compound was carried out at H.E.J. research
institute of Chemistry, ICCBS, University of Karachi, Pakistan.

3.13.2 Taraxerol (9)

Compound 9 was obtained as a white amorphous from the 3% Fr(26- 35) acetone
/hexane (Figure 18)under silica gel as adsorbent under column chromatography which
was again column chromatographed to obtain 40 mg. The compound was UV inactive
but appeared as a single black spot at Rs: 0.70 after spraying with ceric sulphate. The
solvent system used for TLC was 0.7 mL acetone: 4 mL hexane and 2 mL ethylacetate:
4 mL hexane. The melting point was observed at 285 °C. EIMS spectrum showed M+
at m/z 426, and other fragment peaks at m/z 411, 302, 287, 204, and 135. The details
of NMR is presented on Table 33.
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3.13.3 p-sitosterol (10)

This compound 10 was obtained as a white crystalline compound after purification.
Obtained from the 5% Fr (36- 45) (Figure 18) acetone/hexane under silica gel column
chromatography. The sub-fraction was again column chromatographed to obtain 53 mg.
This compound was UV inactive but appears as a single black spot at Rs: 0.50 after
spraying with ceric sulphate. The solvent system used for TLC was 0.5 mL acetone: 3
mL hexane. The melting point was observed at 135 °C. EIMS spectrum showed M™ at
m/z 414, and other fragment peaks at m/z 414, 396, 381, 329, 303, 289, 273, 255, and
231. The compound gave a positive test for steroids (both positive tests for Salkowskis
and Liberman- Buchard). The chemical shift values of NMR match with previously
reported compounds in literature (Patra et al., 2010).

3.13.4 Oleanolic acid (11)

This compound 11 was isolated as a white amorphous form from 7% (Fr-46-56),
(Figure 18) of S. wallichii. On repeated column chromatography UV invisible 25 mg
of the compound was obtained. The compound was spotted as a single spot at R¢: 0.52
on staining with sulfuric acid on the solvent system: 2 mL ethyl acetate: 4 mL hexane
and soluble in chloroform. Its melting point was observed at 309 ° C. The EIMS of this
compound displayed an M* peak at m/z 456 and major fragments peak at m/z 248 (96%)
and 203 (100%), indicating the oleanolic acid-type skeleton.

3.14 Spectroscopic tools and characterization

The isolated compounds were characterized by using spectroscopic tools like mass,
NMR, HRMS, and UV-Vis.

3.14.1 UV-visible spectrophotometer

Using a UV-Vis spectrophotometer (UV-2450 Shimadzu, Japan) at a suitable range of
190-400 nm and 400-800 nm the chromophoric absorption in molecules was
determined.

3.14.2 Mass spectrometry

For mass spectrometry, EI-MS spectra were obtained on El (LR) JEOL MS ROUTE
600H-1, (JEOL, Ltd, Tokyo, Japan). The EI-MS spectrum displays molecular ion peak
which gives general information about the molecular formula of the compound. The
presence of molecular ion peak with key mass fragmentation suggests probable
structure. Mass spectra were collected in the preferred solvent of choice depending on
the solubility CDCls, MeOD, and DMSO at room temperature at the University of
Karachi, Pakistan.
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3.14.3 Base peak

In the mass spectrum, the most intense peak is referred to as a base peak and is used as
the standard to measure the intensities of other ion peaks.

3.14.4 Electron impact mass spectrum

The method of electron impact mass spectrometry entails subjecting molecules to an
electron beam (typically 70 eV) to generate ions.

3.14.5 High-resolution electron impact mass spectrum

High-resolution electron impact mass spectrum furnishes precise elemental
composition details via exact mass measurements. Typically, a double—focusing mass
spectrometer is employed for this purpose.

3.14.6 Fast atom bombardment mass spectrum

Fast atom bombardment mass spectrometry, a gentle ionization technique in mass
spectrometry, serves to confirm the molecular ion of a compound as either a positive or
negative ion.

3.15 Nuclear magnetic spectroscopy

3.15.1 1D-NMR spectroscopy

H-NMR spectra were acquired on AV-400 instruments (Bruker, Switzerland). Proton-
NMR (*H-NMR) spectroscopy presents a one-dimensional spectrum, offering insights
into the electronic surroundings of the protons (*H) within the molecule. The !D-NMR
was done in the preferred solvent of choice depending on the solubility CDCl3, MeOD,
and DMSO at room temperature on 400 & 500 MHz at the University of Karachi,
Pakistan.

3.15.2 2D-NMR spectroscopy

2D-NMR Spectra HMBC, HSQC, COSY, NOESY, ROESY, and TOCSY are used in
confirming the final structure of the compound.

3.15.3 Heteronuclear multiple bond connectivity

In this HMBC experiment, a two-dimensional technique operates inversely to identify
distant, heteronuclear interactions between carbons and protons (typically *Jc-n, 2Jc-n,

33 cn).
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3.15.4 Rotating overhauser enhancement spectroscopy

It determines molecular confirmation and stereochemistry by analyzing the spatial
proximity of protons, facilitating an exchange of transverse magnetization between the
interacting nuclei.

3.15.5 Total correlation spectroscopy

TOCSY is used to identify long-range *H/*H correlations within a spin system.

3.15.6 Heteronuclear multiple quantum coherence

Heteronuclear multiple quantum coherence known as HMQC spectroscopy reveals
single bond H/*3C shift correlations.

3.15.7 Distortionless enhancement by polarization transfer

DEPT, a 13C-NMR experiment, enhances carbon signal intensities and distinguishes the
multiplicities of carbon atoms, distinguishing between CHs, CH,, and CH signals.
3.15.8 Broad-band *C-NMR spectrum

This fully decoupled broad band *3C-NMR spectrum (BB) exhibits each magnetically
distinct carbon as a singlet.

3.15.9 Chemical shift

Chemical shift, expressed symbolically by 6 in values of ppm denotes the variance
between the nucleus’s precise frequency and the carrier frequency, characterizing
different molecular environments. Chemical shift thus corresponds to the difference
between the precision frequency of the nucleus and the carrier frequency.

3.15.10 Coupling constant

In *H-NMR spectra, proton’s signals are split into multiplets, doublets, triplets and etc
due to chemically nonequivalent protons on the same or adjacent carbon atoms. The
coupling constant “J” independent of the magnetic field strength, expressed as
cycles/second or Hz reflects molecular stereochemistry and decreases with factors such
as increased bond distance between coupled protons. J can be positive or negative.
3.16 Infrared spectroscopy

Infrared radiation alters molecules’ vibrational and rotational motions, facilitating the
detection of functional groups within the 400-4000 cm* range.

3.17 Instruments

GC-MS: Shimadzu GC 2010, column ZB-5GC

Chiral GC-MS: Shimadzu GCMS-QP2010S instrument, Restek B-Dex 325 column
(length 30 m, diameter 0.25 mm, thickness 0.25 pm
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Thermostat chamber luminometer: Labsystems, Helsinki, Finland

Microplate reader (Epoch2, BiotTek, Instruments, Inc, USA)

Element detection: EDX-8000, Shimadzu

Rotatory Evaporator IKA(Werke GmbH & Co. KG, Germany)

Freeze drier (HETOSICC, Heto Lab Equipment, Denmark)

3.18 Chemical reagents

Laboratory-grade organic solvents were used and purchased from E. Merck, Glaxo,
Qualigens

2,2 Diphenyl 1 picrylhydrazyl (DPPH), a-glucosidase from Saccharomyces cerevisiae
a-amylase from porcine pancreases, 2-Chloro-4-nitrophenyl-a-D- Maltotrioside
(CNPG3) and p-Nitrophenyl-a-D- glucopyranoside (PNPG) were purchased from
Sigma-Aldrich

Serum glucose was measured by glucose oxidase (GOD-PAP), cholesterol
oxidase/peroxidase (CHOD-PAP), Randox laboratories Itd, UK

Serum total cholesterol by enzymatic colourimetric (cholesterol oxidase/ peroxidase,
CHOD-PAP) method (Randox laboratories Itd., UK), using autoanalyzer, autolab.
Serum triglyceride (TG) by enzymatic colourimetric (GPO-PAP) method (Randox
laboratories Itd., UK) using autoanalyzer, autolab.

Measurement of glycogen from rat liver by (standard Method) Anthrone-sulphuric acid
method.

Serum insulin by Rat Insulin enzyme-linked immunosorbent assay (ELISA) method.
(Crystal Chem Inc., USA).

Thin Layer Chromatography (TLC) plate Kieselgel (60 Fzs4.E. Merck)

Silica gel (230-400 mesh size, Merck, Dramstat, Germany.

Buffer tablets of pH 4, 7 and 9.2, (AR grade, Qualigens Fine Chemicals, India)
Solvents: hexane, dichloromethane, ethylacetate, butanol, acetone, methanol, ethanol,
diethylamine (AR grade, Qualigens fine chemicals, India)

Potassium dihydrogen phosphate, KH2PO4 (AR grade, Sigma aldrich, India)

Sodium hydroxide (NaOH) (AR grade, Qualigens fine chemicals, India)

Sodium nitrate (NaNO3z) (AR grade, Qualigens fine chemicals, India)

3.19 Preparation of reagents and stock solutions

Most of the chemicals were of the analytical reagent (AR) grade and were utilized

without further purification. All aqueous solutions were made with deionized (DI)
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water. Followings chemical reagents were used in the experiments for the preparation
of stock solution:

pH adjustment solution: 0.1 N HCI and NaOH solutions were used to adjust the pH.
portable pH meter (Thermo scientific orion star A221, India) was used to measure pH.
Buffer solutions: By dissolving the appropriate buffer tablets in 100 mL of DI water,
buffer solutions of pH 4, 7, and 6.8 were prepared.

A stock solution of 30% DMSO was made by dissolving 30 mL DMSO in 70 mL DI
water.

A stock solution of 50% DMSO was prepared by dissolving 1:1 DMSO in DI water.
A stock solution of various gradient solvent systems was prepared depending on the
isolation procedure.

3.20 Preparing staining reagents for the developed TLC Plate

Visible or UV light

In some cases, spot is visible when it absorbs visible light very strongly and in many
cases, TLC UV lamps generally help in spotting some compounds. However many
compounds can be visible in staining agents as follows.

lodine vapor chamber

In a jar with lit nearly half a spoon of iodine crystals are added and covered with silica
gel. The iodine vapour on the jar acts as a staining reagent on the developed plates.
Acidic vanillin

To 10 g of vanillin, 250 mL of acidic ethanol prepared by adding 2.5 mL conc sulfuric
acid is poured and stirred.

Basic KMnOa4

1% aqueous NaOH is mixed into a solution prepared from 1.5 g of KMNO4 and 10 g
of potassium carbonate in 200 mL water and stirred. The compound present in TLC
shows up as a yellow spot remaining portion purple.

Cerium ammonium sulphate

In 100 mL water, 5 g of ammonium molybdate and 1g of cerium sulfate was dissolved.
Finally 10mL of conc. H2SO4 was added and stirred.

Preparation of aluminium chloride as staining reagent

A 1% ethanolic solution of aluminium chloride was prepared for the flavonoids. After
staining and drying of the TLC plates flavonoids were detected as yellow fluorescence
in long wavelength UV light (360 nm).
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3.21

Preparation of anisaldehyde for tlc staining

Solutions freshly prepared 0.5 mL of p-anisaldehyde in 50 mL glacial acetic acid and 1
mL 97 % sulfuric acid. The TLC plates were heated to 105 °C until maximum
visualization of spot brightened due to water vapour. Alternatively, 200 mL of ethanol
in 4 mL of anisaldehyde is dissolved into the solution of 3 mL of glacial acetic acid. To
this solution, 10 mL of concentrated sulfuric acid is added.

Dragendroff’s reagent:

The spray reagent was prepared by the following methods: solution A was prepared by
dissolving 0.85 g bismuth nitrate [Bi (NOs)2 5H20] in acetic acid and water (10 mL +
40 mL). Solution B was prepared by dissolving 8 g potassium iodide in 20 mL water.
Solutions A and B were mixed in equal volumes and stored in the dark as a stock
solution. The final spray reagent was prepared by mixing 1 mL stock solution with 2
mL acetic acid and 10 mL water.

Statistical analysis

Statistical package for social sciences (SPSS, version 16, Chicago, IL, USA) was used
to perform statistical analysis (IBMnc, 2007). Results were expressed as mean + SD.
Statistical evaluation of data was performed using a one-way analysis of variance
(ANOVA) and paired t-test. The level of significance was considered at p<0.05 in
animal model studies. All investigations were accomplished in triplicate and the
findings were represented as the mean * standard deviation. Data were analyzed using

excel at first and graph pad prism version 8.4.3 for ICso calculation.
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CHAPTER 4

4. RESULTS AND DISCUSSION

PART ONE

Zanthoxylum armatum DC
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4.1 Quantitative yield of extract and fractions of Zanthoxylum armatum

Air-dried 5 kg of matured fruits of Z. armatum were ground to powder and macerated
with 9 litres of 80% EtOH: H.O at room temperature for 7 days with occasional shaking
and the procedure was repeated thrice. The same step was repeated for 80% MeOH:
H>0 to prepare methanoic extract. The supernatant filtrate was concentrated in a rotary
evaporator to obtain a dark viscous semisolid crude extract of 561.04 g. The average
yield was 98.04 g/Kg of methanoic extract and 112 .07 g/Kg of ethanolic extract. The
crude ethanolic extract was dissolved in distilled water and then partitioned with
solvents of increasing polarity. n-hexane used for partition yielded 134.22 g, 143.52 ¢
of ethyl acetate, 84.45 g of n-BuOH and 176.5 g of water-insoluble fraction g of residue
was obtained as depicted in Table 8.

Table 8: Quantitative yield of extracts and fractions of Z. armatum ethanolic extract

Extracts/fractions Quantity
Crude Ethanol 561.04 g /5kg
n-Hexane fraction 134.22 g
Ethylacetate fraction 14352 g
Butanol Fraction 84.54 g
Aqueous fraction 176.05¢g

4.2 Structure elucidation of isolated compounds from Z. armatum EAF

4.2.1 Structure elucidation of tambulin (1)

Compound 1 was obtained as a yellow powder. The EI-MS spectrum of compound 1
showed molecular ion [M*] at m/z 344, and base peak at m/z 329. The molecular
formula C1gH1607 was determined from the HREI-MS spectrum which showed [M*] at
m/z 344.0906 (Calcd for C1sH1607 = 344.0896), and *C-NMR (BB and DEPT) spectra.
The IR spectrum displayed absorptions at 3327 (OH), 1651 (aromatic), and 1556
(olefinic) cm™. The UV spectrum showed absorptions at 367, 325, and 273 nm. The
'H-NMR spectrum exhibited resonances for three singlets at 5 3.98, 3.89, and 3.90 were
attributed to protons of methoxy groups attached to C-4', C-7 and C-8, respectively. A
downfield singlet resonated at 6 6.51 was ascribed to H-6. Similarly, two downfield
ortho coupled doublets at 6 7.14 d (J32/5, &= 9.0 Hz) and 8.28 d (J2' 376, 5= 9.0 Hz),
were assigned to H-3'/H-5" and H-2'/H-6' respectively. Two exchangeable protons

appeared at 6 11.58 and 6.55 due to hydroxyl protons attached to C-5 and C-3,
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respectively. The 3C-NMR spectra (Broad-band decoupled and DEPT) displayed the
resonances for all eighteen carbons including three methyls, five methine and ten
quaternary carbons. The structure of the compound was further confirmed from 2D-
NMR spectra (COSY, HSQC, HMBC and NOESY). The position of hydroxyl and
methoxy groups was assigned with the help of the HMBC correlations. The HMBC
between protons and carbons resonated at 6 3.98 and 6 162.2 (C-4), 3.90 and 6 130.3
(C-8), and 3.89 and 160.0 (C-7) indicated the position of methoxy groups in the
compound. Structure elucidation of tambulin (1) is represented with their
corresponding *H-NMR and ‘3C- chemical shift values in Figure 20. The key HMBC
and COSY correlations in compound 1 are shown in Figure 21. Details of **C-and *H-
NMR Chemical shift values of tambulin (1) (acetone-ds, 125 and 500 MHz are
presented in Table 9 below. All the spectra of the compounds were closely similar to
previously reported compound (Horie et. al, 1998).

7.14d 115.0 56.9

OH
11.58 s

'"H-NMR Chemical Shift Values 13C-NMR Chemical Shift Values

Figure 20: 'H- and **C-NMR chemical shift values of tambulin (1)

Figure 21: Key HMBC (—3») and COSY (mmmmm) correlations of 1
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Table 9: *C-and *H-NMR chemical shift values of tambulin (1) (acetone-ds, 125 and 500 MHz)

C. No. dc on (J, Hz)

1

2 146.9

3 136.8

4 177.0

5 157.3

6 96.0 6.51s

7 160.0

8 130.2

9 149.3

10 104.2

1 124.5

2 130.3 8.28d (9.0 Hz)

3 115.0 7.14d (9.0 Hz)

4 162.2

5 115.0 7.14d (9.0 Hz)

6 130.3 8.28d (9.0 Hz)
C-7/0CH3 55.8 3.89s
C-4’/OCHj3 56.9 3.985s
C-8/0OCH3 61.5 3.90s

C-5/0OH - 11.58s

4.2.2 Structure elucidation of prudomestin (2)

Compound 2 was obtained as a yellow powder. The EI-MS spectrum of compound 2
showed molecular ion [M*] at m/z 330, and base peak at m/z 315. The molecular
formula C17H1407, was determined from HREI- MS spectrum which showed [M*] at
m/z 330.0746 (Calcd for C17H1407 = 344.0740). The IR spectrum displayed absorptions
at 3327 (OH), 1651 (aromatic), and 1556 (olefinic) cm™. The UV spectrum showed
absorptions at 367, 325, and 273 nm. The *H-NMR spectrum exhibited resonances for
two singlets at 6 3.88, and 4.02 were attributed to protons of methoxy groups attached
to C-4', and C-8, respectively. A downfield singlet resonated at & 6.42 was ascribed to
H-6. Similarly, two downfield ortho coupled doublets at 6 7.04 d (Jz 215, ¢= 9.0 Hz) and
8.18 d (J2 376, 5= 9.0 Hz), were assigned to H-3'/H-5" and H-2'/H-6' respectively. Three
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exchangeable protons appeared at 6 11.54, 6.60 and 6.29 due to hydroxyl protons
attached to C-5, C-3, and C-7, respectively. The structure of the compound was further
confirmed from 2D-NMR spectra (COSY, HSQC, HMBC and NOESY). The position
of hydroxyl and methoxy groups was assigned with the help of the HMBC correlations.
The HMBC correlations between protons and carbons resonated at 6 3.88 and & 161.2
(C-4"), and 4.02 and 127.6 (C-8) indicated the position of methoxy groups in the
compound. Structure elucidation of prudomestin (2) is represented with their
corresponding *H-NMR and *3C- chemical shift values in Figure 22. The key HMBC
correlations in compound 2 are shown in Figure 23. Details of 3C-and 'H-NMR
chemical shift values of prudomestin (2) (CDClz, 125 and 500 MHz) are presented in
Table 10 below.

'H-NMR Chemical Shift Values 13C-NMR Chemical Shift Values

Figure 22: *H- and **C-NMR chemical shift values of prudumestin (2)

Figure 23 : Key HMBC () correlations of 2
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Table 10: 1*C-and *H-NMR chemical shift values of prudomestin (2) (CDCls, 125 and 500 MHz)

C. No. dc n (3, H)

1

2 1455

3 136.2

4 176.3

5 156.0

6 98.0 6.42's

7 165.1

8 127.6

9 149.1

10 103.2

I’ 123.8

2 129.1 8.18 d (9.0 Hz)

3 115.0 7.04d (9.0 Hz)

4 161.2

5’ 115.0 7.04d (9.0 Hz)

6 129.1 8.18 d (9.0 Hz)
C-7/0H - 6.29s

C-4’/OCHs 55.0 3.88s
C-8/0CH3 62.0 4.02s

C-5/0H - 11.54's
C-3/0H - 6.60 s

4.2.3 Structure elucidation of cinnamic acid (3)

Cinnamic acid was isolated from ethylacetate fraction using the first column:
dichloromethane: n-hexane 30%. During the first column, it was isolated as an impure
compound which is then purified using various solvents. In TLC it was reflected as a
single spot at R¢ 0.41 with solvent system acetone: n-hexane (3:7) Only UV visible: 254
nm spotted blue, yield 759 mg.

The EIMS of the compound showed M* at m/z148 and M*-H peak at m/z 147. The H-
NMR spectrum of the compound displayed signals for trans-olefinic protons at 6 6.44
(H-2) and 7.78 (H-3). While signals of five protons appeared at the aromatic range from
5 7.40 to 7.54. The 13C-NMR spectra (Table 11) showed a peak for a conjugated acid

carbonyl carbon at & 172s.1. All the spectra confirmed that the structure of the
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compound is cinnamic acid. Structure elucidation of cinnamic acid (3) is represented

with their corresponding *H-NMR and *3C- chemical shift values in Figure 24.

5 127.5 5
. 7.54m 6 128.4
7.40 m 130.2
'H-NMR Chemical Shift Values 3 13C.NMR Chemical Shift Values 3

Figure 24: *H- and **C-NMR chemical shift values of cinnamic acid (3)

Table 11: 13C-and *H-NMR chemical shift values of cinnamic acid (3) (CDCls, 100 and 400 MHz)

C. No. 5C SH (J, Hz)

1 172.1 -

2 117.2 6.44 d (16 Hz)
3 1475 7.78 d (16 Hz)
4 134.6 )

5 128.4 7.54m

6 130.2 7.40 m

7 1275 7.40 m

8 130.2 7.40 m

9 128.4 7.54m

4.2.4 Structure elucidation of cinnamic ester (4)

The EIMS of the compound showed M* at m/z162 and M*-OMe peak at m/z 131. The
'H-NMR spectrum of the compound displayed signals for trans olefinic protons at &
6.45 (H-2) and 7.70 (H-3). While signals of five protons were appeared at aromatic
range from & 7.39 to 7.53. A singlet at 6 3.81 indicated the presence of methoxy group
in the compound. The **C-NMR spectra (Table-12) showed peak for a conjugated ester
carbonyl carbon at & 167.1. All the spectra confirmed that the structure of the compound
is cinnamic ester. Structure elucidation of cinnamic ester (4) is represented with their

corresponding *H-NMR and *3C- chemical shift values in Figure 25.
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'H- NMR Chemical shift values of 4 13C. NMR Chemical shift values of 4

Figure 25: *H- and 3C-NMR chemical shift values of cinnamic ester (4)

Table 12: 13C-and *H-NMR chemical shift values of cinnamic ester (4) (CDCls, 100 and 400 MHz)

C. No. 5C SH (J, Hz)
1 167.1 -
2 115.2 6.45 d (16 Hz)
3 1445 7.70 d (16 Hz)
4 135.1 -
5 128.4 7.53m
6 130.2 7.39 m
7 1275 7.39 m
8 130.2 7.39 m
9 128.4 753 m
OCHs 53.1 3.81

4.2.5 Structure elucidation of isovanillic acid (5)

The EIMS of the compound showed M* at m/z 168 and M*-H peak at m/z 167. The H-
NMR spectrum of the compound displayed signals on the aromatic region (Table-13)
0 7.33 (H-2), 6.97 (H-5), and 7.39 (H-6). A singlet at 6 3.81 indicated the presence of
a methoxy group in the compound. The 3C-NMR spectra (Table-13) showed a peak
for a conjugated acid carbonyl carbon at & 167.2. The position of the methoxy group
was confirmed using HMBC correlation. All the spectra confirmed that the structure of
the compound is isovanillic acid. Structure elucidation of isovanillic acid (5) is
represented with their corresponding *H-NMR and *3C- chemical shift values in Figure
26.
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'"H-NMR chemical shift values of 5 13C- NMR chemical shift values of 5

Figure 26: *H- and 3C-NMR chemical shift values of isovanillic acid (5)

Table 13: 13C-and *H-NMR chemical shift values of isovanillic acid (5) (DMSO-ds, 150 and 600 MHz)

C. No. 3C SH (3, Hz)

1 123

2 116.0 7.33d (2.0)

3 146.1

4 151.1

5 111.3 6.97d (9.0)

6 1215 7.39.dd (9.0, 2.0)
7 167.2

OCH; 55.6 3.81

4.2.6 Structure elucidation of isoquercetin (6)

The EI-MS of the compound showed a peak for only the agylone part at m/z 286. The
'H-NMR spectrum of the compound exhibited an ABX system at § 7.82 (1H, d, J= 2.4
Hz, H-2"), 7.57 (1H, dd, J= 8.5 and 2.4 Hz, H-6") and 6.86 (1H, d, J=8.5 Hz, H-5'). Two
meta-coupled signals at 6 6.20 and 6.40, d, J=2.1 Hz respectively were due to for H-6
and H-8 protons. A doublet at 6 5.16 (H-1", d, J = 7.6 Hz) was attributed to an anomeric
proton of sugar and suggested a glycosidic f-linkage. Six signals at 6 3.44-3.94 were
assigned to H-2" to H-6" protons. The position of sugar was assigned with the help of
HMBC spectrum which displayed the correlation of H-1"" (6 5.16) to C-3 (6 136.4).
The Structure of the compounds was finally confirmed using 2D-NMR techniques. All
the spectroscopic data of the compound was matched with the previously reported
compound isoquercetin (El-Sayed et al., 2010). The structure of isoquercetin (6) is
represented in Figure 27.

74



Figure 27: Structure of isoquercetin (6)

4.2.7 Structure elucidation of daucosterol (7)
The EI-MS of the compound displayed a peak for the aglycone part at m/z 414 and 396.

The H-NMR spectrum of the compound displayed a peak at § 5.34 br S was assigned
to H-6. Another doublet at 6 5.03 (d, J = 7.6 Hz), was ascribed to the anomeric proton

of glucose (H-1").

9

H
Figure 28: Structure of g-sitosterol glycoside (7)

OH

A signal at 3 4.53 m, was attributed to H-3. The other six signals at § 3.91 to 4.40 were
due to protons of the sugar moiety. All the spectra of the compounds were closely

similar to previously reported compounds (Lee et al., 2011). The structure of

daucosterol (7) is represented in Figure 28.
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4.3 Applications

4.3.1 Antioxidant activities

The antioxidant values of the extract, fractions, and pure compounds were determined.
Only those samples inhibiting >50% at this concentration were further diluted for the
calculation of the 1Cso value. The calculated values of the samples and the standard are

presented in Table 14 and their graphical representation is in Figure 29.

Table 14: Antioxidant activities of extract, fractions, and some isolated compounds from Z. armatum

Sample I1Cs0 (Mg /mL)
Crude ethanolic extract 174 £1.01
Crude methanolic extract 169.85 £ 0.244
Hexane fraction NC
Ethylacetate fraction 42,94 +1.19
Tambulin 32.65+0.31
Prudomestin 26.96 £0.19
Quercetin 1.17+0.35

Data are expressed as ICso + Standard Error Mean (SEM) of three independent assays NC: Not
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Figure 29: Graphical representation of antioxidant activities of i) quercetin ii) crude ethanolic extract,
ethylacetate fraction, tambulin and prudomestin

The antioxidant potential resulted in decreasing order as prudumestin>tambulin>
ethylacetate fraction> ethanolic extract and lowest on hexane fraction. The lower value
of antioxidants in the case of hexane fraction could be due to associated compounds
and its solvent effect possessing lower polarity. Since phenolic compounds are stronger
proton donors like tocopherols, flavonoids and organic acids as coumaric acids etc this
phenolic content is correlated with antioxidant property (Sarker et al., 2007; Juan &

Chou, 2010). The higher potency of prudomestin could be accounted for due to the
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polyphenolic component in it. Likewise, the same holds for tambulin which exhibits
similar properties. Such as the -OH and -OCHpz substituents in the aromatic rings of
these polyphenolics are responsible for relatively higher potency. Ethylacetate fraction
which can hold a mixture of flavonoids and other such compounds revealed its higher
potency than its analogue. The higher antioxidant potency of the isolated compounds
strongly suggests fruit of Z. armatum is one of the natural antioxidants that could restrict
the undesired oxidation process. Hence regular consumption of Z. armatum as a valued
species and condiment proves to be beneficial.

4.3.2 Anti-inflammatory activity

All samples were screened at the concentration of 50 pug/mL at first. Only those samples
inhibiting >50% at this concentration were further diluted for the calculation of the ICso
value. However, in the case of pure isolated compounds activities were performed at
25 pg/mL. Crude ethanolic extract that possesses 85.5% inhibition was fractionated in
increasing polarity to obtain hexane and ethylacetate fractions. The ethyl acetate
fraction possesses higher inhibition with an ICsp value of 17.8+1.1 pug/mL whereas the
hexane fraction possesses the lowest value of ICs at 26.3 + 1.1 pg/mL. Thus
ethylacetate fractions were column chromatographed to obtain various compounds
among which the flavonoids exhibited remarkable potency. Tambulin (1) revealed
significant anti-inflammatory activity with an ICsg value of 7.5 + 0.3 pg/mL whereas
prudomestin (2) reflected its inhibition activity with the lowest value as ICs0 1.5 £ 0.3
pg/mL. The ICso value for the standard drug ibuprofen was found to be 11.2 £ 1.9
pg/mL. The ICso values of all samples are presented in Table 15 and graphically

represented in Figure 30.

Table 15: Anti-inflammatory activities of extract, fractions, and some isolated compounds from Z.
armatum

Sample Concentration Inhibition Percentage (%) ICsp (Hg/mL)
Methanolic extract 50 66.2 27.7 0.7
Ethanolic extract 50 85.5 20.7+0.4
Hexane fraction 50 79.4 26.3+1.1
Ethylacetate fraction 50 79.6 178+1.1
Tambulin 25 72.5 75+0.3
Prudomestin 25 97.2 15+0.3
Ibuprofen 25 73.2 11.2+1.9

Data are expressed as I1Csox Standard Error Mean (SEM) of three independent assays
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4.3.3 Discussion on antioxidant and anti-inflammatory properties

The synergetic effect of phytoconstituents in its ethylacetate fraction revealed stronger
antioxidant and anti-inflammatory potency which is reflected in its polyphenolic
compounds’ flavonoids. Potent antioxidant activity possessed by extract may be
attributed to its extensive class of secondary metabolites known as phenols comprised
of flavonoids, tannins, hydroxycinnamate esters, and the structurally related
compounds (Grace & Logan, 2000) and the isolated compounds under the same
category. However, slightly lower activities of hexane fraction could be attributed to
the presence of non-polar compounds, fatty acids, and their oxides in predominance.
Particular chelating properties of polyphenolic structure in the flavonoids and the like
with -OH, -OCHgs substituents assist in exchange scavenging free radicals and chelate
with transition metals could contribute to higher antioxidant abilities in natural
plants(Arora et al., 2000). Tambulin with a greater number of -OCHjs substituents
possesses lower antioxidant properties than prudomestin possessing a higher number of
-OH groups. Likewise, previous in vivo studies in mice also revealed ethyl acetate
fraction of Z. armatum with anti-inflammatory activity (Hertog & Wiersum, 2000) and
ethanolic extract exhibiting potent anti-inflammatory activities (Bhatt & Upadhyaya,
2010). Recent studies on its essential oil found to show anti-inflammatory activity
(Dhami et al., 2019) since indigenous people use twigs of the plant as toothbrushes
popularly for curing inflamed gums and to treat toothache in different countries (
Ahmed et al., 2004; Abbasi et al., 2013; Kanwal et al., 2015). One of the key
constituent’s tambulin also recorded multiple benefits as a secretagogue in stimulating
insulin secretion, vasorexalant, and as an antiproliferative, antiageing, and Parkinson’s
disease (Hameed et al., 2019, Mushtaq et al., 2019, Nooreen et al., 2017; Pandey et al.,
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2019). Tambulin and prudomestin both are potent polyphenolic compounds isolated
from the fruit of Z. armatum of Nepali origin that support traditional consumption

during inflammation.

4.3.4 In Vitro antidiabetic studies of compound 1 and 2

4.3.4.1 In vitro a-glucosidase activity

Alpha-glucosidase is involved in breaking down starch and disaccharides into glucose
that is absorbable directly. In vitro a-glucosidase inhibition activities values of tambulin
(1), prudomestin (2), and cinnamic acid (3) were ( ICso= 39.31 = 1.8), (ICs0= 17.5 %
1.41), and (ICso= 226.8 + 1.5) respectively. The ICso value of the standard acarbose
used was 1Cso= (5.66 * 0.8).

4.3.4.2 Insulin secreting activity of tambulin (1)

For the insulin secretory mechanism(s) of tambulin (1) particularly in glucose-
dependent, KATP- and Ca?* channels dependent, and cAMP-PKA pathways was
carried. Mice islets and MING cells were incubated with tambulin in the presence of
pharmacological agonists/antagonists and the secreted insulin was measured using a
mouse insulin ELISA kit. The intracellular cAMP was measured by an acetylation
CAMP ELISA kit. Tambulin (2) (200 uM) showed potent insulin secretory activity only
at stimulatory glucose (11-25 mM) concentrations; however, no change in insulin
release was observed at basal glucose both in mice islets and MING6 cells. Hence
tambulin (1) enhances insulin secretion through a pathway that doesn’t involve KATP
channels but it relies on calcium ions and a process that amplifies the signaling involved
in insulin release. Calcium ions play a crucial role in this pathway adding the
amplification of insulin secretion triggered by glucose. Hence such a role of tambulin
can boost the release of insulin in response to glucose by utilizing a Ca?*-dependant
amplifying pathway that doesn’t rely on KATP channels. Figure 31 presents the insulin
secretory activity of the compound.
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Figure 31: Insulin secreting activity of tambulin (1)

4.3.4.3 Insulin secretary activity of prudomestin (2) in mice pancreatic islets

Prudomestin (2) was tested for insulin secretion potential in mice pancreatic islets.
Fresh islets were isolated by the collagenase digestion method, as described previously
(Hafiz et al., 2015). On completion of pre-incubation for 1 hr at 37 °C, islets of similar
size in groups of two were treated with different concentrations (10- 200 mM) of the
compound in stimulatory glucose conditions. On completion of post-incubation for 45
minutes at 37 °C, the supernatant was collected for insulin estimation using an Ultra-
Sensitive Mouse Insulin ELISAKit. It is observed that prudomestin (2) enhanced insulin
secretion activity at all tested doses. The optimal insulin secretion activity was found at
50mM concentration of compound 2. The preliminary data of our experiments are as
shown below in Table 16 and diagrammatically in Figure 32.

Table 16: Dose dependent insulin secretion activity of prudomestin (2)

Code Dose Insulin secretion Remarks
Control 17mM glucose 18.34 Reference ctrl
Prudomestin 10 micromoles 313 Moderate
Prudomestin 50 micromoles 55.2 Potent
Prudomestin 100 micromoles 52.1 Potent
Prudomestin 200 micromoles 40.4 Moderate
Tolbutamide (TB) 200 micromoles 28.9 Standard drug
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Figure 32: Insulin secretory activity of prudomestin (2)

Data was represented as Mean + SD. TB — Tolbutamide, a standard drug.The graph
represents the optimal insulin secretion of prudomestin is at 50mM.

4.3.5 Anticancer activities against breast cancer cell line (MCF-7)

Anticancer activities of Z. armatum methanolic, ethanolic extract and hexane fractions
expressed activity against breast cancer (MCF-7) cell line. Since all the samples showed
activity against breast cancer at the highest concentration (400 pg/mL) therefore
observation was conducted in lower concentrations (200, 100, 50 and 25 pg/mL) which
revealed potency of these different samples as expressed through their half minimum
inhibitory concentration (ICso) at varying range. Table 17 below represents the 1Cso

values.

Table 17: Anti-cancer activity of Z. armatum against breast cancer (MCF-7)

Sample ICso (Hg/mL)
Za MeOH 7451+5

Za EtOH 5462 +5
ZaHex 73.03+5
Cinnamic acid (3) 85+2
Doxorubicin 09+0.14

The result showed that ethanolic extract possesses stronger activity against MCF-7 cell
lines among the studied samples.
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4.3.6 Anticancer activity of Z. armatum against cervical cancer (HeLa) cell line

Anticancer activity of the extracts and fractions of Z. armatum was evaluated against
the cervical cancer (HeLa) cell line. At the highest tested concentration of 400 pg/mL,
significant inhibition was observed, whereas concentration lower than this exhibited
less than 20% inhibition. Notably, both the crude methanolic extract and hexane
fractions demonstrated activity against cervical cancer (HeLa) cell line as presented in
Table 18 below.

Table 18: Anticancer activity of Z. armatum’s extract and fractions against cervical cancer (HeLa)

Sample I1Cso (pg/mL)
Za MeOH 66.17 = 10
Za EtOH -

ZaHex 85.81+2

None of the fractions and compounds of Z. armatum exhibited anticancer activity
against the 3T3 cell line. In contrast, the extracts showed significant anticancer activity
against breast cancer cell lines, with effects observed even at the lowest concentration
tested.

4.4 Extraction of essential oil and its quantitative yield

The matured fruits of the plants were collected from the commercial sites of Salyan
(Hertog & Wiresum, 2000) Surkhet and Myagdi. These fruits 250 g were subjected to
hydro-distillation for three hours using the Clevenger apparatus. The yield of oil from

different sites is presented in Table 19.

Table 19: Yields of essential oil

Site of collection Dry plant mass Essential oil color Percent yield (v/w)
Salyan 250 g Transparent 35

Surkhet 250 ¢ Transparent 3.4

Myagdi 250 g Transparent 4

ZaSl, ZaSll and ZaM all were collected at the same period from their site of collection.

4.4.1 GCMS of essential oil of Z. armatum and its composition

GCMS of Z. armatum Salyan origin (ZaSl), Z. armatum of Surkhet (ZaSlIl) and Z.
armatum of Myagdi (ZaM) all revealed 60 different constituents at various retention
times. Compositionwise GCMS of the essential oil from the fruits of Z. armatum
revealed a predominant constituent of Linalool; 58.32%, 58.45%, and 80.37% in ZaSl,
ZaSlI and ZaM respectively. Limonene consists of 16.67%, 11.2%, and 3.65% in ZaSl,
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ZaSll, and ZaM respectively. A quantitative remarkable difference was observed in oil
from ZaM. Trans-methyl cinnamate occupies 8.22%, 14.61% and 9.55% at ZaSlI, ZaSl|,
and ZaM respectively. A quantitatively higher amount was observed in ZaSllI.
Additionally, the content of p-Phellenderene is similar 1.71%, 1.91%, and 1.23 %
respectively. Cis, and trans linalool oxide are relatively lower in the case of ZaM with
only 0.5% whereas both these constituents are >1% in both ZaSI and ZaSI| respectively.
The chemical compositions of the constituents are depicted in a compiled form in Table
20 below.

Table 20: Chemical profiling of the constituents of the essential oil (% area) from the fruit pericarp of

Z. armatum from different commercial sites in Nepal

Compound ZaSl ZaSll| ZaM
Styrene 0.01 - -
a-Thujene 0.12 0.11 0.05
a-Pinene 0.2 0.18 0.04
Benzaldehyde 0.16 0.18 0.03
Sabinene 0.99 1.04 0.53
[-Pinene 0.19 0.17 0.04
6-Methyl-5-hepten-2-one - - 0.01
Myrcene 1.53 1.64 0.51
0-2-Carene 0.05 0.04 -
para-Mentha-1(7),8-diene 0.03 - -
para-Cymene 0.73 0.74 0.17
Limonene 16.67 11.2 3.65
[-Phellandrene 1.71 1.91 1.23
cis-Linalool oxide (furanoid) 1.66 1.37 0.5
trans-Linalool oxide (furanoid) 1.42 1.16 0.5
Perillene 0.03 - -
Linalool 58.31 58.45 80.37
Hotrienol 0.01 - -
Linalool derivative 0.12 0.1 -
endo-Fenchol 0.05 0.04 -
trans-para-Mentha-2,8-dien-1-ol 0.09 0.06 0.01
cis-para-Menth-2-en-1-ol 0.21 0.04 0.04
cis-Limonene oxide 0.09 0.07 -
cis-para-Mentha-2,8-dien-1-ol 0.12 0.1 -
trans-para-Menth-2-en-1-ol 0.15 0.14 0.04
Citronellal - - 0.03
Lavandulol 0.02 - -
Unidentified 0.03 - -
trans-1socitral 0.11 0.15 -
para-1,8-Menthadien-4-ol 0.09 0.04 -
Terpinen-4-ol 1.34 1.09 0.25
Cryptone 14 1.05 0.36
cis-Hexenyl butyrate 0.45 0.38 -
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3-Cis-Hexenyl butyrate - - 0.1

a-Terpineol 0.44 0.38 0.18
Methyl chavicol 0.1 0.08 0.03
Dihydro carveol 0.05 - -
Unidentified 0.07 - -
Cumin aldehyde 0.15 0.11 0.03
Carvone 0.19 0.11 0.02
Linalyl acetate 0.04 0.04 0.01
Piperitone 0.33 - 0.17
Methyl citronellate 0.03 0.02 0.01
Phellandral 0.32 0.18 0.04
a-Terpinen-7-al 0.04 0.03 0.01
neo-Dihydro carveol acetate 0.06 0.04 -
Limonene hydroperoxide 0.06 0.04 -
Hydroxy cryptone 0.03 0.05 0.01
Oxo-para-menth-1-en-7-al 0.07 0.07 -
Unidentified 0.06 - -
Terpenediol 0.47 0.53 0.23
Limonene hydroperoxide 0.04 0.04 -
trans-Methyl cinnamate 8.22 14.61 9.55
Unidentified 0.03 - -
Unidentified 0.03 - -
[-Caryophyllene 0.06 0.05 0.14
Unidentified 0.17 - -
Unidentified 0.25 - -
Caryophyllene oxide 0.2 0.18 0.12
Humulene epoxide 11 - - 0.01
Y-Cadinene - - 0.01
a-Muurolol - - 0.01
Methyl palmitoleate 0.14 0.22 0.12
Methyl palmitate 0 0.06 0.03
Cyclhexadecanolide - - 0.06
Unidentified 0.09 0.09 0.03
Unidentified 0.06 0.04 0.01
cis-9-Tricosene 0.08 0.05 -

4.4.2 Structures of major compounds

Structures of some of the remarkable compounds present in the essential oil of Z.

armatum as observed in GC-MS profile are presented in Figure 33 below:

84



(+) Linalool

)
1y,
H

(+) Limonene

Methyl trans-cinnamate J-Phellandrene

Figure 33: Structures of major compounds in the essential oil of Z. armatum

4.4.3 Monoterpenoid enantiomeric distribution

Among 25 chiral compounds identified, the chiral GCMS revealed 13 compounds with
their enantiomeric distribution as depicted in Table 21 below. Linalool in its d or (+)
form is the dominant constituent of essential oil from all three sites. An almost racemic
mixture of limonene in all oil in general whereas (-) S-phellandrene and other

enantiomeric components were dominantly in levorotatory forms as the majority in all

the samples.

Table 21: Enantiomeric distribution [%(+): %(-)] of compounds in Z. armatum essential oils
Compounds Zasl ZaSll ZaM
a-Thujene 5.38:94.62 7.13:92.87 4.87:95.13
a-Pinene 13.64:86.36 13.74:86.26 21.01:78.99
Sabinene 7.73:92.27 7.73:92.27 8.68:91.32
S-Pinene 7.63:92.37 6.69:93.31 9.15:90.85
Limonene 56.62:43.38 54.92:45.08 56.74:43.26
p-Phellandrene 0.29:99.71 0.31:99.69 0.2:99.8
cis-Linalool oxide 19.79:80.21 16.09:83.91 21.11:78.89
trans-Linalool oxide 9.34:90.66 10.14:89.86 7.88:92.12
Linalool 92.59:7.41 93.11:6.89 93.13:6.87
Terpinen-4-ol 27.13:72.87 28.16:71.84 28.08:71.92
a-Terpineol 41.96:58.04 40.87:59.13 41.54:58.46
Piperitone 21.81:78.19 21.5:78.5 18.9:81.1
[S-Caryophyllene 0:100 0:100 0:100
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4.4.4 Enantiomeric distribution

(+) Linalool is one of the predominant constituents in all the samples along with
Limonene whereas all other compounds were dextrorototary in nature. Enantiomeric
distribution of the trace elements present as a-Thujene, a-Pinene, S-Pinene and
Sabinene revealed more of their dextrorotatory distribution than the laevorotatory ones.
Among all the thirteen constituents in their various enantiomeric distributions, S-

Caryophyllene is the only constituent that is dextrorotatory.
4.4.5 Elements detection in the essential oil of Z. armatum

The elements detected in Z. armatum oil (EDX-8000) quantitatively revealed the
presence of S (0.438%) and Cu (0.003%) only, with abundant hydrocarbons (99.559%).
The presence of Sulphur in a mixture of volatile-natured compounds imparts its
characteristic pungent order (Depree et al., 1998)in addition to dominant olfactory
receptors (Cicchetti et al., 2017), ethyl cis-cinnamate and methyl trans-cinnamate. The
dominance of methyl trans-cinnamate possessing characteristic flavour imparts tartness

in spices and condiments for pickles and vegetables.
4.4.6 Comparative studies on antibacterial activities of essential oil

The essential oil obtained from the fruit of Z. armatum was moderately active against
the bacteria tested compared to ciprofloxacin. Figure 34 illustrates the potency of the
samples in inhibiting bacterial growth. Notably, the essential oils extracted from Z.
armatum fruit pericarp from Myagdi (ZaM) displayed the highest zone of inhibition
(ZOl) against Escherichia coli (22 mm) and a moderate effect against Klebsiella
pneumonia (19 mm), while no activity was observed against the gram-positive
Staphylococcus aureus. Z. armatum essential oils demonstrated significant ZOI against
gram-negative bacteria (G) in contrast to gram positive ones. This finding contradicts
previous studies that highlighted an impact on gram-positive bacteria (Burt, 2004). The
traditional use of Z. armatum twigs by indigeneous people for oral care, including teeth
brushing, alleviating toothaches, soothing inflamed gums, and treating wounds and
cuts, may be attributed to its antimicrobial properties.
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K. pneumoniae

Figure 34: Antibacterial activities of essential oil of Z. armatum from Myagdi, Salyan and Surkhet

4.4.7 Variation of constituents in oil from different origins

The components of the essential oil of Z. armatum from various sites as shown in Table
3 reflected the same qualitative content with slight differences in quantity and (+)
linalool being one of the abundant compounds in all samples. This plant economically
supports the livelihood of many farmers being a major financial contributor in Myagdi
(Neupane et al., 2023). Nationally 90% of its essential oil from various parts of Nepal
is exported while only 10% holds the local market (Nepal, 2013). Present study reveled
Z. armatum from Myagdi with its highest content of linalool (80.37%) breaking its
previous record (74.12%) (Phuyal et al., 2020) such variation could be due to
differences in collection timing, maturity of the sample, and specific part of the plant
and topographical variation (Burt, 2004). The research explored essential oil from the
bark of Z. armatum with a-pinene in dominance (Dhami et al., 2019). Our study
revealed the enantiomeric composition of chiral components of (-) nature with almost
racemic distribution of Limonene whereas the essential oil of Z. armatum from Pakistan
(Waheed et al., 2011) did not possess limonene. Biologically potent activities of this
oil constituent in synergy possess larvicidal activity against mosquito vectors (Tiwary
et al., 2007) whereas antibacterial potency and reduction of plasma triglyceride (Jun et
al., 2014) of the oils of Z. armatum are particularly associated with the (+) linalool
(Kamatou & Viljoen, 2008)- Topological variation in oil constituent of its fruit is
observed with abundance of 3-borneol and isobornyl acetate but not limonene (Waheed
et al., 2011) in the plant of Pakistan origin, whereas leaves extracted essential oil of Z.
armatum belonging to India, possess bornyl acetate abundantly with fewer percentages
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of limonene and linalool (Negi et al., 2012) likewise major constituents of its bark revel
a—pinene and 2-undecanone (Dhami et al., 2019). The nature of constituent variation
and the length of the fatty acid chain are detrimental to the biological properties. The
olfactory response associated with cis and trans isomers of some constituents also
possess drastic variations in cholesterol metabolism (Woollett & Dietschy, 1994). Some
more biologically potent activities of the essential oil of this plant are significant anti-
inflammatory, analgesic (Bisht et al., 2014) as well and antifungal (Li et al., 2021) these
potent properties of the plant are mainly due to its major volatile natured constituent as
linalool and limonene as its. Essential oil particularly from plants of the Rutaceae
family is claimed to possess qualitative improvement in lipid profile. Despite all these
facts that essential oil possesses diverse activities, however, few notable undesirable
consequences of the essential oil of Z. armatum were observed as it raised the level of
urea in animal models (Liagat et al., 2018). Besides some plants possessing essential
oils such as M. longifolia are toxic (Odeyemi et al., 2009) in nature. These qualitative
properties of numerous plants possessing essential oil outweigh the limitations thus
continuous research exploring their potential in a wider dimension is the demand of
time that can add value to existing knowledge, belief, and indigenous practice. Since
nature-based medications are associated with the positive psychology of healing, cost-

effective and accessible to many people.
4.4.8 Discussion and implications from the study of its essential oil

The result of this study provides important information for academics, investors in
industrial sectors, and stakeholders for boosting the economy of farmers. These types
of flavor/fragrances have no boundaries hence their therapeutic applications serve as
important drugs. This study particularly focused on determining constituents of
essential oil based on GC/MS, their enantiomers, and the antimicrobial activity of
essential oil. Based on our study, essential oil from the fruit of Z. armatum possesses a
predominance of linalool from all commercial sites with slight differences in other
constituents. The dominance of a particular compound largely determines the
bioactivity of the sample under study. Studies focusing on the activity of a particular
constituent could add value to existing knowledge and applications. The differences
observed in antimicrobial properties revealed through the zone of inhibition from
various sites is one of the potential parts of this study. However, further research based

on In-vivo studies and mechanism studies is needed to justify the exact microbial mode
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of action. Likewise, future researchers could explore probable reasons behind
remarkable differences in the constituent of Z. armatum based on topography and their

toxicological studies.

4.5. GC-MS of hexane fraction (Hexf) of Z. armatum

Gas chromatography coupled with mass spectrometry is a direct and quick analytical
approach. It operates with high separation efficiency flexibility and selectivity with
mass sensitivity in detection (Koek et al., 2011). Identification of volatile matters
generally includes long and short-chain polyunsaturated fatty acids, hydrocarbons,
esters, alcohols etc. The GC-MS chromatogram of the hexane fraction indicating total
ion concentration is shown in Figure 35 below whereas Table 22 consists of the
compounds identified from each constituent’s mass spectral fragmentation pattern from
head to tail. The sample mainly consists of hydrocarbons, polyunsaturated fatty acids,
long and short-chain hydrocarbons, terpenoids and esters. The aromatic flavour of the

fruit was found to be a mixture of esters and various compounds.
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Figure 35: GCMS chromatogram showing tR between (1) 7.0 and 31 min (I1) 6.0 and 68 min

Table 22: Phytoconstituent identified in the hexane fraction of Z. armatum

SN tg(min.) Compound Compound nature Peak
area

1 5.96 Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6- 2-Pinen-4-one 0.04
trimethyl-

2 7.16 2Furanmethanol,5ethanyltetrahydro- cis-Linaool Oxide 0.16
a,0,5-trimethyl-cis-

3 7.49 a-methyl-a[4-methyl- 0.16
3pentrnyl]oxiranemethanol

4 7.86 1,6-Octadien-3-o0l,3,7,dimethyl- p-Linalool 6.77

5 9.4 3-Cyclohexen-1-ol, 4-methyl-1-  p-Menth-1-en-4-ol 0.03
(methylethyl)-
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6 9.6 3,7-octadione-2,6-diol,2,6-dimethyl 1,5-Octadiene-3,7-diol,3,7- 1.72

dimethyl-
7 13.51 2-propenoic acid,3 phenylmethylester ~ Methyl cinnamate 11.08
8 14.06 Bicyclo[7.2.0]undec-4-ene,4,11,11- 1.4,11,11-Trimethyl-8- 0.12
trimethyl-8-methylene-[IR- methylenebicyclo[7.2.0]undec-
(1R*,4Z,95%)] 4-ene
9 14.89 2-Propenic acid, 3-phenyl Cinnamic acid 0.22
10 16.9 Caryophyllene oxide S-Caryophyllene oxide 0.61
11  21.85 Methylhexadec-9-enoate 5.58
12 222 Hexadecanoic acid, methylester Palmitic acid, methyl ester 2.77
13 238 Cis-9 hexadecenoicacid Palmitoleic acid 18.66
14 242 n-hexadecanoic acid Palmitic acid 75
15 26 9-octadecenoicacid(Z)-methylester Oleic acid, methyl ester 2.93
16 27.85-  9,12-Octadecadienoic acid (Z, 2)- Linoleic acid 1.78
29.46
17 29.36 Trans-13-Octadecenoic acid 36.08
18  29.63- Icosapent -3 Marine Triglycerides 3.28
36.25
19 51.42 Isopulegol acetate Isopulegyl acetate 0.37
20 57.67 S-Amyrin Olean-12-en-3-ol, (3B)- 0.14

4.5.1 Structures of major compounds in hexane fraction (Hexf)
The structure of some compounds of hexane fraction Z. armatum is presented in Figure
36 below.
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Figure 36: Structures of major compounds in hexane fraction

4.5.2 Bioactive constituents in hexane fraction (Hexf)

Among the twenty compounds identified from the hexane fraction linalool is one of the
major constituents reported with diverse activities along with palmitic acid, cinnamic
acid methyl ester, methyl oleate, trans-13 —octadecenoic acid, palmitoelic acid and
methyl palmitoleate. Studies show these compounds as anticancer, antibacterial, anti-

inflammatory along with diverse applications.

4.5.3 Major compounds of Hexf of Z. armatum
Predominant compounds with area percentages above 10% are presented in Table 23
below with their name/nature, molecular weight, molecular formula, and NIST

matching as observed from GC-MS.

91



Table 23: List of major compounds from hexane fraction of Z. armatum

Peak  Retention Area% Compound name/nature MF/Mwt NIST matching
no time
7 13.51 11.08  2-propenoicacid,3 C10H1002 229225
phenylmethylester(Methyl cinnamate) 162
13 23.81 18.66  Cis-9-hexadecenoicacid C16H3002 333195
(Palmitoleic acid) 254
18 29.36 36.08  Trans-13-Octadecenoic acid Ci8H3402 333615
282

NB: MF: Molecular Formula, Mwt: Molecular weight
4.5.4 Bioactivities on Hexf
4.5.4.1 Microplate Alamar blue assay
The preliminary screening of antibacterial assay of hexane fraction revealed good
percentage inhibition against S. aureus (65.25%) and B. subtilis (67.27%) only but no
activity against Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC
10145, and Salmonella typhi ATCC 14028. The standard drug ofloxacin possesses
91.23%. The inhibition against particular bacteria could be related to the major
constituents of hexane fraction possessing a hydrophobic nature which makes it easier
during partition with the lipids in the cell membrane of bacteria thus making it more
permeable by disrupting the cell membrane leading to changes in cytoplasm, and
leakage of critical molecules eventually causing the death of the bacterial cells
(Chouhan et al., 2017).

4.5.4.2 Insecticidal activity

The insecticidal activity was observed using the contact toxicity method in three types
of insects namely Tribolium castaneum, Sitophilus oryzae, Rhyzopertha dominica .The
hexane fraction used for the activity was 2038.20 pg/cm? whereas the standard
insecticidal drug Permethrin used was 239.5 pg/cm?. Insecticidal activity revealed
hexane fractions as highly active. The percentage mortality of these insects observed
was 100% against Rhyzopertha dominica and moderately active against Tribolium
castaneum at 60% and Sitophilus oryzae at 50%. The hexane fraction of Z. armatum
was active against Tribolium castaneum and Sitophilus oryzae but the highest activity
was similar to the standard drug; in the case of Rhyzopertha dominica could be

accounted due to the presence of acyclic monoterpenoids like linalool. Figure 37 below
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illustrates the efficacy of hexane fraction equivalent to the standard drug in the case of
Rhyzopertha dominica along with other insects used during insecticidal activity by

contact toxicity method.

Insecticidal Activity

120

| I ‘ II

Tribolium castaneum Sitophilus oryzae Rhyzopertha dominica

% Mortality
N H [e)] (0]
o o o o

o

Insects

B Hexane fraction ™ Permethrin

Figure 37: Graphical representation of percentage mortality of various insects due to hexane fraction

of Z. armatum and standard drug permethrin

4.5.4.3 Antifungal activity

In vitro antifungal bioassay was performed with a concentration of sample as 3000
pg/mL of DMSO with an incubation time of 7 days and temperature of 27°C. Among
seven different fungus; Trichophyton rubrum, Candida albicans, Aspergillus niger,
Microsporumcanis, Fusarium lini, Candida glabarata and Aspergillus fumigatus. The
hexane fraction was significant against Fusarium lini with linear growth of 15 mm, and
inhibition of 85%. Standard drug Miconazole inhibited at 100% at 73.25 pg/mL as its
minimum inhibitory concentration. Particular antifungal properties of F. lini might be

due to terpenes in this fraction(Paduch et al., 2007).

4.5.4.4 Anti-inflammatory activity

Inflammation is a non-specific immune response that occurs after physical injury with
primary symptoms as changes in blood flow, cellular metabolism and related. This
disorder in some conditions leads to chronic inflammatory disease (Ferrero-Miliani et
al., 2007) amplifying stress in chronic condition cases disturbing the quality and
productivity of life with huge financial loss (De Céssia Da Silveira et al., 2013). For
the anti-inflammatory activity determination 1mg of hexane fraction was used with the
standard as Ibuprofen. The percentage inhibition of Ibuprofen at 25 pg/mL was (73.2 +
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1.4) % with the inhibitory capacity ICsp =11.2 £ 1.9ug/mL. Likewise, the hexane
fraction at 10 pg/mL concentration inhibited 79.4% revealing potency ICso =11.2 £
1.9ug/mL. The potency of this fraction against reactive oxygen species (ROS) might
be due to the well-known anti-inflammatory compounds such as terpenes and
sesquiterpenes. Studies show the use of terpenes as a skin penetration booster medium
in the case of various inflammatory diseases probably supports the potency of hexane
fraction(Paduch et al., 2007). Figure 38 represents the anti-inflammatory activities of

hexane fraction at various concentrations and standard drug ibuprofen used.

Hexane fraction

450.0
400.0 I
350.0 I
300.0
250.0
200.0
150.0
100.0
50.0

0.0 =
250ug/ml 50ug/ml 10pg/ml Control

Relative Light Units

Figure 38: Graphical representation of hexane fraction’s relative light unit against concentration
4.5.5 Discussion on the bioactivity of Hexf of Z. armatum

This analysis of non-polar constituents using GC-MS revealed the prevalence of
polyunsaturated fatty acids, their oxygenated derivatives, and terpenes. Quantitative
GC-MS identified 20 phytoconstituents. The major bioactive compounds identified
were 2-propenoic acid, and 3-phenylmethylester consisting of 11.08 percent of the area.
Similarly, cis-9-Hexadecenoicacid consists of 18.66 and the largest percentage of
compound 36.08 are trans-13-octadecenoicacid. These environmentally friendly,
degradable, non-toxic bioactive compounds contribute to insecticidal and antimicrobial
properties, making them potential bio-pesticides (Nefzi & Ben, 2016).

The higher mortality observed in tested insects with the n-hexane fraction is attributed
to the presence of the mono-terpenoids and their unique properties. The strong order of
fruits is linked to various esters and a mix of aromatic compounds. The potent properties
of its volatile oil including insecticidal effects can be attributed to compounds like

linalool, limonene, and lignin (Singh & Singh, 2011).
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GC-MS studies of the hexane extract obtained through hot soxhlet revealed 36
phytoconstituents, with 2-hydroxy cyclopentadecanoneas as a major one (Kayat et al.,
2016) as the plant was collected from the Dhorpatan Hunting Reserve area of Nepal.
Variation in GC-MS results may be influenced by the solvent, temperature, and
extraction site. Compounds like unsaturated fatty acids are crucial for the early stage of
neurodevelopment (Decsi et al., 2002; Das, 2006). Polyunsaturated fatty acids due to
their flexibility and conformational states are more significant than saturated fatty acids,
as the liver prefers to convert them to ketone bodies rather than to other atherogenic
lipoproteins (Beynen et al., 1985; Wassall & Stillwell, 2009).

Dietary supplementation of Z. armatum, rich in polyunsaturated fatty acids holds
practical significance. Polyunsaturated fatty acids have been employed in treating
atherosclerosis and inhibiting thrombosis (Goodnight et al., 1982). Together with
hyperlipidemia and statin medication, they aid in lowering triglyceride levels (Zuliani
et al., 2009). Considering the impact of dietary saturated fatty acids on inflammation
and raising low-density lipoprotein (LDL) cholesterol levels the intake of
polyunsaturated fatty acids from Z. armatum, a plant-based source, is crucial for
improving lipid profiles (Woollett & Dietschy, 1994; Poledne, 2013).

The hexane fraction’s potent insecticidal, antifungal, and antimicrobial properties
designate it as a potential bio-pesticide. Its specific insecticidal activity against
Rhyzopertha dominica strongly suggests the hexane fraction of Z. armatum as a
promising biopesticide. Thus, collective efficacy of the hexane fraction in various
biological applications, including insecticidal, antibacterial, antifungal, and anti-
inflammation is attributed to the presence of hydrophobic volatile organic compounds

to some extent.

4.6 Pharmacological studies

The pharmacological studies include the toxicity of Z. armatum extract and its
antidiabetic studies using animal models. In the case of extract toxicity studies two
species of adult healthy animal models were used one Swiss albino mice and the other
Long Evans rats were used to gather a more comprehensive understanding of the effects
of various treatments. The antidiabetic studies involve only type Il diabetic model Long
Evans Rats. The impact of extract toxicity in LER and SAM and the anti-diabetic

properties of the extract on LER are presented below.
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4.6.1 Acute toxicity impact on body weight of Swiss Albino Mice (SAM)

All the mice in different experimental groups were weighed at the start of the
experiment, which was the initial weight. Every third day weights were taken for all
groups. Finally, the weight was taken at last. The difference was recorded as a change
in body weight as represented in Figure 39. This toxicity study on Swiss albino mice
resulted in a very slight decrease in body weight on their 13" day 200 mg treated group
decreased by 3%, 400 mg/kg/10 mL and 800 mg/kg/10 mL both groups decreased by
5% on the same case the water control group also decreased its weight by 8% from their
baseline value. However, no significant changes were observed compared to the control
group.

Changes in body weight among groups
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Figure 39: Effect of Z. armatum ethanol extract different doses treated, on the body weight of normal
healthy mice. Group WC, A, B, and C represent water control, 200 mg, 400 mg, and 800 mg treated
group mice respectively. Data presented as mean + standard deviation (M + SD). Statistical comparison

between groups was performed using a paired sample t-test.

There was no statistical difference in the mean body weight of mice between the treated

and control groups from the initial to final time of the study period (p>0.05).
4.6.2 Calculated supply of food and water

Regular observation of the feeding pattern of food and water was recorded during
feeding time at 9:00 am. The water consumed/water intake was recorded as the
difference in supplied volume with remaining water in the feeding bottle within 24-
hour periods. The calculated amount of water provided was 10 mL for each species
using a measuring cylinder in the feeding bottle with stainless steel nozzles. Similarly,
food intake was also measured by providing the calculated amount of food 7.5 g/100
9/10 mL. Food consumption was measured by weighing the remaining amount of food
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in the container after 24 hours from the amount supplied in grams. The predesigned

cage for food supply served as food containers.

4.6.3 Food and water habit

Not any significant effect was observed on the food consumption habit of the mice but
water consumption for the group of 400 mg and 800 mg treated groups dramatically
decreased by 54% and 36% respectively.

4.6.3.1 Consumed food

Consumption of food in the first three days in decreasing trend of all the extract feed
groups in comparison to the control group then the intake was gradually increased to
the 13" day. Dose group B had a remarkable change in food habits increased at first
with a steep decrease on the 9" day and finally adjusted equal to the control group.
Group doses A and C have also a change in food patterns where higher doses have
higher consumption and vice-versa concerning the control group. Figure 40 represents

the food consumed by different groups during the study period.
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Figure 40: Effect of Z. armatum ethanol extract in different doses treated, on food consumption habits
of normal healthy mice. Group WC, A, B, and C represent water control, 200 mg, 400 mg, and 800 mg
treated group mice respectively. Data presented as mean + standard deviation (M £ SD). Statistical

comparison between groups was performed using paired sample t-test
4.6.3.2 Consumed water
Water consumption in this research can be generalized as a lower dose consuming a
higher volume of water than the control while there was a remarkable reduction of water
consumption in the case of higher doses. Dose feed group B had the least water intake
on the final day which was reduced to less than half the required amount to their body
weight. Water consumption is more significant in all the groups with lower doses

consuming higher volume while intermediate doses consumed the least as represented
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in Figure 41. The decrease in water consumption could be due to the impact of the

extract.
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Figure 41: Effect of water habit on the SAM treated with Z. armatum ethanoic extract on different
doses. Group WC, A, B and C represent water control, 200 mg, 400 mg and 800 mg treated group mice
respectively. Data presented as mean + standard deviation (M + SD). Statistical comparison between

groups was performed using a paired sample t-test
4.6.4 Impact on relative organ weight of Swiss Albino Mice

The relative organ weight has a slight effect: The Liver of 200 mg and 400 mg treated
group decreased by 15% whereas the liver of 800 mg treated group decreased by 20%
from the baseline value compared with the water control group. No effect was observed
on the relative weight of the heart, kidney, and spleen but changes were observed in the
pancreas of the 800 mg treated group which decreased by 25%. Significant changes
were observed in the case of the liver (p=0.005, 0.005, and 0.003) in groups A, B, and
C in comparison with the control group. Changes observed in the case of the pancreas
were (p=0.572) in group C with the control group. Similarly, significant changes were
observed among treated dose pancreas (p=0.059, p=0.062) among dose A against dose
C and dose B against dose C. However, no significant changes were observed in the
relative organ weight of the heart, kidney, and spleen among the groups. Figure 42
depicts the extract's effect on the relative organ weight of SAM.

The changes in the liver were significant as there was a gradual decrease in extract-
treated groups compared to water control. Likewise, a decrease in relative organ weight
of the pancreas of survived mice of higher doses further supports a piece of general
information that there is an adverse effect of the extract on mice fed with a dose level

equivalent to or higher than 800 mg/kg body weight.
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Figure 42: Effect of different doses of Z. armatum ethanolic extract on the relative organ weight of
SAM on group WC, A, B and C.
WC, A, B and C represents water control, 200 mg, 400 mg and 800 mg treated group mice respectively.
Data presented as mean + standard deviation (M = SD). Statistical comparison between groups was

performed using one-way ANOVA.
4.6.5 Acute toxicity impact of the extract on body weight of Long Evans Rats(LER)

4.6.6 Effect observed on body weight

A slight increment in body weight was observed on the 13" day of all groups including
the control as well. The group treated with 400 mg had increased their weight by 25%
whereas the 1600 mg and 3200 mg group had 21% and 14% increments in their body
weight from their baseline value. The group treated with 200 mg and 800 mg did not
affect their body weight as presented in Figure 43. Group B and Group D have a
significant increase in body weight (p=0.052) and (p=0.043) compared to Group A
having a stable body weight.It concludes that there is an overall increase in body weight
to all extract feed groups on the last day of the experiment however more fluctuations

were observed in the case of least feed dose.

Variation in body weight among groups
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Figure 43: Effect of different doses of Z. armatum ethanoic extract, on the body weight of LER on
groups WC, A, B, C, D, and E
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Group WC, A, B, C, D, and E represent water control,200 mg, 400 mg, 800 mg, 1600 mg, and 3200
mg/kg dose treated group rats respectively. Data presented as mean + standard deviation (M £ SD).

Statistical comparison between groups was performed using one-way ANOVA.

4.6.7 Feeding pattern of Long Evans Rats

Rats possess a good sense of communication skills with their members especially in
regards to food as they are neophobic as well in comparison to their wild varieties.
(Wishaw I, 2005). In the case of food consumption, there was an increment in their food
intake since the third day in all groups except the group treated with 800 mg which had
a decrease in food consumption habit by 44%. But in the case of water consumption,
there was a decrease in the first week followed by an increment in the last week in the
case of all the groups. Figure 44 graphically represents the effect of different doses of
Z. armatum ethanolic extract, on the food habit, and Figure 45 represents the effect on

the water consumption habit of normal healthy LER.
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Figure 44: Effect of different doses of Z. armatum ethanoic extract, on the food habit of normal
healthy LER. Group WC, A, B, C, D, and E represent water control, 200 mg, 400 mg, 800 mg, 1600

mg, and 3200 mg/kg dose treated group rats respectively. Data represented as mean
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Figure 45: Effect of Z. armatum ethanol extract in different doses treated, on the water consumption
of normal healthy rats Group WC, A, B, C, D, and E represents water control, 200 mg, 400 mg, 800

mg, 1600 mg, and 3200 mg/kg dose treated group rats respectively. Data represented as mean
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4.6.8 Observation of relative organ weight among the groups (g/100gm)

At the end of the experiment sacrifice of the live rats was carried out to observe the
effect on relative organ weight. The graphical representation of the effect of Z. armatum
ethanoic extract on different doses of treated LERs’ relative organ weight is represented
in Figure 46.

Relative organ weight
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Figure 46: Effect of Z. armatum ethanoic extract on different doses of treated LERSs’ relative organ
weight
Group WC, A, B, C, D, and E represent water control, 200 mg, 400 mg, 800 mg, 1600 mg, and 3200

mg/kg dose treated group rats respectively. Data presented as mean + standard deviation (M + SD).

Statistical comparison between groups was performed using one-way ANOVA

4.6.9 Effect on relative organ weight

The organ weight was taken after defatting them in normal saline immediately after
sacrifice on the final day after the completion of the toxicity test on the 14" day.
Observation shows a slight effect on comparison with the water control group.

Lungs: The group treated with 200 mg and 3200 mg had an incremental effect on their
lungs by 66% and 9% respectively whereas there was a decrease in the lung weight of
400 mg, 800 mg, and 1600 mg treated group by 21%, 14%, and 8% respectively.
Heart: The 200 mg treated group had an increment in heart weight by 4%, whereas the
400 mg group had decreased their heart weight by 9%, the 800 mg group increased by
4%, the 1600 mg increased by 8%, and the 3200 mg increased by 12% respectively
from the baseline value compared with the water control group.

Liver: The liver; one of the largest organs is responsible for the metabolism process of
intake of food and drug so a healthy liver resembles a healthy animal model. Any
disease in the liver is life-threatening as health is associated with different autoimmune
disorders such as viral infection, toxic chemical or food intake, and changing feeding
habits (Bhakuni et al., 2016). So, the status of a healthy liver is determined by
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biochemical markers where pathological changes can be observed by the increase in
hormones such as SGOT and SGPT. In this research study the least dose-treated group
had a 20% increment in relative liver weight, the 400 mg group had a 13% increment,
the 800 mg had a 10% increment, and the 1600 mg and 3200 mg group had 6%
increment in their relative weight of liver.

Spleen: No such significant effect was observed on the relative weight of the spleen in
the group treated with 400 mg and 800 mg whereas there was an increase of 24% in the
group with 200 mg and a 13% increase in the group of 3200 mg.

Pancreas: The group treated with 200 mg and 400 mg had decreased in their relative
weight by 22%, no significant effect was observed in the group treated with 800 mg, a
33% decrease was observed in the 1600 mg treated group, and 13% increase on group
treated with 3200 mg.

Kidney: There was no significant effect on the relative weight of the kidney in all the

treated groups.
4.6.10 Mortality observation and determination of LDso

Lethal dose calculation depends on two consecutive doses occurring mortality. In this,
study there is mortality in the case of mice fed with doses 800, 1600, and 3200 mg
respectively whereas there is mortality observed on the dose feed day at dose level 1600
mg and no mortality in other groups. Table 24. Below is the mortality in mice and rats
concerning the feed dose.

Table 24: Mortality in Long Evans rats and Swiss albino mice with respect to the feed dose level

Group Dose mg/kg/bodyweight ~ Mortality mice Mortality rats
A 200 0/5 0/5
B 400 0/5 0/5
C 800 2/5 0/5
D 1600 5/5 1/5
E 3200 5/5 0/5
wC Control 0/5 0/5

As the effect was observed to the extent of lethality in the case of Swiss albino mice,
so determination of lethal dose 50 seems fundamental to progress the research. LDsg is

calculated (Lorke, 1983) formula as:

LDso= VDo*xD1go
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Do = Highest dose that gave no mortality, Dioo= Lowest dose that produced mortality
within 24 hours of drug administration. During our acute toxicity, immediate toxicity
observation resulted in no mortality for the feed dose of 200 mg and 400 mg/kg bd. wt.
treated group mice while 2 mice were died immediately that were fed with a dose of
800 mg, whereas all mice of 1600 and 3200 mg treated groups died within a few
minutes of feed. Since Do=400 mg, D1oo= 800 mg. So, the calculated LDso value is
565.68 mg for the Swiss Albino Mice.

4.6.11 Histopathological studies

The histopathological studies on samples of the sacrificed Swiss albino mice revealed
the normal condition of the liver, pancreas, and kidney in the case of the 200 mg feed
group. The higher the doses higher the inflammatory changes and polymorphs were
observed in the liver. Similarly, degenerative changes and necrosis were observed in
the case of the pancreas with a normal kidney on the group feed with 400 mg. Likewise,
the group feed with the dose of 800 mg possesses inflammatory changes and
polymorphs in the liver. Inflammatory changes and polymorphs were higher in the case
of the pancreas of this group. Remarkable inflammatory changes and necrosis were
observed in the kidney in this group. However slight necrosis in the liver, inflammatory
changes, and polymorphs in the case of the pancreas and kidney were observed in the
control group as well suggesting such conditions to be normal in the experimental
models under study. The photomicrographs in Figure 47 represent the images of vital
organs liver, pancreas, and kidney of SAM of 200 mg, 400 mg, 800 mg, and water

control group.
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Figure 47: Histopathological images of vital organs liver, pancreas, and kidney of SAM of 200 mg,

400 mg, 800 mg, and water control group

4.6.12 Comparison and discussion about Z. armatum extract toxicity

Toxicity studies on rodents as well as non-rodents have many significant associations
with human toxicities that finally assist in many pharmaceutical benefits (Olson et al.,
2000). This acute toxicity study revealed vital organs such as the liver, pancreas, and
kidney through histopathological observation to be unsafe at higher levels. Generally,
toxicity involves a higher dose of extract/test material for determining acute toxicity
and basic toxicological research parameters like serum biochemical observation focus
on liver damage in preclinical toxicity (Ramaiah, 2007). Though the excess level of
elements causes toxicity however plants do require a trace amount of some metal to
maintain metabolism (Nagajyoti et al., 2010). Elemental analysis of Z. armatum fruit
dominantly consists of K and Ca whereas S, Fe, Si, Cl, Mn, Zn, Cu, Ti, Rb, and Br were
in traces and were free from toxic levels of heavy metals. Similar to previous studies
fruit possesses elements like K, Na, Zn, Fe, Cu, Mn, and additionally Ni, Cr elements
in decreasing order. Elements like Zn, Mn, and Cr thus justify to hypoglycemic
potential of this plant (lbrar et al., 2015). Present geometric ratio of toxicity used (200-
3200) mg/kg bdwt of extract for oral feeding. Study revealed 400 mg/kg did not caused
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any mortality or visible signs of toxicity in Swiss Albino mice till 14 days. Survival of
all Long Evans rats suggests LDsg is predictably higher than 3200 mg/kg body weight.
Initially, the extract at 1.25 gm/kg/10 mL resulted in lethality in rats of type 1l models.
Hence this research is analogous to studies on the compound tambulin from the same
plant that worked exclusively at higher glucose concentrations; but not at basal
ones(Hameed et al., 2019). The present result of the LDsg value of 565.68 mg/kg body
weight applies only in the case of healthy Swiss albino mice. The decrease in body
weight of all the mice at the end of the study period contradicts that from similar studies
reported on this plant-based in Pakistan. The study revealed that diabetes-induced mice
fed with an oral dose of 500 mg/kg showed a decrease in body weight and an increase
in normal ones(Alam et al., 2018). Further, the single dose level up to 3200 mg/kg body
weight to healthy Long Evans rats resulted in no such recordable changes like the

normal ones with slight fluctuations in between.

4.7 Antidiabetic activities of Z. armatum extract on type Il Long Evans rats

4.7.1 Dose variant effect of Z. armatum extract on hypoglycemic properties of type
Il model Long Evans Rats

During the experimental period, the body weight of different groups was recorded as
depicted in Figure 48. Initial body weight (g) were [201 £+ 7.4, 191 + 16, 192 + 16.9,
270 £ 20, 191 + 19.8] (Mean = SD) of NWC, DWC, GT, ZaE1 and ZaE?2 treated groups
respectively. At the end of the experiment, slight increments in the body weight were
recorded in each group as: 215 £ 3.0 (16%), 206 + 28.4 (17%), 206 + 26.4 (17%), 284
+ 25 (15%), 208 + 31.9 (18%) respectively. However, no significant changes were
observed in their body weight when compared with their corresponding baseline values.
During the period of study, all experimental rats increased their body weight by 5-8%

gradually.
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Figure 48: Effect of treated groups on the body weight of normal and type 11 diabetic model rats. Data
presented as mean + standard deviation (M + SD). Statistical comparison between groups was

performed using a paired sample t-test.

4.7.2 Effect of Z. armatum extract on fasting serum glucose level

Chronic effects of Z. armatum on serum glucose levels of different treated experimental
groups measured were presented below in Table 25. Decreases in the baseline Fasting
Serum Glucose (FSG) levels were observed after 28 days of consecutive oral feeding
of ZaEl and ZaE2, [6.30+0.77 (|20%), and 5.54+0.42 (|27%)] respectively.
Significant changes in FSG were observed (p<0.02, p< 0.04) in both doses compared
to their baseline values. Statistical significance of ZaE2 over DWC was observed
(p<0.02). Similarly, positive control group GT signifies (p<0.003) to its baseline value.
This FSG level indicates the potency of the extract as an excellent source of anti-

diabetic properties.

Table 25: Fasting serum glucose level in different groups of type-I1 diabetic model rats

Groups Fasting serum glucose level (mmol/L)

0 day (100%) 28day
NWC (n=6) 6.44 + 0.43 6.74 + 1.06 (104%)
DWC(n=6) 8.17 +2.70 8.32 + 1.89 (101%)
GT(n=6) 8.67 +0.30 6.95 + 1.20 (80%)
ZaE1(n=6) 7.84 +1.63 6.30 + 0.77 (80%)**
ZaE2(n=6) 7.52 + 1.49 5.54 + 0.42 (73%)*y

Data presented as mean + standard deviation (M + SD). Statistical comparison between groups was
performed using one-way ANOVA and paired sample t-test. *p<0.04 (0 vs 28 days),**p<0.02 (0 vs 28
day), ¥p<0.02 ( ZaE2 vs DWC).
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4.7.3 Effect of Z. armatum extract on lipid profile

The impact of extracts treated was observed on lipid profile as depicted below in Figure
49 and Figure 50.Changes observed in triglyceride level of NWC, DWC, GT, ZaE1l
and ZaE2 treated groups were [(68.68+5.36) & (74.22+0.19) (18%)],
[(70.30+4.11)&(73.61£10.39)(13%)], [(75.98+3.13) & (70.14£9.72) (l8%)],
[(170.22+2.92) & (86.71%6.71) (150%)], [(112.91+6.82) & (84.14+ 5.03) (|26%)]
respectively. Statistically significant changes were observed in ZaEl and ZaE2
(p<0.001, p<0.001). Similarly changes observed in total cholesterol level were
[(59.60+£8.23) & (63.57£5.97) (16%)], [(55.70£8.76) & (63.74+4.41) (114%)],
[(72.2746.37) & (63.52+4.41) (113%)], [(62.75+4.99) & (59.16+4.4) (16%)],
[(83.97£2.60) & (66.19£1.65) (122%)] in the respective groups. Changes observed in
HDL level were [(27.05+£3.32)& (25.68+1.07)(16%)], [(28.04+5.67)&(25.78+0.87)
(19%)], [(27.58+2.00) &(33.25+3.97)( 120%)], [(21.52+1.21) &
(23.02+0.68)(16%)],[(26.33+3.18)&(30.02+4.12)(114%)] respectively. Corresponding
changes and reduction on LDL observed were [(17.19£2.40) & (19.55+2.72) (115%)],
[(13.174£3.61) & (15.26+6.69) (115%)], [(23.80+£2.84) & (14.46£2.76) (|40%)],
[(15.33£1.66) & (10.53+1.30) (]32%)], [(29.11£2.72) & (24.53+2.02) ({16%)].HDL
cholesterol level increased significantly (p<0.02) in ZaE2 corresponding to its baseline
value. Similar positive impacts were observed with more significant changes (p<0.01)
compared to ZaEl. LDL cholesterol levels were significantly (p<0.01, p<0.004)
reduced in both doses when compared to corresponding baseline values.
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Figure 49: Effect of Serum TG & Cholesterol level (mg/dl) on treated groups of normal and type II
diabetic model rats. Data presented as mean + standard deviation (M + SD). Statistical comparison

between groups was performed using one-way ANOVA and paired sample t-test. *p<0.001.
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Figure 50: Effect of Serum HDL & LDL level (mg/dl) on treated groups of normal and type Il diabetic
model rats. Data presented as mean + standard deviation (M £ SD). Statistical comparison between

groups was performed using one-way ANOVA and paired sample t-test. *p<0.001.

4.7.4 Effect of Z. armatum methanol extract on TG: HDL and TC: HDL

The ratio of Triglycerides: High-Density Lipoprotein (HDL) ratio and Total
cholesterol: HDL ratio level is demonstrated in Table 26. On the final day of the
experimental period, TG: HDL ratio was significantly (p<0.001 & p<0.007) and
reduced in both doses treated groups. Moreover, TC: HDL level was statistically
significant (p<0.001 & p<0.001) represented by a decrease in both doses treated groups

compared to the corresponding initial ones.
Table 26: Effects of Z. armatum extracts on TG : HDL & TC : HDL ratio

Group TG :HDL TC:HDL

0 day 28 day 0 day 28 day
NWC 256 £0.27 2.89+0.12 2.23+£0.45 248 +0.28
DWC 2.68 £0.55 291+041 2.00+£0.16 247+0.19
GT 2.76 £0.23 2.14+£0.41 2.62 £0.23 1.92+0.20
ZaEl 7.92+0.42 3.77 £ 0.35** 291+0.18 257 £0.18**
ZaE?2 4.32+0.436 234 +£1.17* 3.21+£0.30 2.23 £ 0.25**

Data presented as mean +standard deviation (M * SD). Statistical comparison between groups was
performed using a paired sample t-test. *p<0.001,**p<0.007 (0 day vs 28" days).

4.7.5 Effect of Z. armatum extract on liver glycogen level

The chronic effect of Z. armatum extracts on hepatic glycogen content of type 2 diabetic
model rats was presented in Figure 51. After 28" days of regular feeding of Z. armatum
hepatic glycogen content was measured. At the end of the experiments, the hepatic
glycogen content of NWC, DWC, GT, ZaE1l, and ZaE2 treated groups were (15.92 +
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0.84), (14.03 £ 4.02), 21.89 + 1.41, 16.17 £ 1.13, 19.01 £ 0.90 respectively. Positive
control-treated group gliclazide showed a 56% increase hepatic glycogen levels
compared to the DWC. ZaE1 treatment also significantly increased hepatic glycogen
content compared to the gliclazide group (p<0.02). ZaE2 treated group showed a 35%
increase in hepatic glycogen content compared to the DWC group, with a p-value of

0.06, indicating a trend towards significance.
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Figure 51: Effect of Hepatic Glycogen level (mg/mL) on treated groups of normal and type Il diabetic
model rats. Data presented as mean + standard deviation (M £ SD). Statistical comparison between
groups was performed using a paired sample t-test.

4.7.6 Effect on hepatic enzyme SGPT and SGOT of type Il LER

The liver is the largest organ involved in the metabolism of all food and drugs. Hence
diseases related to the liver are life-threatening. Health status is reflected through the
biomarkers that can be assayed in biological fluids and observed as pathological
changes. (Bhakuni et al., 2016). Conditions like necrosis, steatosis, cholestasis, and
vascular disorders arise due to various peripheral proteins released in response to
cellular damage causing hepatotoxicity. Enzymes such as SGOT/ALT and SGPT/AST
are cytosolic markers of liver injury indicated by pathological changes in enzymes
reflecting hepatic impairment can also be caused by their food intake (Amacher, 2002).
SGOT/ALT is found in the liver and other vital organs such as the heart, brain, kidney
and in muscle that supports producing proteins and is also helpful for detecting acute
and chronic hepatic injury but not its severity (Dufour et al., 2000). Injury in any such
cases to any tissue can cause an increase of these enzymes in blood level(Bhakuni et
al., 2016). The present study after the causative treatment shows that SGPT levels were

increased in all groups as depicted in the figure. Despite the rise in level in all
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experimental models the level rise of the group treated with extracts ZaE1l and ZaE2 is
significantly lower. Enzyme SGPT plays an important role in amino acid metabolism
and gluconeogenesis. It is also one of the reliable biomarkers of hepatotoxicity(Bhakuni
et al., 2016).

The result indicates the SGOT level of the 0-day value of treated rats with its 28" as an
increment in all groups graphically represented in Figure 52. However, in comparing
doses, ZaE1 and ZaE2 SGOT values of the treated group were lower than the standard
drug-treated and control group. This observation reflects that the extract-treated group
has a relatively lowering impact on hepatic enzymes SGPT and SGOT than the control

ones, indicating the extract's efficacy.
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Figure 52: Chronic effects of Z. armatum on the SGPT & SGOT on type-2 diabetic model rats

In general ALT/SGOT is released in every group increased levels of liver enzymes were
observed finally even in the positive control ones. However, a lower level in the case
of extract feed in comparison to the GT-treated group signifies the importance of extract
as hepatoprotective. The extract feed group reflects better than the group treated with
positive control in the enzyme levels of SGOT especially ZaE2 in comparison.
Similarly, the case of AGPT/AST levels was also similar to GT. Compared to DWC,
the level of AST in extract feed ZaE1 and ZaE2 were lower which is also significant.
When comparing ZaE1l and ZaE2 combined effects were observed in both groups
significantly.
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4.7.7 Discussion on the effect of antidiabetic properties of methanolic extract of Z.
armatum

Z. armatum is one of the highly valued natural plants of interest not only to local people
but also to researchers as well. Research on the same species of various topography has
variations in results. The present study on Z. armatum of Nepali origin has proven the
minimum dose level of extract feed, i.e., 25 mg/kg b.w, and 50 mg/kg b.w in the animal
models with significant effects as an antidiabetic property. Similar research reported on
higher doses on mice and rat were 200mg/kg b.w.,250 mg/kg b.w., 400 mg/kgb.w, 500
mg/kg b.w and above on bark, leaf, and fruit of Z. armatum from India and Pakistan
origin were proven to be good antidiabetic doses (Karki et al., 2014; Rynjah et al; 2018;
Alam et al; 2018).

4.7.7.1 Glucose lowering

Reduction in blood glucose of the extract feed group ZaEl and ZaE2 proves its
effectiveness as equal to and more than the standard drug gliclazide. The feed group of
ZaE1 has a similar value of serum glucose level in comparison to the GT-treated group.
ZaE2 is more effective in lowering blood glucose than ZaE1 and even more effective
than the standard drug GT. Significant improvement in blood glucose levels by the
treatment of extracts doses ZaE2 (P<0.041) was observed. A reduction in serum glucose
level by more than 25% was observed in this group. On comparing both groups, diabetic
water control with ZaE2, the impact observed was significant (P<0.021). The gradual
pattern of decrease in blood glucose of extract-treated groups was similar to standard
drug-treated ones. This potency of Z. armatum extract indicates it’s one of the
hypoglycemic  properties probably through multiple biological pathways

simultaneously.

4.7.7.2 Lipid profile

Lipid profile conveys an important message in the case of in-vivo diabetic models
depending on their type of feed. The significant difference in total cholesterol and
triglyceride levels was observed in groups ZaEl and ZaE2 and were compared with
other groups NWC, DWC, and GT. Triglyceride decreased by 50% in the case of ZaE1l
and in the case of ZaE2 it decreased nearly by 25% indicating the effectiveness in
extract and relative significance (p<0.001 and p<0.001) on its 0 day to 28" days value
in the same group. The lowering of cholesterol by Z. armatum was more pronounced

by dose ZaE2 than its corresponding lower dose (p<0.001). Extract with ZaE2 is more
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significant (p<0.001) than standard drug (p<0.051). Thus, a combined effect of
lowering cholesterol and triglycerides of the extract-treated group in the case of lipid
profile signifies the potency of this plant. The high-density lipid profile (HDL) is one
of the strongest indicators of a lipid profile that lowers the risk of coronary heart disease.
HDL of the ZaE1 feed group slightly increased, whereas ZaE2 was more prominent
(p<0.025) in comparison to the standard drug (p<0.046). Another supporting parameter
for the extract on improving serum lipid profile is the decrease in LDL values. LDL
values of ZaE1 have a similar impact as that of standard drugs whereas ZaE?2 decreases
by 16% (p<0.004). Comparing both the doses concerning high-density lipid
profileZaE2 is more effective in treating the diabetic model rats among groups
revealing its significance (p<0.014). These improvements in the lipid profile of diabetic
model rats also signify the importance of the fruits of Z. armatum. The treatment of
ZaE1l and ZaE2 extract significantly lowered the levels of total cholesterol, and low-
density lipoprotein and ironically increased essential high-density lipoprotein

collectively supports plant to be one of the medicinal plants to treat hyperlipidemia.

4.7.7.3 Hepatoprotective effect

Hepatoprotective studies in animal models generally involve studies in chemical
biomarkers and histopathological slides of liver tissue. Impact on liver glycogen and
changes in serum markers SGOT and SGPT with the minimum dose level of ZaE1 and
ZaE2 were observed. Both doses were proven to be effective in comparison to diabetic
water control and satisfactory in comparison to the standard drug-treated group. The
impact could be accredited to the various phytochemicals and their synergetic effect.
Previous research claimed hepatoprotective activity of its leaves in ccl4 induced
hepatotoxicity in rats. Such rats were fed with defatted leaves of Z. armatum extract at
the dose level of 500mg/kg which resulted in a significant decrease in liver enzymes
such as SGOT and SGPT as well as liver inflammation (Verma & Khosa, 2010).
Another study on ethanoic extract of the same plant at dose levels 100, 200, and
400mg/kg proved significant protective effects against hepatotoxicity induced by ccl4
were indicated by a proportionate increase in levels of antioxidant enzymes such as
superoxide dismutase, catalase, and glutathione (Ranawat et al., 2010). The present
study claims both ZaE1l and ZaE2 as the minimum dose of in-vivo studies so far on

fruits of Z. armatum with efficacy as a hepatoprotective plant.
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4.8 Molecular docking studies on compounds 1 and 2 with 1CX-2

The Autodock vina was used to perform molecular docking. The protocol was validated
by re-docking the extracted compound (SC-558) from 1CX2 to its same position. The
overlay of the conformer of the SC-558 before and after docking is pictured in Figure
53, and its RMSD value was found to be < 2 A. Compounds 1 and 2 and the standard
anti-inflammatory ibuprofen were docked into the binding cavity of COX-2.
Compound 1 reported perfect binding to the active site of COX-2 with a binding affinity
of -8.4 kcal/mol as compared to the standard ibuprofen’s affinity of -7.7 kcal/mol. The
binding was supported by the hydrogen bonding between HIS388 and ASN382 to the
oxygen atom of 1. Some pi-interactions further assisted the binding with LEU390,
ALA199, LEU391, HIS214, HIS386, and HIS207. Figure 54 (a) depicts the 2D
diagram of the interaction of tambulin and amino acid residues. Binding affinity for 2
was found to be -8.6 kcal/mol, as compared to the ibuprofen’s affinity of -7.7 kcal/mol.
H1S388, ASN382, and TYR385 form hydrogen bonds with oxygen and hydrogen atoms
of the 2. At the same time, a couple of pi-interactions were observed with HIS386, HIS
207, ALA 199, and LEU 390. The 2D and 3D representation of the binding interaction
of enzyme (1CX2) with 1, 2 and ibuprofen is shown in Figure 54.

4.9 Drug-likeness and ADMET analysis

The isolated compounds 1 and 2 have molecular weights of 344.32 g/mol and
330.29g/mol, respectively, and a topological polar surface area (TPSA) of 98.36 A2 and
109.36 A2, which is an acceptable criterion for being a drug candidate as suggested by
Lipinki’s rule of five. Both compounds did not violate any rules for drug-likeness, as
suggested by Lipinki, Ghose, Veber, Egan, and Muegge, with both compounds having
a bioavailability score of 0.55. Inhibition of these cytochromes enzymes is the main
mechanism that causes pharmacokinetic drug-drug interactions (Wang et al. 2015;
Hakkola et al. 2020). As the Swiss ADME web server predicted, 1 and 2 were foreseen
to inhibit enzymes CYPA12, CYP2C9, CYP2D6, and CYP3A4. In addition, it also
indicated that both compounds are non-inhibitors of the enzyme CYP2C19. Both
compounds have high gastrointestinal absorption. Compounds 1 and 2 tested for no
blood-brain barrier penetration levels, which means both compounds would not have
CNS negative effects. Moreover, compounds are necessary to test for toxicity. Both 1
and 2 were also found to have no AMES toxicity, skin sensitization, and hepatotoxicity,

as predicted by the pkCSM web server. The ADMET properties of compounds 1 and 2
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are presented in Table 27, and the mol-inspiration enzyme inhibition score in Table 28
This table displays activities with a specific focus on enzyme inhibition by compounds
1 & 2 since the in-silico studies were carried out after the compounds’ potent activities
were observed in in vitro. Both studies contribute differently to a comprehensive

understanding of compounds and their properties in designing a drug candidate.

Redocked ligand Co-crystallized SC-558 ligand

(a)

Figure 54: 2D & 3D interaction of enzyme (1CX2) with a) compound 1 and b) 2 c) ibuprofen

Table 27: ADMET parameters of compounds 1 and 2

Properties Tambulin (1) Prudomestin (2)
Molecular Weight (g/mol) 344.32 330.29
Topological Polar Surface Area 98.36 A2 109.36 A2

(TPSA)

Water Solubility Moderately soluble Moderately soluble
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Gastrointestinal (GI) absorption High High

BBB permeant No No
CYPAI12 inhibitor Yes Yes
CYP2C19 inhibitor No No
CYP2C9 inhibitor Yes Yes
CYP2D6 inhibitor Yes Yes
CYP3A4 inhibitor Yes Yes
AMES toxicity No No
Hepatoxicity No No
Skin sensitization No No
Drug-likeness Yes Yes

(Lipinski, Ghose, Veer, Egan,
Muegge)

Table 28: Molinspiration bioactivity score of compounds

Compounds Enzyme inhibitor (molinspiration bioactivity
score)

1 0.17

2 0.20

4.10 Computational study of compound 2 for insulin target

According to research, insulin secretagogues bind to the SUR subunit, preventing the
dimerization of the SUR subunit's NBD1 and NBD2 chains and the opening of the Kir6
pore. This leads to depolarization of pancreatic S cells, activation of the voltage-gated
calcium channel, and subsequent release of insulin. Therefore, in this study, we also
docked molecules in the SUR subunit of this Katp ion channel complex [Figure 55 a,
Figure 55 b]. The estimated docking scores for prudomestin and tolbutamide were -
9.30 kcal/mol and -10.01 kcal/mol, respectively. The docking revealed that the amino
acids ARG1246, ARG1300, ASN1293, ASN1296, GLU1249, GLU1253, LEU1149,
LEU373, THR588, TRP1297, TYR1294, and TYR377 were present in the prudomestin
binding site [Figure 55 ¢, Figure 55 d]. In the binding score of prudomestin, hydrogen
bonding contribution was found to be -5.19 kcal/mol. We hypothesize that non-covalent
bonding with SUR's binding site residues may be the cause of prudomestin's ability to
inhibit SUR.
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Figure 55: Docking poses and molecular interactions of prudomestin (2) in the binding pocket of SUR
of Katp ion channel: (a) Katp ion channel with SUR subunit (b) 3D molecular diagram of SUR with
prudomestin (2) (Side View). Prudomestin (2) is represented in CPK and SUR is represented in the

cartoon. (c) 3D molecular diagram of SUR with prudomestin (2) (Top View). Prudomestin (2) is
represented in CPK and SUR is represented in the cartoon. (d) 3D molecular diagram of SUR with
prudomestin (2) (Top View). Prudomestin (2) is represented in ball and stick, and SUR is represented

in the surface and cartoon.

Molecular docking predicts the binding mode between a protein and a ligand. It cannot,
however, foresee the molecule's stability and dynamic behavior during the binding
process. To investigate the stability of the hit, protein prudomestin complexes were
subjected to a 500 ns, 1000 frame molecular dynamics simulation. The molecular
dynamics simulation predicted that prudomestin would be comparatively more stable
with SUR than tolbutamide. The backbone of SUR in the prudomestin complex was
deviated by 6.5 A. After a sharp initial deviation to 5 A, it nearly stabilized. Throughout
the simulation, prudomestin deviated around 0.5 A (tolbutamide = 1 A) in its alignment
with itself and approximately 5 A (tolbutamide = 6 A) in its alignment with the protein
(Figure 56a). As a result, prudomestin’s stability with SUR may be comparable, as
indicated by the aforementioned comparative deviations.

A minimum of 10 protein-ligand interactions, of which at least few were significant,
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were observed between SUR and tolbutamide as well as SUR and prudomestin
throughout the simulation (Figure 56b, Figure 56c¢). Prudomestin interacted with
ARG370, ASN1293, and ARG1300 via multiple hydrogen bonds over most of the
simulated duration (Figure 56b, Figure 56d). Whereas, tolbutamide interacted with
residues (ARG306, ARG370, TYR377, ASN437, and GLU1249) for most of the

simulation period via multiple hydrogen bonding (Figure 56c¢, Figure 56e).
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Figure 56: RMSD and molecular interaction analysis of MD simulation trajectory: (a) The RMSD plot
of prudomestin and tolbutamide with SUR. Normalized stacked bar chart of SUR binding site residues
interacting with (b) prudomestin and (c) tolbutamide via hydrogen bonds, hydrophobic and ionic
interactions, and water bridges. Detailed schematic interaction of (d) prudomestin and (e) tolbutamide
atoms with the binding site residues of SUR. Timeline representation of protein-ligand contact during

whole trajectory (f) prudomestin (g) tolbutamide

The timeline charts also showed that at least two bonds in the SUR complex of
prudomestin interacted significantly throughout the simulation. ARG1300 interacted
via more or less uninterrupted bonding with prudomestin, while ARG370, PHE591,
ASN1293, and TRP1297 interacted via partial bonding (Figure 56 f). Similarly,
tolbutamide interacted via nearly partial bonding with ARG306, ARG370, TYR377,
ASN437, GLU1249, GLU1253, and ARG1300 (Figure 56 g). Tolbutamide was found
to have a discontinuous molecular interaction compared to prudomestin. It is therefore

anticipated to be efficient in inhibiting SUR based on comparative stability and
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interactions. This evidence substantiates the hypothesis that prudomestin helps in

insulin secretion.
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CHAPTER 4

RESULTS AND DISCUSSION

PART TWO

Sarcococca coriacea (Hook.F.) and Sarcococca wallichii Staph.
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4.11 Sarcococca species

Both species of Sarcococca were observed against the in-vitro antioxidant, antidiabetic,
and anticancer activities. The potent biological applications of Sarcococca coriacea
leaf (Sc-A), Sarcococca coriacea stem (Sc-S), and dichloromethane fraction of
methanolic extract of Sarcococca wallichii (Sw-D), Sarcococca coriacea basic fraction
(Sc-B) and Sarcococca coriacea neutral (Sc-N) concerning antioxidant, antidiabetic,

and anticancer and antibacterial activities is discussed below.
4.11.1 Bioactivities of S. coriacea and S. wallichii

4.11.2 Antioxidant activity

DPPH free radical scavenging assay was performed to determine the antioxidant
activity. Both Sc-A and Sc-S were found to significantly inhibit the DPPH free radical
with 1Cso values of 2456 = 3.3 pug/mL and 28.90 + 5.22 pg/mL, respectively.
Comparatively, the other species' Sw-D fraction has ICso =53.79 + 2.50 pg/mL. Among
all three extracts, Sc-A possesses stronger antioxidant potential. The antioxidant

potential of standard quercetin was I1Cso =1.17 + 0.35 pg/mL.

4.11.3 In vitro a-glucosidase and a-amylase inhibition activity

Both these digestive enzymes function differently. a- amylase breaks down dietary
carbohydrates to monosaccharides while glucosidase further breaks monosaccharides
into absorbable glucose. For the in vitro a-glucosidase and a-amylase inhibition
activity, samples were first screened at the concentration of 500 pg/mL. Samples
inhibiting >50% were further diluted to calculate their 1Cso value. The ICso was
calculated using Graph Pad Prism 8 software. The Sc-A showed significant inhibition
against both digestive enzymes; a-glucosidase and a-amylase, with an ICsp of 39.92 +
2.52 pg/mL and 224.3 + 1.87 ug/mL, respectively. Likewise, Sc-S disclosed significant
inhibition against a-glucosidase with 1Cso 20.97 + 2.37 pg/mL; however, it showed
<50% inhibition against the a-amylase. Another species Sw-D significantly inhibits a-
amylase with an 1Csp =2.116 * 0.058ug/mL than a-glucosidase < 50% comparatively.
Standard Acarbose’s ICso against a-glucosidase and a-amylase were found to be5.66 +
0.8pug/mL and 6.18 + 0.97ug/mL, respectively. This proves the stronger inhibition
capacity of Sw-D than the standard acarbose used. The ICso of a-glucosidase and a-
amylase inhibition activity of Sc-A, SC-S and Sw-D compared to the standard acarbose

is presented in Table 29.
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Table 29: ICsp values of antioxidant, a-glucosidase, and a-amylase inhibition activity of Sc-A, Sc-S and
Sw-D

Sample Antioxidant(pg/mL) a-Glucosidase(pg/mL)  a-Amylase (ug/mL)
Sc-A 2456+ 3.3 39.92 + 2.52 224.3+1.87

Sc-S 28.90 £5.22 20.97 +2.37 <50%

Sw-D 53.79 + 2.50 <50% 2.116 + 0.058
Quercetin 1.17+0.35 - -

Acarbose - 5.66 +0.8 6.18 +0.97

Values are expressed as average + standard deviation of three independent assays.

4.11.4 Comparative studies on the antioxidant and antidiabetic activities

In-vitro potency of plant extract provides a rationale for diet and supplement in type 1l
diabetes management. Synergetic effect of active phytochemicals such as alkaloids,
tannins, phenols, saponins, terpenoids, flavonoids, steroids, and sterols contribute to the
plant’s medicinal properties (Mehrotra et al., 2019). Due to the adverse effects of
synthetic drugs, the efficacy of plant-based food profiles with potent inhibitors is in
demand. Major hydrolyzing enzymes of carbohydrate metabolism are the a-glucosidase
and a-amylase. Inhibiting these enzymes may result in controlling blood sugar
(Nagmoti & Juvekar, 2013). This research reveals the unique in vitro antidiabetic
potency of Sc-A and Sc-S as these both inhibited the digestive enzymes, a-glucosidase
and a-amylase. The methanolic stem extract of the plant S. coriacea inhibited o-
glucosidase substantially more than its leaf extract whereas stem extract of the same at
the concentration 500 pg/mL could not inhibit the a-amylase enzyme. Leaf extract Sc-
A was found to inhibit the a-amylase comparatively. Interestingly another species Sw-
D is found to be one of the potent inhibitors of a-amylase that could not inhibit the a-
glucosidase enzyme at the concentration 500ug/mL. Sc-A possesses higher phenolic
and stronger antioxidant potential. However, the enzymatic inhibition was not
correlated to antioxidant the total phenolic and flavonoid content in the plants. Enzyme
inhibition activity of both methanolic extracts of Sc-A, Sc-S, and Sc-D accredit to the
synergetic effect of phyto constituents present in it.

4.11.5 Anticancer activities bioassay

4.11.6 Anticancer activities of S. wallichii

S. wallichii did not possess any anticancer activities on the tested cell lines as observed
through MTT assay in HelLa (cervical cancer cell line) and breast cancer cell lines
(MCF-7).
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4.11.7 Anticancer activity of S. coriacea against breast cancer (MCF-7)

The chloroform fraction of S. coriacea extract both in basic condition (Sc-B) and
neutral pH condition (Sc-N) was the potent sample studied against breast cancer (MCF-
7) which activity against breast cancer at the highest tested concentration (400pg/ml)
therefore the samples were further diluted for observing the impact at lower
concentrations. S. coriacea basic fraction Sc-B possesses an 1Cso value of (11.50 + 0.50
pg/mL) and its neutral fraction (Sc-N) possesses potent activity of ICso at (68.42 + 5
pMg/mL). Anticancer activity against the breast cancer cell line (MCF-7) of these

samples with their inhibition values (ICsox S.D.) pg/mL is presented in Table 30 below.

Table 30: ICso values of Sc-B and Sc-N against breast cancer cell line (MCF-7)

Sample (ICs0 = SD) pg/mL
Sc-B 11.50 £ 0.50

Sc-N 68.42+5
Na-methylepipachysamine D 84+3

Doxorubicin 090=+.14

4.11.8 Anticancer activity of S. coriacea against cervical cancer (HeLa)
Sc-B and Sc-N both revealed their activity against cervical cancer (HeLa). Table 31

below depicts the activity of S. coriacea against the cervical (HeLa) cancer cell line.

Table 31: ICsg values of Sc-B and Sc-N against cervical (HeLa) cell line

Sample (1Cs0 £ SD) pg/mL
Sc-B 36.33+10

Sc-N 85.5+5
Doxorubicin 09+0.14

4.11.9 Antibacterial activities of S. coriacea

Five different bacteria Bacillus subtilis ATCC23875, Staphylococcus aureus NCTC
6571, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 10145, and
Salmonella typhi ATCC 14028 were used for preliminary screening of the antibacterial
activities of the extract. Antibacterial activities with 60 mg of S. coriacea basic (Sc-B)
fraction at a final concentration of 3000 pg/ml were carried with standard drug
ofloxacin at 100 pg/ml. Results showed S. coriacea showed good percentage inhibition
against all strains of bacteria as [Eschericha. coli (65.42%) when std. (92.47%)], [S.
aureus (64.27%) std.(90.89%)], [B. subtilis (65.65%) std. 90.23%], [Pseudomonas
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aeruginosa (64.04%),std. 90.01%], [Salmonella typhi (69.31%) std.90.61%]. The MIC
of the extract on Staphylococcus aureus (NCTC 13143) as 100ug/ml, Staphylococcus
aureus (NCTC 6571) 100 pg/ml, Eschericha coli (ATCC25922) 1000 pg/mi,
Salmonella typhi (ATCC 14028) 1110 pg/ml. The inhibition against these particular
bacteria could be related to the major constituent with hydrophobicity in nature.
Hydrophobicity makes them easy to partition with the lipids in the cell membrane of
bacteria thus making it more permeable by disrupting the cell membrane leading to
changes in cytoplasm, and leakage of critical molecules eventually causing the death of
the bacterial cells (Chouhan et al., 2017). Table 32 below presents the details of
bacterial strains used in the activities and their minimum inhibitory concentration

values of the samples studied.

Table 32: MIC values of Sc-B on five different bacterial strains

Bacteria MIC Values (pg/mL)
Staphylococcus aureus (NCTC 13143) 100

Staphylococcus aureus (NCTC 6571) 100

Escherichia coli (ATCC 25922) 1000

Salmonella typhi (ATCC 14028) 1110

Pseudomonas aeruginosa (ATCC 10145) Inactive

4.12 Column chromatography

4.12.1 Column chromatography and compound isolation from Sarcococca
wallichii

Hydromethanolic extract 80% of 450 g was defatted using hexane that yielded 50.0g
coded as Sw-H. To obtain the neutral fraction aqueous layer was then re-extracted with
dichloromethane that yielded 40 g coded as Sw-D. Some portion of this neutral fraction
(Sw-D) S. wallichii 4 g were column chromatographed to obtain compound 8-11 at the
first step under 10% acetone: hexane with a few drops of diethyl amine. And
successively under neutral alumina using ethylacetate: hexane that also yields
compound 8. Different staining reagents such as sulphuric acid, Dragendroff reagent
were used for locating the pure compound. The scheme of isolation of pure compound

from S. wallichii is presented in Figure 18 and Figure 19.
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4.12.2 Structure elucidation of the isolated compounds

Structure elucidation of the isolated compounds was carried out using spectroscopic
tools such as mass, UV, 1D-NMR, and 2D NMR. The details of all four isolated
compounds are presented below.

4.12.3 Structure elucidation of Na-methylepipachysamine D (8)

This compound was obtained as a white amorphous solid from sub-fraction A2 of Fr
57-66 (Figure 19). The developed TLC was UV active and stained by Dragendroff
reagent. Thus, the obtained white mass was re-crystallized using dichloromethane to
obtain the colorless crystal structure. The EI MS showed the M*™ at m/z464, base peak
at m/z 72, and other fragment peaks at m/z s105, and 136. The 'H-NMR spectrum
displayed the presence of two up-field singlets at 6 0.67 and 0.78 assigned for C-18 and
C-19 angular methyl’s, respectively. A doublet at 6 1.18 (J21, 20= 6.5 Hz) was due to C-
21 methyl protons. The NMe: protons have appeared at 6 2.26. Two broad multiplets
at 6 3.43 and 4.43 were ascribed to H-20 and H-3 protons, respectively. The N-Me
protons also appeared as a singlet at 6 2.58. The downfield signals between & 7.24 -
7.36 were assigned to the aromatic protons. The ¥C-NMR spectra (broad-band
decoupled) of the compound displayed resonances for 31 carbons. The compound
structure Figure 57 was further confirmed by using 2D-NMR (HMQC, COSY, HMBC
single-crystal X-ray diffraction technique (ORTEP diagram is shown in Figure 58).
The compound was finally identified as Na.-Methylepipachysamine D a previously

obtained compound from Sarcococca saligna (Atta-ur-Rahman et al., 1997).

Figure 57: Structure of Na-methylepipachysamine D (8)
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Figure 58: ORTEP diagram of N,-methylepipachysamine D (8)

4.12.3.1 Anticancer activity against breast cancer cell line (MCF-7)
Na-methylepipachysamine D possessed anticancer activity against the breast cancer cell
line (MCF-7) with an inhibition (ICso £ SD) value of 84 + 3 pg/mL.

4.12.4 Structure elucidation of taraxerol (9)

The compound was obtained as a white amorphous from the (Fr-26-35) obtained from
S. wallichiii, 3% of hexane, and acetone as eluent with the drop of diethylamine (Figure
18). This fraction was again column chromatographed to obtain white-colored fraction
of the plant. The EIMS spectrum showed M* at m/z 426, and other fragment peaks at
m/z411, 302, 287, 204, and 135. The *H-NMR spectrum depicted a downfield signal at
6 5.51 dd (J= 8.0, 2.0 Hz) was ascribed to H-15, and another broad multiplet at 6 3.16
was attributed to H-3. The *H-NMR signal also displayed signals for eight angular
methyl protons at 0.78, 0.80, 0.89, 0.91, 0.93, 0.95, 1.07, and 1.23. The position of the
double bond at C-14/C-15 was determined from the HMBC correlation of methyl
protons of C-26 and C-27 to C-14 (158.2). The structure was finalized using 2D-NMR
techniques Figure 59. The key HMBC interactions of the compound are shown in
Figure 60. All the spectral data were closely similar to the previously reported
compound taraxerol. The details of the NMR of the compound are presented in Table
33 below.
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Figure 59: Structure of taraxerol (9)

Figure 60: Key COSY (mmmmmm),;,d HMBC (—) correlations in taraxerol (9)

Table-33: 33C-and *H-NMR chemical shift values of taraxerol (CDCls, 100 and 400 MHz)

Carbon No 13C-NMR value Sn (J, H2)
1 38.0 1.32.1.58
2 27.1 129,131
3 79.0 3.18 brm
4 39.0 -

5 55.5 0.76

6 18.9 0.71, 0.97
7 35.2 1.0,1.34
8 39.0 -

9 49.2 0.96

10 37.7 -

11 17.5 1.01,1.44
12 35.8 1.02,1.36
13 37.7 -
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14 158.2

15 116.8 5.51dd (8.0, 2.0)
16 38.5 161,191
17 37.5 -

18 49.3 1.40

19 41.3 1.33,2.01
20 28.8 -

21 33.7 1.22,1.32
22 33.1 1.23,1.34
23 28.0 0.96s

24 15.4 0.78s

25 15.3 091s

26 259 1.85s

27 29.9 0.89s

28 29.8 1.23

29 33.3 0.95

30 29.4 0.81

4.12.5 Structure elucidation of g-sitosterol (10)

The EI-MS spectrum of compounds displayed M* at m/z 414 and fragments peaks at
m/z 396, 255, 55. The *H-NMR spectrum of the compound displayed a peak at § 5.32
br S was assigned to H-6.

Figure 61: Structure of g-sitosterol (10)

A signal at 6 3.53 br m, was attributed to H-3. Figure 61 represents the structure of the
compound p-sitosterol. All the spectra of the compounds were closely similar to

previously reported compound B-sitosterol (Patra et al., 2010).
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4.12.6 Structure elucidation of oleanolic acid (11)

The compound was isolated as a white amorphous from the fraction 46-56. This was
again chromatographed using silica gel using hexane: acetone with a drop of
diethylamine yielded 25 mg of the compound.

Figure 62: Structure of oleanolic acid (11)

The EIMS of the compound displayed an M* peak at m/z 456 and major fragments
peak at m/z 248 (96%) and 203 (100%), indicating the oleanolic acid-type skeleton.
The *H-NMR spectrum displayed a downfield peak at 5 5.28 t (5.5 Hz) was assigned to
H-13, and another broad multiplet at & 3.21 was attributed to H-3. The 'H-NMR
spectrum also displayed signals for seven angular methyls at & 0.72 s, 0.78 s, 0.90s,
0.93s,0.97 s, 1.14 s, and 1.25 s. The structure of the compound was further confirmed
using 2D-NMR techniques (HSQC, COSY, HMBC, and NOESY). The Key HMBC

correlations in the compound is shown in Figure 63 below.

Figure 63: Key COSY (wmmmmm)and HMBC (—) correlations of oleanolic acid (11)
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATION

5.1 Conclusions
The bioprospecting studies of Z. armatum, S. coriacea and S. wallichii concerning their
antioxidant, antidiabetic, and anticancer activities were the major objectives of this
study. This evidence-based study was based on Indigenous practice and consumption
of these particular florae. The preparation of extract using a suitable solvent can readily
extract multiple phyto-constituents from the plants. Such phyto-constituents can serve
as alternative medicines to replace synthetic drugs. One of the basic parameters is the
proper use of solvent and extraction technique which can explore qualitative and
quantitive variation of the constituents. Isolation of constituents from the extract varies
depending on the gradient of various solvent systems and the constituent nature. The
findings of present investigations led to the following conclusions:

o Extraction of Z. armatum: Z. armatum fruit pericarps extract yield and activity
varies on the nature of solvent ethanol and methanol.

e  Antioxidant properties of crude extract: The antioxidant properties of Z. armatum
crude extract both methanoic and ethanoic were determined to be 169.85 + 0.244
pg/mL and 174 + 1.1 ug/mL respectively.

e Z. armatum’s fruit pericarp extract was fractionated for a bioassay-guided
isolation.

e  Z. armatum ethylacetate fraction: Ethylacetate fraction showed high antioxidant
42.94 +1.19 pg/mL and anti-inflammatory properties 17.8 + 1.1 pg/mL compared
to other fractions.

o Bioassay guided isolation using column chromatography was carried out on
ethylacetate fraction which yielded 7 compounds.

o Both extracts methanolic and ethanolic of Z. armatum, its hexane fraction and
cinnamic acid possess remarkable activity against breast cancer cell line (MCF-
7) while the extract and hexane fraction was also active against cervical cancer
cell line (HeLa).

o Compounds isolated were identified using spectroscopic tools such as Mass, 1D
NMR, and 2 D NMR were tambulin (1), prudomestin (2), cinnamic acid (3),

methyl cinnamate (4) , isovanillic acid (5), isoquercetin (6) and ducosterol (7).
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Antioxidant activities of tambulin (1) and prudomestin (2) differed due to the
higher number of —OH moieties in prudomestin (2).
The isolated flavonoids tambulin (1) and prudumestin (2) are remarkable insulin
secratogogue that helps to lower body glucose.
Isolated flavonoids tambulin (1) and prudumestin (2) possess stronger anti-
inflammatory properties and both inhibited digestive enzyme a-glucosidase.
Compuational studies on tambulin (1) and prudomestin (2) suggest these both
compounds are suitable drug candidates and are free from any toxic impressions.
Essential oil
Sixty constituents were identified in the essential oil of Z. armatum with the
dominance of fatty acid, terpenes, and their oxides.
Twenty-five enantiomeric components were identified using chiral GC-MS among
its sixty constituents.
Enantiomerically linalool and limonene were in (+) dextrorotatory form while
others were in levorotatory form.
Z. armatum from the Myagdi district of Nepal possesses the highest amount of
linalool.
Comparative antimicrobial activities of the essential oil from Myagdi, Salyan, and
Surkhet revealed that the oil extracted from fruit pericarp of Myagdi origin was
significant.
According to the deduction made above, the bioactivities of Z. armatum largely
vary on various dimensions, particularly on the topography.
Hexane fraction of Z. armatum
Using GC-MS spectra, twenty constituents were identified in the hexane fraction.
GC-MS suggests a hexane fraction of Z. armatum DC with an abundance of fatty
acids.
The hexane fraction of Z. armatum stands out as a highly impactful bio-pesticide,
demonstrating insecticidal, antimicrobial, and antifungal activities, and can be
developed as a novel bio-pesticide for specific applications.
Moreover, the hydrophobic nature of its constituents, such as polyunsaturated fatty
acids, terpenes, and esters, suggest potentially potent anti-inflammatory effects

comparable to ibuprofen.
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Hexane fraction possess remarkable activity against breast cancer (MCF-7) and

cervical cancer (HelLa).
Extract toxicity and antidiabetic properties of Z. armatum
Among two different animal species Adult Swiss Albino Mice and Long Evans
Rats used for determining extract toxicity of Z. armatum’s through oral acute
toxicity revealed no signs of toxicity and mortality in LER suggesting single oral
dose feed of Z. armatum fruit extract up to 3200 mg/kg as safer.
Toxic impact of extract observed in case of SAM at LDso=565.68 mg/kg
concludes Z. armatum plant’s toxicity varies based on the animal model, route of
dosage administered, and change in body weight and also on the immunity level
of the particular species.
The histopathological studies suggest doses of 800 mg and higher doses are
comparatively toxic in the case of SAM.
Methanoic extract of Z. armatum fruits pericarp showed significant hypoglycemic
activities at both doses in type 1l diabetic model rats.
Methanoic extract helps to decrease atherogenic lipid profile, increasing live
enzymes (ALT & AST) in type Il diabetic model rats.
Methanoic extract of Z. armatum impacts glycogen storage in type 2 diabetic
model rats.
Elemental toxicity in Z. armatum fruit pericarp powder and its essential oil was
determined using EDX. The EDX spectra showed that Z. armatum is free from
toxic/hazardous elements.
Bioprospecting of Sarcococca species
Sc-A and Sc-S both inhibited digestive enzymes, a-glucosidase and a-amylase.
Sw-D strongly inhibited a-amylase stronger than the standard reflecting
remarkable anti-diabetic potential.
Sc-A, Sc-S, and Sw-D possess good to moderate antioxidant properties.
The basic and neutral fraction of S. coriacea, Sc-B, and Sc-N possess anticancer
activities against breast cancer (MCF-7) and (HeLa) cell line.
Sc-B possesses remarkable antibacterial activities.
The column chromatography of Sw-D vyield four compounds Na-

methylepipachysamine D (8), taraxerol (9), p-sitosterol (10), oleanolic acid (11).
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5.2 Recommendation

“Z. armatum possesses antioxidant, anti-inflammatory, antidiabetic properties and

anticancerous activities, while Sarcococca species also demonstrate antibacterial

properties. Among both the extract of Z. armatum’s methanoic extract possesses

effective properties in animal models. The following recommendations are suggested

for application and future research:”

Future research can conduct in-depth bioactivity studies to explore the mechanism
behind the action of bioactive compounds of these plants.

Investigation on how seasonal and geographical variations affect the
concentration and bioactivity of compounds in the particular species.

Future researchers can explore the dimension of commercialization and
application prospective. Working on commercial product based on the research
findings such as preparation of bio-pesticides using Z. armatum can be extremely
efficient, economical, and environmentally favorable.

Modifying compound isolation techniques for natural plant extracts to focus on
particular functional groups of interest may prove to be promising field of future
research.

Interdisciplinary collaboration on the interaction of particular compounds' their
involvement in certain pathways may enhance the existing knowledge.

Focusing on optimizing the solvent system ratio can improve the isolation process

in column chromatography.

Employing environmentally friendly extraction methods using green chemistry
approaches to reduce the use of harmful solvents is a promising avenue for future

research.
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CHAPTER 6
SUMMARY

The sedentary and sophisticated lifestyle of people in this 21 century is the leading
cause of different diseases. Synthetic drugs cause undesirable side effects. Global
concern for nature-based alternative sources of medicine and treatment is increasing.
However, the huge biodiversity in its various topography in a country like Nepal needs
to be researched for the overall benefit of humankind. Such studies promote optimum
benefits in the medicinal sector as well as encourage farmers for the economic benefits.
Such economic aspects of particular plants could support in preservation, conservation,
and protection of the habitat of such flora that possess an impact on human health.
There are six chapters in this thesis. The following lists the important points of each
chapter.

Chapter 1 describes the context of this study and provides a detailed research
background for this study. The impacts of natural resources and increasing demand on
emerging diseases with background have been discussed. The importance and
application of natural plants and natural-based compounds are discussed. This chapter
also briefly describes some phyto-constituents and their impacts. The research
objectives and rationale of the study are highlighted.

Chapter 2 presents a summary of the literature review on natural products. A literature
review concerning Z. armatum and Sarcococca species revealed Z. armatum can be a
cost-effective source for the preparation of anti-inflammatory and antioxidant drugs
while the plants S. coriacea, and S. wallichii are promising plants to explore
bioactivities.

Chapter 3 covers the materials and methods. It describes the experimental procedure
for preparing animal models used for extract toxicity studies and antidiabetic model
animal preparation, experimental procedure of feeding, and extract preparation.
Extraction, fractionation, and isolation of compounds using various solvent systems of
Z. armatum, S. coriacea, and S. wallichii and bioactivities performed. It discusses the
chemicals, solvents, and related parameters used in the experimental procedure along
with the spectroscopic tools used in the experiment and structure elucidation of

compounds.
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Chapter 4 refers to the results and discussion containing the antioxidant, anti-
inflammatory, antidiabetic, and anticancerous properties of Z. armatum, S. coriacea
and S. wallichii with the probable reason based on previous studies. It presents the
details of compounds isolated, GC-MS of hexane fraction of Z. armatum. GC-MS and
chiral GC-MS of the essential oil extracted from the fruit pericarp of Z. armatum and
bioactivities results with their discussion. Chapter 4 also discusses the bio-applications
S. coriacea and S. wallichii. and the structure elucidation of the isolated compounds
from S. wallichii.

Chapter 5 alludes to overall conclusions drawn from the findings of this research work
and finishes with recommendations for upcoming research.

Chapter 6 presents the summary of this thesis and ends with the references cited.
Based on the results and discussions, the studied plants Z. armatum, its ethylacetate
fraction, and isolated flavonoids can be regarded as effective, economical, antioxidant
sources possessing anti-inflammatory properties while the S. wallichii and S. coriacea

possess further anticancerous and antibacterial properties.
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Appendix C: Mass spectra of cinnamic acid (3)

File: JBC6 Date Run: 03-07-2022 (Time Run: 13:01:55)
Sample: JANAKI BARAL / DR. M.IQBAL

Instrument: JEOL 600H-1 Run By: MASS LAB 104

Inlet: Direct Probe lonization mode: El+
Scan: 7
Base: m/z 147; 75.6%FS TIC: 3243147 #lons:
100+ 147.1
] |
1 |
- |
! |
604
%

13L1

Appendix C1: *H NMR spectra of Cinnamic acid (3)
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Appendix D: 1H NMR spectra of cinnamic ester (4)
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Appendix E: 'H NMR spectra of isovanillic acid (5)
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'H NMR spectra of ducosterol (7)
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Appendix 111 (Qil)

Appendix H: GCMS of ZaM
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Appendix V (Sarcococca )

Appendix Al: *H NMR Spectra of Methylepipachysamine D (8)

wanI/DR. IQBAL/JBSW-V8 /CDCL3

» TNO @

o ©® o~ )

i w e aa

~ . ~ a -

asive N P39 @ 2I0N5L2820 @ cwm
o e =ERRRGY Ry = v mees

[ \\// | || lT | AhdddSdg GG § Y% % 338338330 enzy va

(B = P T 23 B b e L4 ne8d 3y
HUCO00C6Cs sage -

AL T ATV R 55

2.47

0

CH Y WY

3.0 2‘9 2.8 2.7 2.6 2.5 2.4 23 22 21 20 19 18 1'7 16 1516 13 12 11 10 09 08 07 06 ;pu

1
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Appendix A5: ORTEP diagram of Methylepipachysamine D (8)

Appendix B: Mass spectra of taraxerol (9)
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Appendix C1: *H NMR Spectra of beta-sitosterol (10)
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Participation in International conferences
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Presenter at “4™™ Edition of International Conference on Traditional
Medicine, Ethnomedicine and Natural Therapies (ICTM 2022)” Online
Conference on September 1-2, 2022 (Oral Presentation)

Presented a poster on 15™ International Symposium on Natural Product
Chemistry (ISNPC-15) on February 21-24, 2022, University of Karachi,
Karachi, Pakistan

Participated in the 15" International Symposium on Natural Product
Chemistry (ISNPC-15) on February 21-24, 2022, University of Karachi,
Karachi, Pakistan

Participated in the COMSTECH International Workshop and Exhibition
on “Research Commercialization: Challenges and Opportunities” June 14™
-15" 2022.Virtual Participation

Participated in Kathmandu Humboldt-Kolleg 2022 Interdisciplinary
Collaboration for Strengthening Science and Culture October 16-19 2022,
Kathmandu, Nepal

Participated in International Chemical Congress (ICC-2023) held in Park
Village Hotel, Kathmandu, Nepal during May 25-27, 2023 (Oral
presentation).

Participated in Ph.D Festival 2023, University Campus, Kritipur, Institute
of Science & Technology, Tribhuvan University, 9-10 October, 2023)
Fellowship and training

Research Fellowship in Natural Product Chemistry (17Feb2022 -18
May2022) Supervisor Prof. Dr. M. Igbal Choudhary at the H.E.J. Research
Institute of Chemistry, International Center for Chemical and Biological
Sciences (ICCBS), University of Karachi, Karachi-75270, Pakistan
Fellowship Program at Asian Network of Research on Antidiabetic Plants,
Bangladesh University of Health Sciences (Dec-March 2018-2019) Supervisor
Prof. Dr. Begum Rokeya, Darussalam, Mirpur, Dhaka, Bangladesh

Training on LC/MS/MS on Waters UPLC/ Acquity TQD system at Nepal
Academy of Science and Technology, Lalitpur, Nepal Duration: 1-5" July, 2019
Participated in 3 International Flow Cytometry Workshop, Nepal,
October 2023
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ABSTRACT
A bioassay-guided isolation on the plant Zanthoxylum armatum DC

yielded compounds tambulin (1), and prudomestin (2), from ethyl
acetate fraction which showed the highest ROS inhibiting activity
(ICsy = 17.8+1.1pug/mL). Structure elucidation of pure compounds
was done using mass and NMR spectroscopic techniques.
Compounds 1 and 2 revealed potent ROS inhibition with ICy, =
7.5+£0.3 and 1.5+£0.3ug/mL, respectively, as compared to standard
ibuprofen (IC;, = 11.2£1.9ug/mL). Likewise, both compounds 1
and 2 showed potent antioxidant activity with IC;, = 32.65+0.31
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2023

KEYWORDS
Anti-inflammatory;
antioxidant; flavonoids;
molecular docking;
reactive oxygen species;
Zanthoxylum armatum

and 26.96+0.19 ug/mL, respectively. In vitro studies were supported DC

by molecular docking and drug-likeliness properties. In silico stud-
ies of 1 and 2 with cyclooxygenase-2 (COX-2) showed perfect
binding affinity with binding energies of —8.4 and —8.6kcal/mol,
respectively, comparable to standard ibuprofen (—7.7kcal/mol).
Drug likeness and ADMET showed higher gastrointestinal absorp-
tion of 1 and 2 and no toxic impact.

CONTACT Achyut Adhikari @ achyutrajo5@gmail.com
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/14786419.2023.2261608.
© 2023 Informa UK Limited, trading as Taylor & Francis Group


mailto:achyutraj05@gmail.com
https://doi.org/10.1080/14786419.2023.2261608
https://doi.org/10.1080/14786419.2023.2261608
http://crossmark.crossref.org/dialog/?doi=10.1080/14786419.2023.2261608&domain=pdf&date_stamp=2023-9-28
http://www.tandfonline.com

2 J.BARALET AL.

1. Introduction

Reactive oxygen species (ROS) belong to a group of chemically reactive molecules
generated during aerobic respiration as a natural byproduct of normal cellular metab-
olism that plays a vital role in cell signaling and immune response (Valko et al. 2007;
Finkel 2011; Halliwell and Gutteridge 2015; Sies 2017). ROS are necessary for cell
stability and kill pathogens but excessive production leads to tissue damage through
various mechanisms of oxidative stress. The imbalance between the production and
elimination of ROS results in oxidative stress (Mittal et al. 2014) that damages cells,
proteins, lipids, and DNA hence causing various neurodegenerative disorders, car-
diovascular diseases, and early ageing (Valko et al. 2007). Excess intracellular ROS
triggers disorders and inflammation in old age (Hussain et al. 2016). Neutralizing
these ROS to less harmful substances or scavenging to prevent oxidative damage
requires antioxidants (Gorrini et al. 2013). Thus, the balance between ROS, stress,
inflammation, and antioxidants is necessary to maintain good health. Increased level
of ROS amplifies and deteriorates oxidative stress hence aggravating inflammation
(Gautam and Jachak 2009; Mittal et al. 2014). Antioxidants have both endogenous
and exogenous defenses in scavenging ROS and its effects. Endogenous deficiency
primarily needs enzymatic supplements (Sies 2015) and antioxidants (Halliwell 2012)
which is inaccessible as exogenous sources such as food and vegetables with poly-
phenols and flavonoids possessing strong immunity regulator, improving inflamma-
tion, neurodegeneration, cardiovascular disease and diabetes (Guardia et al. 2001;
Yahfoufi et al. 2018). Since flavonoids are non-enzymatic antioxidants and strong XO
inhibitors these crucially inhibit the production of ROS functionally (Valko et al. 2007;
Orhan and Deniz 2021). Additionally, polyphenols inhibit enzymes related to
pro-inflammation and decrease the risk of dementia (Hussain et al. 2016). Thus, the
increased antioxidant supplements through diet activity are quite remarkable (Gorrini
et al. 2013).

Zanthoxylum armatum DC, of the Rutaceae family, is commonly called ‘Timur, and
is widely distributed in forests and glades at 1000-2500m elevation in Nepal (Hertog
Hden and Wiersum 2000) and also in India, Bhutan, Malaysia, China, the Philippines,
Japan, and Pakistan (Singh and Singh 2011). Phenolic compounds of Z armatum
inhibit the production of pro-inflammatory cytokines (Nooreen et al. 2019) while
tambulin, prudomestin, and ombuin are anti-proliferative, scavenge nitric oxide
(Nooreen et al. 2017), prevent ageing, and Parkinson’s disease (Pandey et al. 2019),
help in secreting insulin (Hameed et al. 2019) and are significant vasorelaxants
(Mushtaq et al. 2019). Such polyphenolics possess efficacy in memory loss, immuno-
modulatory, and osteoporosis (Kamboj 2000). Owing to such potent activities of Z
armatum, it triggered interest in the unexplored one of Nepali origin from a higher
altitude as soil nutrients and topography affect qualitative and quantitative content
(Kumhalova et al. 2008; Adhikari et al. 2018). This investigation thus focuses on the
effect of Z. armatum on anti-inflammatory and antioxidant properties via in vitro and
in silico studies.
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2. Result and Discussion
2.1. Structure elucidation of compounds

Tambulin (1) was obtained as a yellow powder. Its molecular formula was determined
to be C;gH,,O, through various spectroscopic techniques. The EI-MS spectrum showed
a molecular ion [M+] at m/z 344 with a base peak at m/z 329. The HREI-MS spectrum
also confirmed the [M+] ion at m/z 344.0906 (344.0896 for C,;H,;O,). The BB and
DEPT spectra supported the molecular formula of C;gH,,0,. In the IR spectrum, char-
acteristic absorption peaks were observed at 3327, 1651, and 1556 cm™', corresponding
to the functionality’s hydroxyl, aromatic, and olefinic. Similarly, in the UV spectrum,
absorption peaks were detected at 367, 325, and 273 nm, respectively.

The 'H-NMR spectra displayed three singlets at § 3.88, 3.9, and 3.97, which were
assigned to the protons of the methoxy groups connected to C-4, C-7, and C-8,
respectively. The H-6 proton was identified as a downfield singlet at 6 6.51. Two of
the downfield linked ortho doublets were observed at 6 7.13 (d, J3 /5, ¢ =9.0H2) and
8.27 (d, J, 3/¢5 =9.0Hz), and were assigned to H-3'/H-5" and H-2'/H-6’, respectively.
The presence of two protons at 6 11.58 and 6.55 was due to protons linked with
hydroxyl to C-5 and C-3, respectively. The HMBC relationships of protons and carbons
at 6 3.87 and & 162.2 (C-4'), 3.92 and & 130.3 (C-8), and 3.94 and 159.6 (C-7) specified
the location of compounds methoxy groups. All the spectra were matched with the
previously reported compound tambulin from the same plant (Mushtaq et al. 2019).
Major HMBC correlations in compound 1 are shown in Figure S1 (Supplementary
material).

Prudomestin (2) was also obtained as a yellow powder. The EI-MS spectra of com-
pound 2 revealed an [M+] ion at m/z 330 with a base peak at m/z 315. HREI-MS
spectra further confirmed the molecular formula as C,,H,,0, with [M*] at m/z 330.0746.
The infra-red spectrum showed absorptions at 3327, 1651, and 1556 cm~!, correspond-
ing to OH, aromatic, and olefinic functionalities. Similarly, the UV spectrum displayed
absorptions at 367, 325, and 373nm. The 'H- and "3C-NMR spectra of compound 2
were closely similar to compound 1, with only the difference in the presence of the
hydroxy group instead of the methoxy group in compound 1. Significant HMBC cor-
relations in compound 2 are shown in Figure S1.

2.2, Antioxidant activities by DPPH method

The antioxidant values of the extract, fractions, and pure compounds were determined
using the DPPH radical scavenging assay method. All samples were initially screened
at various concentrations and samples inhibiting =50% at this concentration were
further diluted for the calculation of the IC;, value. The antioxidant values of crude
ethanoic extract (IC;, = 174£1.01 ug/mL), ethyl acetate fraction (42.94+1.19 ug/mL),
tambulin (32.65+0.31 ug/mL), and prudomestin (26.96 +0.19 ug/mL) were observed.
At the same time, the standard compound quercetin showed an IC;, value of
1.17£0.015 ug/mL). This reveals stronger antioxidant properties of compounds among
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Figure 1. (I, I): Graphical representation of antioxidant activities of standard quercetin (I) and sam-
ples (II).

Figure 2. (I, Il): Graphical representation of 1C50 + standard error of the mean (SEM) values of ROS
inhibition activities of sample versus standard of three independent tests of each sample.

the tested samples. Antioxidant activities observed are prudumestin>tambulin > ethyl
acetate fraction > ethanoic extract in decreasing order. The flavonoids 1 and 2 possess
higher activity than ethyl acetate fraction. A higher potential of 2 accounts for more
replaceable —OH moieties. A graphical representation of antioxidant activities of stan-
dard comparable to all tested samples is presented below as inhibition percentages
versus concentration (ug/ml) in Figure 1(1, 2).

2.3. ROS inhibiting activity

The effect of Z. armatum constituents on myeloperoxidase-dependent ROS produced
by human whole-body phagocytes was observed at various levels. Macrophages
releases ROS, cyclooxygenase-2, and other to combat inflammation. Crude extract
and fractions possessing potent inhibition percentages on screening were diluted
further for the calculation of IC,, as described previously (Erharuyi et al. 2017).
Anti-inflammatory activities of samples resulted in a crude ethanoic extract revealing
IC;,=20.7£0.4 ug/mL, hexane fraction as 26.3+1.1ug/mL. The ethyl acetate fraction
possessing higher inhibition of 17.8+1.1 uyg/mL was column chromatographed to
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obtain various compounds, among which the flavonoids 1 and 2 were significant ROS
inhibitors with an IC,, value of 7.5+0.3 and 1.5+0.3 ug/mL, respectively, while stan-
dard drug ibuprofen revealed 11.2+1.9ug/ml. The graphical representation of ICy,
values of all samples with the standard is presented in Figure 2(1, 2) with data on
top, and the bar showing the standard error of the mean of three independent assays
of all samples.

2.4. Molecular docking

The Autodock vina was used to perform molecular docking. The protocol was validated
by redocking the extracted compound (SC-558) from 1CX2 to its same position. The
overlay of the conformer of the SC-558 before and after docking is pictured in Figure
S2, and its RMSD value was found to be < 2A. Compounds 1 and 2 and the standard
anti-inflammatory ibuprofen were docked into the binding cavity of COX-2. Compound
1 reported perfect binding to the active site of COX-2 with a binding affinity of
—8.4kcal/mol as compared to the standard ibuprofen’s affinity of —7.7 kcal/mol. The
binding was supported by the hydrogen bonding between HIS388 and ASN382 to
the oxygen atom of the compound 1. Some pi-interactions further assisted the binding
with LEU390, ALA199, LEU391, HIS214, HIS386 and HIS207. Figure S3(a) depicts the
2D diagram of the interaction of 1 and amino acid residues. The binding affinity for
2 was found to be —8.6 kcal/mol, as compared to the ibuprofen’s affinity of —7.7 kcal/
mol. HIS388, ASN382, and TYR385 form hydrogen bonds with oxygen and hydrogen
atoms of the 2. At the same time, a couple of pi-interactions were observed with
HIS386, HIS 207, ALA 199, and LEU 390. The 2D and 3D representation of the binding
interaction of enzyme (1CX2) with 1, 2, and ibuprofen is shown in Figure S3.

2.5. Drug-likeness and ADMET analysis

The isolated compounds 1 and 2 have molecular weights of 344.32 and 330.29 g/mol,
respectively, and a topological polar surface area (TPSA) of 98.36 and 109.36 A2, which
is an acceptable criterion for being a drug candidate as suggested by Lipinki's rule of
five. Both compounds did not violate any rules for drug-likeness, as suggested by
Lipinki, Ghose, Veber, Egan, and Muegge, with both compounds having a bioavailability
score of 0.55. Inhibition of these cytochromes enzymes is the main mechanism that
causes pharmacokinetic drug-drug interactions (Wang et al. 2015; Hakkola et al. 2020).
As the Swiss ADME web server predicted, 1 and 2 were foreseen to inhibit enzymes
CYPA12, CYP2C9, CYP2D6, and CYP3A4. In addition, it also indicated that both com-
pounds are non-inhibitors of the enzyme CYP2C19. Both compounds have high gas-
trointestinal absorption. Compounds 1 and 2 tested for no blood-brain barrier
penetration levels, which means both compounds would not have CNS negative effects.
Moreover, compounds are necessary to test for toxicity. Both 1 and 2 were also found
to have no AMES toxicity, skin sensitization, and hepatotoxicity, as predicted by the
pkCSM web server. The ADMET properties of compounds 1 and 2 are presented in
supplementary data in Table S1, and the mol-inspiration enzyme inhibition score in
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Table S2. This table displays activities with a specific focus on enzyme inhibition by
compounds 1 and 2 since the in silico studies were carried out after the compounds’
potent activities were observed in in vitro. Both studies contribute differently to a
comprehensive understanding of compounds and their properties in designing a drug
candidate.

2.6. Discussion

Zanthoxylum armatum possesses promising biological properties on ROS inhibition
and antioxidant activities as observed in vitro. The synergetic effect of phytoconstit-
uents was reflected in both activities of the ethyl acetate fraction that inherits poly-
phenolic abundance. Flavonoids can chelate due to -OH functionality assisting in
scavenging free radicals and transition metals. More —OCH, substituents of 1 justify
its lower antioxidant potential than 2 possessing more —-OH moieties (Arora et al.
2000). Hexane fraction due to non-polar compounds, fatty acids, and their oxides
possess lower value. The present work is in accordance with previous possessing
potent ethyl acetate fraction (Hertog Hden and Wiersum 2000), ethanoic extract (Bhatt
and Upadhyaya 2010), and its essential oil possessing anti-inflammatory activity (Dhami
et al. 2019). Moreover, the anti-inflammatory properties of the plant can be associated
with the indigenous practice of using twigs of the plant to cure inflamed gums during
toothache (Ahmed et al. 2004; Abbasi et al. 2013; Kanwal et al. 2015). Consuming
plants possessing antioxidant properties lowers the risk of many life-threatening
inflammatory diseases (Ames et al. 1993) also structurally planar flavonoids are proven
as potent Xanthane oxidase inhibitors (Van Hoorn et al. 2002) and previous studies
report 1 and 2 as potential Xanthane oxidase inhibitors (Ranjana et al. 2019). These
compounds probably inhibit and reduce the production of ROS in the body by inhib-
iting the activity of XO at the same time (Ranjana et al. 2019) in protecting cells from
oxidative damage and inflammation. Both compounds qualify criteria of drug likeliness
suggested by Lipinki's rule of five. Compounds like these resembling NSAIDS that
relieve pain without gastrointestinal toxicities are in demand (Johnston and Fox 1997).
In silico studies of these compounds show higher COX-2 binding energy, lesser side
effects non-toxic, and higher gastrointestinal absorption such drugs possessing
anti-inflammatory and higher COX-2 activities are more favourable drugs with lesser
side effects (Vane and Botting 1998). Hence, compounds 1 and 2 are stronger
anti-inflammatory units possessing higher COX-2 activity and hence are possible drug
candidates. These compounds with inhibitory potential in XO (Ranjana et al. 2019)
and ROS serve in regulating hyperuricaemia and inflammation could be due to their
drug-likeliness nature.

3. Experimental (see supplementary material)
3.1. Supporting information

Instrumentation, plant collection extraction and isolation, DPPH antioxidant assay,
oxidative burst inhibition assay, molecular docking and ADMET analysis along with
Figures S1-S3, and tabulated data Tables S1 and S2.
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4. Conclusion

Bioassay-guided isolation of the hydro-ethanoic extract of Z. armatum was performed
and ethyl acetate fraction was column chromatographed yielding compounds tambulin
(1) and prudomestin (2). Extracts, fractions and compounds all possess remarkable
antioxidant and ROS inhibiting activities. Both compounds are found to be more
potent than standard ibuprofen, supporting traditional uses of this plant to cure
gum pain.
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ABSTRACT: A bioassay-guided isolation on the plant Zanthoxylum armatum DC yielded
compounds tambulin (1), and prudomestin (2), from ethyl acetate fraction which showed the
highest ROS inhibiting activity (ICso = 17.8£1.1 pg/mL). Structure elucidation of pure
compounds was done using mass and NMR spectroscopic techniques. Compounds 1 and 2
revealed potent ROS inhibition with 1Cso = 7.5+£0.3 pg/ml and 1.5+0.3 pg/ml, respectively as
compared to standard ibuprofen (ICso = 11.2+1.9 pg/mL). Likewise, both compounds 1 and 2
showed potent antioxidant activity with Cso = 32.65+0.31 pg/mL, and 26.96+0.19 pg/mL
respectively. In vitro studies were supported by molecular docking and drug-likeliness
properties. In silico studies of 1 and 2 with cyclooxygenase-2 (COX-2), the enzyme explored the
perfect binding affinity with binding energies of -8.4 kcal/mol and -8.6 kcal/mol respectively,
comparable to standard ibuprofen (-7.7 kcal/mol). Drug likeness and ADMET showed higher
gastrointestinal absorption of 1 and 2 and no toxic impact.

Key Words: Anti-inflammatory, Antioxidant, Flavonoids, Molecular docking, Reactive Oxygen

Species, Zanthoxylum armatum DC

3. Experimental

3.1. Instrumentation

The ethanolic extract was concentrated in a rotatory evaporator IKA (Werke GmbH &Co. KG,
Germany) at 40°C and freeze dried .Column chromatography was performed using (230-400
mesh size, E. Merck, Darmstadt). The EI-MS spectra were obtained on El (LR) JEOL MS
ROUTE 600H-1, (JEOL, Ltd, Tokyo, Japan). The NMR spectra were acquired on AV-400

instruments (Bruker, Switzerland).
3.2. Plant Collection

Matured fruits of Z. armatum DC were collected from the Pyuthan district at an altitude of 2200

meters above sea level in Nepal in October 2017. Deposition of a voucher specimen (TUCH:



201016) of the herbarium was done after authentication at the Tribhuvan University Central

Herbarium, Kritipur.

3.3. Extraction and Isolation

Five kilograms of mature fruit pericarp, Z. armatum DC, were used for extraction using 80%
ethanol/water (20 L). 600 g of concentrated extract yield 150.0 g of hexane fraction. 145 g of
ethylacetate fraction (Za-B) obtained was column chromatographed on silica gel using different
gradients of hexanes and dichloromethane, resulting in 10 sub-fractions. Eluents were collected
based on the TLC results (ZaBA-ZaBJ). 20 grams of ZaBE further purified that yield
compounds 1 and 2 quantitavely 70 mg and 30 mg, respectively.

3.4. DPPH Antioxidant Assay

Antioxidant activities of the extract, fraction, and compound of Z. armatum were determined by
free radical scavenging assay following the previously described method with minor
modifications (Mensor et al. 2001). For antioxidant determination, 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH, Sigma-Aldrich).Triplicates of the sample (100uL), 1mg/ml prepared in 50%
DMSO and serially diluted, with (100uL) DPPH of concentration 0.1 mM each were pipetted in
96 well plates. After recording the initial absorbance at 517 nm (Epoch 2, BioTek, Instruments,
Inc., USA), the sample was placed in the dark for half an hour. Percentage inhibition was
calculated using formula below. After final absorbance the half maximum inhibitory

concentration (ICso) was calculated.

Acontroi - Asamp.te

% inhibition = ( ) ¥ 100

Acontr‘ol

Where Acontrol IS the absorbance of the control and Asample is the absorbance of the sample.
3.5. Oxidative Burst Inhibition Assay

Investigation were carried after an approval from an independent ethics committee was for anti-
inflammatory studies on cells from human blood at, ICCBS, UoK, No: ICCBS/IEC-008-BC-
2015/Protocol/1.0. The anti-inflammatory activity was determined using a luminol-enhanced
chemiluminescence test a predetermined protocol (Helfand et al. 1982). For the effects of

samples of Z. armatum on reactive oxygen species produced by human whole blood phagocytes



briefly, 25 uL of diluted whole blood HBSS++ (Hanks Balanced Salt Solution, containing
calcium chloride and magnesium chloride) [Sigma, St. Louis, USA] was added to 25 pL of the
sample at three different concentrations, all in triplicate, and were incubated. HBSS++, and in
the control wells, only cells were added. The experiment was carried out in a white half-area 96-
well plate [Costar, NY, USA], which was incubated for 15 minutes at 37°C in the thermostat
chamber of a luminometer [Labsystems, Helsinki, Finland]. After incubation, 25 pL of serum
opsonized zymosan (SOZ) [Fluka, Buchs, Switzerland] and 25 pL of luminol [Research
Organics, Cleveland, OH, USA], an intracellular ROS detecting probe, were added to each well
except blank wells (containing just HBSS++). Relative light units (RLU) luminometer was used
to record the wells ROS level and % inhibition calculated using formula as below. Standard
Ibuprofen is preferred over others due to wide availability over the counter as a generic
medication, cost-effective, an anti-inflammatory for humans (Hofbauer et al. 1998) that delays
Alzhemiers’ disease associated with chronic inflammation (Lim et al. 2000), effective

analgesic(Doyle et al. 2010) and a better antidepressant (Mesripour et al. 2020).

Control — Sample

Percentage inhibition = m?erageRLU( ) x 100

Control

3.6. Molecular Docking and ADMET Analysis

3.7. Preparation of Protein and Ligands

The three-dimensional structure of Cyclooxygenase-2 (prostaglandin synthase-2) complexed
with a selective inhibitor SC-558 (PDBID: 1CX2) was retrieved from the protein data bank
(PDB) (https://lwww.rcsb.org/) in .pdb format.The protein was prepared using ChimeraX and
AutoDockTools-1.5.6. All the co-crystallized ligands, non-standard residues, and water
molecules were removed from the protein. In addition, the polar hydrogens and Kollman charges
were added to it saved in .pdbgt format for molecular docking. The ligands were prepared using
Avogadro and AutoDockTools-1.5.6. The 3D structures of 1 and 2 and the standard ibuprofen
were downloaded from PubChem (https://pubchem.ncbi.nim.nih.gov/) in .sdf format. The
downloaded ligands in .sdf format were first converted to .pdb format using Avogadro after

optimizing geometry. Then, they were converted into .pdbgt format.



3.8. Protein Active Site Prediction and Molecular Docking

The active binding site of the downloaded protein was predicted using Biovia Discovery Studio.
After determining the perfect binding site of the enzyme, a grid box was set to 20 x 20 x 20 with
spacing 0.375A and the center set to x = 25.720, y = 28.054, and z = 7.827. All the target
proteins, ligands, and grid box center data were saved as a configuration.txt file. Lastly,
molecular docking was performed using autodock vina(Trott and Olson 2010). In the context of
bioactive compounds, the conformation of the ligand with the lowest affinity was considered as
the most stable conformation. Biovia Discovery Studio was used to analyze the result.

3.9. Validation of Molecular Docking

The molecular docking protocol was validated by isolating the SC-558 ligand from the protein
(1CX2) and redocking in the same position. The lowest energy pose on redocking was chosen to
superimpose the previous bind position of the ligand, and its root mean square deviation
(RMSD) was calculated.

3.10. Drug Likeness and ADMET Analysis

The compounds were subjected to the drug-likeness test. Lipinski’s rule of 5 (ROS5), Ghose,
Veber, Egan, and Muegge’s rules were applied to test the drug-likeness of the
compounds(Lipinski et al.; Ghose et al. 1999; Egan et al. 2000; Muegge et al. 2001; Veber et al.
2002). The drug-likeness was tested using SwissADME, and pkCSM web server (Pires et al.
2015; Daina et al. 2017). Additionally, Molinspiration webserver was used to determine the

enzyme inhibitor mol inspiration bioactivity score.



Supplementary data of anti-inflammatory and antioxidant activities

Fig-S1: Key HMBC correlations of 1 and 2

Redocked ligand Co-crystallized SC-558 ligand

Fig. S2: Superimposition of co-crystallized SC-558 ligand (blue) and redocked ligand (red)



©) &

Fig. S3: 2D & 3D interaction of enzyme (1CX2) with a) compound 1 and b) 2 c) Ibuprofen

Table S1: ADMET parameters of compounds 1 and 2.

Properties Tambulin (1) Prudomestin (2)
Molecular Weight (g/mol) 344.32 330.29
Topological Polar Surface Area 98.36 A2 109.36 A2
(TPSA)
Water Solubility Moderately Soluble Moderately Soluble
Gastrointestinal (GI) absorption High High
BBB permeant No No
CYPAL2 inhibitor Yes Yes
CYP2C19 inhibitor No No
CYP2C9 inhibitor Yes Yes
CYP2D6 inhibitor Yes Yes
CYP3A4 inhibitor Yes Yes

AMES toxicity No No




Hepatoxicity No No
Skin sensitization No No
Drug-likeness Yes Yes
(Lipinski, Ghose, Veer, Egan,
Muegge)

Table S2: Molinspiration bioactivity score of compounds:

Compounds Enzyme inhibitor (molinspiration bioactivity
score)
1 0.17

2 0.20
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Abstract:

Zanthoxylum armatum DC, commonly known as toothache tree, is utilized for treating inflamed gums. The plant’s
volatile constituent possesses a robust fragrance and contributes to its tangy taste. This study investigates the
bioactivities, including bio-pesticidal, antimicrobial, and anti-inflammatory properties as well as the chemical
profiling of the n-hexane fraction based on GC-MS analysis. The evaluated activities involve contact toxicity,
microplate alamar blue assay, against three different insects, five bacteria, and seven fungi, and oxidative burst
assay. The NIST library serves as a standard reference database for constituent identification. Remarkable
insecticidal activities comparable to the standard drug permethrin were observed, particularly against Rhyzopertha
dominica (100%), Tribolium castaneum (60%), and Sitophilus oryzae (50%). The fraction exhibited significant
antifungal activity against Fusarium lini (85%) and notable inhibition against B. subtillis (67.27%) and S. aureus
(65.25%). Potent anti-inflammatory effects were noted with an ICsy value of 11.2+£1.9 ug/ml, equivalent to
standard ibuprofen at various concentrations. GC-MS analysis identified twenty compounds, with major ones
including trans-13-Octadecenoic acid (36.08%), Cis-9 hexadecenoic acid (18.66%), and 2-propenoic acid 3
phenyl methyl ester (11.08%). The diverse bioactivities observed may be attributed to the varied nature of
compounds such as polyunsaturated fatty acids and their oxides. This research revealed the potential of Z.
armatum as a potential bio-pesticide, anti-inflammatory, and antimicrobial agent.

Keywords: Anti-inflammatory, Bio-pesticide, GC-MS, Insecticidal, Zanthoxylum armatum DC

Introduction pesticides, resulting in acute pesticide poisoning,

particularly in developing nations [2]. The concern for
Synthetic pesticides have adverse effects on all _ ) o o _

unintentional acute pesticide poisoning poses a major
consumers in the food chain, impacting the entire

health challenge, with Southern Asia reporting the
ecosystem [1]. Pathogens such as insects, fungi, and _ _ -

highest number of cases [3]. Embracing traditional
bacteria contribute to significant losses in productivity ] ) ]

practices, such as using specific plants for food
and yield in agriculture. To combat these challenges, o o

storage by indigenous communities, presents an
farmers often resort to the excessive use of chemical

36 https://www.nepjol.info/index.php/JINCS
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alternative approach to preserving food and managing
pests. Natural resources like plants, animals, bacteria,
and minerals can serve as bio-pesticide due to their
insecticidal, antibacterial, or antifungal properties The
use of various natural resources such as plants,
animals, bacteria, and minerals can serve as bio-
pesticides in controlling pests, insects, weeds, and
various diseases due to their insecticidal, antibacterial,
or antifungal properties, offering a more sustainable
and eco-friendly means of pest control [2]. The
adaptation of eco-friendly pesticides can have long-
term positive impacts on overall plant and animal
species with numerous modern medications being

derived from conventional practices [4].

Zanthoxylum armatum, locally known as Timur in
Nepal, is an economically valued medicinal plant
belonging to the Rutaceae family. Widely distributed
in Nepal ranging from 1000-2500m in uncluttered
places. Besides this plant is also distributed in India,
Bhutan, China, Taiwan, the Philippines, Malaysia,
Pakistan, and Japan, at an altitudes ranging from
1000-1500m [5], [6].Renowned as a toothache tree, it
contains various phytochemicals, including alkaloids,
sterols, flavonoids, saponins, coumarins, glycosides,
benzoids fatty acids, alkenes acids, and amino acids
[7], [8]. Studies have demonstrated the antioxidant,
anti-inflammatory, cytotoxic, and hepato-protective
activities of phytochemicals found in different parts of
the plant [9]. The alkaloids in Z. armatum exhibit
diverse biological and pharmacological properties
including larvicidal, antinociceptive, antioxidant,
antibiotic, hepatoprotective, antiplasmodial, cytotoxic,
antiproliferative, anthelminthic, antiviral, antifungal,
and anti-inflammatory activities [10]. Locals use
crude extracts for their purported anti-helminthic,
stomachic, and carminative properties to treat

bacterial infections [11]. Additionally, the essential oil

https://www.nepjol.info/index.php/JINCS

from leaves and fruits, rich in fatty acids and esters,

adds to the plant’s economic value.

This study specifically focuses on investigating the
bioactivities on the n-hexane fraction of Zanthoxylum
armatum DC and its constituents through GC-MS.
The synergistic effects of natural compounds may
reveal various biological benefits and provide
essential dietary supplements. The hydrophobic nature
of hexane as a solvent makes it adept at extracting
volatile compounds like fatty acids and their
derivatives, underscoring the potential significance of

the identified constituents.

Material and Methods
D Collection of plant materials and
partitioning

Matured fruit pericarp of Zanthoxylum armatum DC
were collected in October 2018 from higher altitude
(>2200 m above sea level) Pyuthan district of Nepal.
Authentication of the herbarium of Zanthoxylum
armatum was done at the Central Department of
Botany, Tribhuvan University Central Herbarium,
Kritipur. Specimen voucher no TUCH (201016) was
deposited in the same department. The powdered form
of the extract five kilograms was soaked in 80%
EtOH/H20, one kilogram in four litres. It was
shacked manually for homogeneous distribution. This
procedure was repeated thrice. The clear filtrate was
taken and concentrated in rotatory evaporator IKA
(Werke GmbH &Co. KG, Germany) at 40 °C and
dried in the freeze drier (HETOSICC, Heto Lab
Equipment, Denmark) at 55 oC. The concentrated
ethanolic extract (600 g) was then fractionated to

obtain a lower polarity hexane fraction of 150 g.

1) Characterization of hexane fraction

of Zanthoxylum armatum
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The Agilent technologies 7000 GC/MS triple

quadrupole acquisition method was used to
characterize the hexane fraction (MS-7000, GC
7890A). The ZEBRONZB-5HT column was used at
400 °C: 30mx320um x 0.25 pm, In Front SS inlet He
and Out Vacuum. The oven was equilibrated for 5
minutes before running for 72 minutes at 60°C
(8°C/min to 240 °C for 20 minutes and 15 °C/min to
300 °C for 5 minutes). The injected sample volume
was 1.5 pL. The spectra were computer-matched
using the NIST Mass Spectrometry Data Center and
the WILEY 7.0 library, and the retention times of
known species injected in the chromatographic

column were used to identify the peaks.

III) Identification of Components

Each of the mass spectra in GC-MS was identified by
comparing the mass spectral fragmentation patterns
head to tail of each constituent with those in the
National Institute of Standards and Technology's
(NIST) Mass Spectral Libraries version 2.2 database
[12].

IV)  Microplate Alamar Blue

(MABA)

Assay

Microplate alamar blue assay test used five different

bacteria: Bacillus subtilis ATCC23875,
Staphylococcus aureus NCTC 6571, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC
10145, and Salmonella typhi ATCC 14028. MABA
was performed on hexane fraction at the concentration
of 3000 pg/ml whereas the concentration of standard

ofloxacin used was 100 pg/ml.

V) Insecticidal activity by contact

toxicity method

For insecticidal activity by contact toxicity method,

three major insects were used namely Tribolium
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castaneum, Sitophilus oryzae, Rhyzopertha dominica.
The hexane fraction used for the activity was 2038.20
ng/cm’ whereas the standard Permethrin used was

239.5 pg/em’.

VI)  Antifungal activities

In vitro antifungal bioassay was performed with a
concentration of sample as 3000 pg/mL of DMSO
with an incubation time of 7 days at a temperature of
27 °C. Seven different fungi; Trichophyton rubrum,
Candida albicans, Aspergillus niger,
Microsporumcanis, Fusarium lini, Candida glabarata
and Aspergillus fumigatus were used for the

antifungal activities.

VII) Ocxidative Burst Assay using

Chemiluminescence Technique

The anti-inflammatory activity was determined using
a luminol-enhanced chemiluminescence test, based on
a predetermined protocol [13]. In brief, 25 uL of
diluted whole blood HBSS++ (Hanks Balanced Salt
Solution, containing calcium chloride and magnesium
chloride) [Sigma, St. Louis, USA] was added to 25 pL
of the hexane fraction in triplicate at three different
concentrations (10, 50 and 250ug/ml) and incubated.
HBSS++, cells were added to the control wells only.
The experiment was carried out in a white half-area
96-well plate [Costar, NY, USA], which was
incubated for 15 minutes at 37 °C in a luminometer's
thermostat chamber [Labsystems, Helsinki, Finland].
Following incubation, 25 pL of serum opsonized
zymosan (SOZ) [Fluka, Buchs, Switzerland] and 25
puL of an intracellular reactive oxygen species
luminol

detecting probe,
Cleveland, OH, USA] were added into each well

[Research  Organics,

beside the blank wells containing HB++. Ibuprofen

was used as a standard. A luminometer was used to

https://www.nepjol.info/index.php/JINCS



calculate the amount of ROS in terms of relative light

units (RLU).
Result and Discussion

The result section consists mainly of two parts

chemical and biological.
A) Chemical part

This portion consists of the analysis of the GC-MS
portion, the structure of major compounds, and the

mass spectra of major compounds as follows.
I) GC-MS Analysis

Gas Chromatography coupled with mass spectrometry
is a direct and quick analytical approach. It operates

with high separation efficiency flexibility and

selectivity with mass sensitivity in detection [14].
Identification of volatile matters generally includes
long and short-chain polyunsaturated fatty acids,
alcohols, etc. The GC

chromatograms of the hexane fraction indicating total

hydrocarbons, esters,
ion concentration are shown in Figl and Fig. 2 below.
Table 1 consists of the compounds identified from
each constituent’s mass spectral fragmentation pattern
from head to tail. The sample mainly consists of
hydrocarbons, polyunsaturated fatty acids, long and
short-chain hydrocarbons, terpenoids, and esters. The
aromatic flavor of the fruit was found to be a mixture

of esters and various compounds.

SN tp(min.) Compound Compound nature Peak area
1 5.96 Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6-trimethyl-  2-Pinen-4-one 0.04
2 7.16 2Furanmethanol,Sethanyltetrahydro-a,a,5- cis-Linaool Oxide 0.16
trimethyl-cis-
3 7.49 a-methyl-a[4-methyl-3pentrnyl]oxiranemethanol 0.16
4 7.86 1,6-Octadien-3-0l,3,7,dimethyl- p-Linalool 6.77
5 9.4 3-Cyclohexen-1-ol, 4-methyl-1-(methylethyl)-  p-Menth-1-en-4-ol 0.03
6 9.6 3,7-octadione-2,6-diol,2,6-dimethyl 1,5-Octadiene-3,7-diol,3,7-dimethyl-  1.72
7 13.51 2-propenoic acid,3 phenylmethylester Methyl cinnamate 11.08
8 14.06 Bicyclo[7.2.0Jundec-4-ene,4,11,11-trimethyl-8-  1.4,11,11-Trimethyl-8- 0.12
methylene-[IR-(1R*,4Z,95%)] methylenebicyclo[7.2.0Jundec-4-ene
9 14.89 2-Propenic acid, 3-phenyl Cinnamic acid 0.22
10 16.9 Caryophyllene oxide p-Caryophyllene oxide 0.61
11 21.85 Methylhexadec-9-enoate 5.58
12 222 Hexadecanoic acid, methylester Palmitic acid, methyl ester 2.77
13 238 Cis-9 hexadecenoicacid Palmitoleic acid 18.66
14 242 n-hexadecanoic acid Palmitic acid 7.5
15 26 9-octadecenoicacid(Z)-methylester Oleic acid, methyl ester 2.93
16 27.85-29.46  9,12-Octadecadienoic acid (Z, Z)- Linoleic acid 1.78
17 2936 Trans-13-Octadecenoic acid 36.08
18  29.63-36.25  Icosapent -3 Marine Triglycerides 3.28
19 5142 Isopulegol acetate Isopulegyl acetate 0.37
20 57.67 F-Amyrin Olean-12-en-3-ol, (3B)- 0.14

Table 1: Phytoconstituent identified in the hexane fraction of Zanthoxylum armatum DC.
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Journal of Nepal Chemical Society, February 2024 Vol. 44, No.1

Fig 1 GC Chromatogram showing tR between 6.0 and 68 min

451 TIC Scan JANAKH-72- 802D

Fig 2 GC Chromatogram showing tR between 7.0 and 31

min
II) Structures of major compounds

The structure of some compounds of hexane fraction

Zanthoxylum armatum is presented below.

HO

x P

linalool
\ O/

Cinnamic acid methyl ester

WOH

linoleic acid

WW\/\)K/

9-octadecenoic acid (Z) methy! ester

MOH

cis-9 hexadecenoic acid

/\/\/:\/:\/\/\/\)kw

cis-9-cis-12-octadecadienoic acid
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3,7-octadiene-2,6-diol,2,6-dimethyl

Icosapent

IIT) Bioactive constituents

Among the twenty compounds identified from the
hexane fraction, some compounds with remarkable
activities reported are listed below. Compound
linalool is one of the major constituents reported with
diverse activities along with palmitic acid, cinnamic
acid methyl ester, methyl oleate, trans-13 -
octadecenoic acid, palmitoleic acid, and methyl
palmitoleate. Studies show these compounds as
anticancer, antibacterial, and anti-inflammatory along

with diverse applications as mentioned in Table 2.

Table 2. Phytoconstituents with reported activities

Compound Activities Citation
Linalool Anti-inflammatory, [15]
anticancer, anti [16]
hyperlipedemic, [17]
antimicrobial, antinoceptive,
analgesic, anxiolytic,
antidepressive,
neuroprotective,
anticonvulsant
Palmitic acid Anti-inflammatory [18]
Cinnamic acid Anticancer, Antibacterial, [19]
methyl ester Anti-fungal, Neurological
disorders
Methyl oleate Antifungal [20]
Trans-13- Human metabolite
octadecenoic
acid
Palmitoleic acid  Anti-inflammatory [21]

https://www.nepjol.info/index.php/JINCS



IV) Major compounds of hexane

fraction of Zanthoxylum armatum

DC

Predominant compounds with area percentages above
10% are presented in Table 3 below with their
name/nature, molecular weight, molecular formula,

and NIST matching as observed from GC-MS.

Table 3: List of major compounds from hexane fraction of

Zanthoxylum armatum DC.

1) Insecticidal activity

The insecticidal activity was observed using the
contact toxicity method in three types of insects
namely Tribolium castaneum, Sitophilus oryzae,
Rhyzopertha dominica. The hexane fraction used for
the activity was 2038.20 pg/cm” whereas the standard
insecticidal drug Permethrin used was 239.5 pg/cm’.
Insecticidal activity revealed hexane fractions as
highly active. The percentage mortality of these

insects observed was 100%

Peak  Retention Area Compound name/nature ~ MF/Mwt  NIST against Rhyzopertha
no time % matching dominica and moderately
7 13.51 11.08 2-propenoicacid,3 C10H;00, 229225 active against Tribolium
phenylmethylester(Methyl 162 castaneum at 60% and
cinnamate) Sitophilus oryzae at 50%.
13 23.81 18.66 Cis-9-hexadecenoicacid C16H300, 333195 The hexane fraction of
(Palmitoleic acid) 254
Zanthoxylum armatum was
18 29.36 36.08 Trans-13-Octadecenoic CsH3,0, 333615 ) ) o
) active against Tribolium
acid 282

NB: MF: Molecular Formula, Mwt: Molecular weight
B) Biological Activities
D MABA Bioassay

The preliminary screening of antibacterial assay of
hexane fraction revealed good percentage inhibition
against S. aureus (65.25%) and B. subtilis (67.27%)
only but no activity against Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 10145, and
Salmonella typhi ATCC 14028. The standard drug
ofloxacin possesses 91.23%. The inhibition against
particular bacteria could be related to the major
constituents of hexane fraction possessing a
hydrophobic nature which makes it easier during
partition with the lipids in the cell membrane of
bacteria thus making it more permeable by disrupting
the cell membrane leading to changes in cytoplasm,
and leakage of critical molecules eventually causing

the death of the bacterial cells [23].
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castaneum and Sitophilus
oryzae. The highest activity, comparable to the
standard drug, was found to be against Rhyzopertha
dominica. Fig. 3 illustrates the efficacy of hexane
fraction equivalent to the standard drug in the case of
Rhyzopertha dominica along with other insects used

during insecticidal activity by contact toxicity method.

Insecticidal Activity

150
=
= 100
o
s, W |
xX
Tribolium Sitophilus  Rhyzopertha
castaneum oryzae dominica
Insects
B Hexane fraction Permethrin

Fig: 3 Graphical representation of percentage mortality of
various insects due to hexane fraction of Z. armatum and

standard drug Permethrin
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III)  Antifungal activity

In vitro antifungal bioassay was performed with a
concentration of sample as 3000 pg/ml of DMSO with
an incubation time of 7 days and temperature of 27 °C.
Among seven different fungus; Trichophyton rubrum,
Candida albicans, Aspergillus niger,
Microsporumcanis, Fusarium lini, Candida glabarata
and Aspergillus fumigatus. The hexane fraction was
significant on only Fusarium lini. Hexane fraction of
Zanthoxylum armatum showed highly significant
activity against F. /ini with linear growth of 15 mm
and inhibition of 85%. Standard drug Miconazole
possesses 73.25 pg/mL as its minimum inhibitory
concentration. Particular antifungal properties of F.

lini might be due to terpenes in this fraction [24].

IV)  Anti-inflammatory activity

Inflammation is a non-specific immune response that
occurs after physical injury with primary symptoms as
changes in blood flow, cellular metabolism, and
related. This disorder in some conditions leads to
chronic inflammatory disease [25] amplifying stress in
chronic condition cases disturbing the quality and
productivity of life with huge financial loss [26]. For
the anti-inflammatory activity determination, 1 mg of
hexane fraction was used with the standard Ibuprofen.
The percentage inhibition of Ibuprofen at 25 pg/mL
was (73.2+ 1.4) % with the inhibitory capacity
IC5=11.2+1.9pug/mL. Likewise, the hexane fraction at
10pg/ml concentration inhibited 79.4% revealing
potency ICso = 11.2+1.9ug/mL. The potency of this
fraction against reactive oxygen species (ROS) might
be due to the well-known anti-inflammatory
compounds such as terpenes and sesquiterpenes.
Studies show the use of terpenes as a skin penetration
booster medium in the case of various inflammatory

diseases probably supports the potency of hexane
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fraction [24]. Fig 4. Represents the anti-inflammatory
activities of hexane fraction at various concentrations

and standard drug ibuprofen used.

Hexane fraction

200.0

Relative Li

250ug/ml Control

50ug/ml  10ug/ml

Fig: 4 ROS inhibition activity (ICs, value) of hexane

fraction and standard drug ibuprofen
Discussions

This investigation of non-polar constituents through
GC-MS revealed the polyunsaturated fatty acids and
their oxygenated derivatives and terpenes as the
majority. GC-MS quantitatively identified 20
phytoconstituents some of which are potent bioactive.
The major bioactive compounds identified were 2-
propenoic acid, and 3-phenylmethyl ester consisting
of 11.08 percent of the area. Similarly, Cis-9-
acid (18.66 %),

octadecenoic acid (36.08 %) were found as major

Hexadecenoic and trans-13-
constituents. Studies show the essential oil from the
fruit pericarp of Z. armatum possesses remarkable
antibacterial activities with the majority of
constituents as linalool, methyl trans-cinnamate, and
limonene as revealed through GC-MS [27]. These
degradable, environmentally friendly, non-toxic
bioactive compounds are responsible for insecticidal
and antimicrobial characteristics overall possessing
the qualities of bio-pesticides [28]. Studies also
suggest flavonoids isolated from the plants such as
tambulin and prudomestin possess remarkable anti-

inflammatory properties and hence are suitable drug

https://www.nepjol.info/index.php/JINCS



candidates [29]. The present study revealed higher
mortality of some insects by the n-hexane fraction of
the plant may be due to the presence of the mono-
terpenoids. The presence of various esters with a
mixture of aromatic compounds is responsible for the
strong odor of fruits. The potent bioactive properties
of its volatile oil are also due to compounds like
linalool, limonene, and lignin [27], [6]. Studies
through GC-MS of hexane extract obtained through
hot Soxhlet revealed 36 phytoconstituents in GC-MS
with 2-hydroxy cyclopentadecanone as a major
constituent [30]. Compounds like unsaturated fatty
acids play an important role from an early stage of
neurodevelopment [31], [32]. Polyunsaturated fatty
acids due to their flexibility and conformational states
are more significant than corresponding saturated fatty
acids as the liver prefers to convert them to ketone
bodies rather than to  other atherogenic
lipoproteins[33], [34]. Nutrition with polyunsaturated
fatty acids has been employed to treat and fight
against atherosclerosis as well as to inhibit thrombosis
[35] thus dietary supplement of this highly valued
Zanthoxylum armatum 1is quite relatable to the
practical impacts. Together polyunsaturated fatty
acids with hyperlipidemia and statin medication aid in
lowering triglyceride levels [36]. Dietary saturated
fatty acids influence inducing inflammation, in
addition to their indirect role of raising low-density
lipoprotein (LDL) cholesterol levels [37]. Such fatty
acids affect the rate of LDL cholesterol synthesis and
elimination besides preserving the steady state of LDL
content of cholesterol in plasma. Hence dietary intake

of polyunsaturated fatty acids obtained from plant

Zanthoxylum armatum 1is of high importance in
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improving lipid profile as the length of the fatty acid
chains of their cis/trans isomers also has drastic
variation in cholesterol metabolism [38]. Potent
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revealed the possible use of a hexane fraction of Z.

armatum as a potential bio-pesticide.
Conclusions

The hexane fraction of Zanthoxylum armatum DC was
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developed as a biopesticide against Rhyzopertha

dominica.
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INTRODUCTION
Zanthoxylum  armatum

DC

Abstract

The fruit pericarp of Zanthoxylum armatum DC is used in spices and to
manage different diseases like toothaches, inflamed gums, arthritis, swollen
joints, insect bites, diarrhea, common flu, and respiratory difficulties by local
people. In this study, the essential oil was extracted from the fruit pericarp
of Z. armatum DC collected from different commercial sites in Nepal
using the hydro-distillation method. The chiral gas chromatography-mass
spectrometry (GC/MS) was used to identify the chemical compounds present
in the essential oil with their stereochemistry. Major constituents identified
in all samples included linalool, limonene, and methyl trans-cinnamate.
Linalool, a monoterpene alcohol, exhibited the highest percentages in all
three samples, recording 58.31%, 58.45%, and 80.37% in Salyan, Surkhet,
and Myagdi respectively. Notably, twenty-five enantiomeric components
were identified using chiral GC/MS among its sixty constituents. The
enantiomeric component distribution of linalool and limonene was in their
(+) dextrorotatory form, while others were dominant in the levorotatory
form. This research underscores that Z. armatum from the Myagdi district of
Nepal, is a prominent source of the medicinally and industrially important
compound linalool, along with exhibiting higher antimicrobial activity. To
the best of our knowledge, this represents the first report of a chiral GC/MS
study conducted on this plant.

Keywords
Antimicrobial activity, Chiral GC/MS, Essential oil, Linalool, Zanthoxylum armatum DC

their beneficial properties as hepatoprotective,

Synonym  cytotoxic, antioxidant, anti-inflammatory, dental

Zanthoxylum alatum Roxb' is an economically
valuable plant of the Rutaceae family commonly
called ‘Timur’ in Nepal. In Nepal, it is
distributed from east to west at an altitude range
of 1000-2500 m while in other countries such
as India, Bhutan, Taiwan, Malaysia, China, the
Philippines, and Japan it is found at 1300-1500
m above sea level®. For centuries, locals have
used it as a spice and condiment, as well as in
cooking. Besides it is used in the treatment of
various ailments due to promising properties
like toothache, anthelminthic, stomachic, and
carminative*>. Whole parts of the plants such
as leaves, bark, fruit, and seed are used due to

pain, scabies and insect repellents®. Such diverse
bioactive properties can be collectively attributed
to the presence of various phytochemicals,
including potent flavonoids’, alkaloids, sterols,
phenolics, lignins, coumarins, terpenoids,
glycosides, benzenoids fatty acids, alkanoic
acids, and amino acids®. Tambulin from this
plant acts as an insulin secretagogue’® and active
vasorelaxant'’. With potent analgesic, antipyretic,
and anti-inflammatory activities demonstrated
in many in vivo and in vitro experiments, this
plant is also used in the treatment of various
illnesses, and disorders such as fever, pain, and
inflammation'!. Alkaloids from this plant possess
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anti-plasmodial, antiviral, anti-helminthic, larvi-
cidal, and anti-proliferative properties*. The
methanolic extract of the plant, which contains
crude saponins from the fruit, bark, and leaves
possesses potent anticancer properties against
human breast and colorectal cell lines'?. The
promising nature of the whole plant beneficially
supports preliminary therapeutics in areas
lacking easy access to medicine. Nature has been
aboon to humankind for ages through its plethora
of floral kingdoms storing mysterious medicinal
properties that are explored at different times'’.
Z. armatum is one of such magical spices of
medicinal importance that needs to be explored.
Being an economically promising plant, its fruits
and essential oils are exported by locals'*. Studies
on its constituents during harvesting season and
topographic variation could result in different
bioactivities.

Essential oils are the secondary metabolites
produced by aromatic plants characterized by a
mixture of natural substances volatile in nature
that produce a strong odor'. Oil from aromatic
plants vaporizes quickly on heating without
any stain in filter paper unlike that of fixed oil
that remains longer'®. Aromatherapy of the
volatile constituent in an essential oil employing
inhalation helps to prevent and cure diseases'’.
The synergetic effect of various terpenes is
responsible for exhibiting such therapeutic
value'®. Some remarkable constituents of the
essential oil, such as linalool and its acetate,
are potent anti-inflammatory agents'. Linalool
alone possesses remarkable properties such
as antimicrobial, anticancer, and antioxidant.
It is also an eco-friendly pesticide besides
being a fragrance creator®. Wider application
of essential oil is as a food preservative?'?,
flavoring®, and in cancer prevention*. Among
3000 essential oils reported 300 of them are
industrially demanding. On an industrial scale,
essential oil and their constituents hold good
commercial space in perfumes and cosmetics,
in preparing sanitary items, in dentistry, in
preserving food, in agriculture, and many
more*. Monoterpenes and sesquiterpenes are
well-known  anti-inflammatory ~ compounds
and are hence used as skin penetration booster

mediums in different inflammatory diseases®.
The gas chromatography coupled with mass
spectrometry  explores probable bioactive
constituents in medicinal plants®. Chirality in
GC-MS plays a crucial role in aroma chemicals
because two enantiomers of the same compound
can have distinct sensory characteristics’!. Many
authors have reported the GC-MS analysis of the
essential oils of Z. armatum, but analysis of the
enantiomeric distribution of compounds using
chiral GC-MS is still lacking. This research
aims to reveal the enantiomeric distribution
of the constituents of the essential oil of fruits
of Z. armatum from the high altitude of Nepal
like Salyan (ZaS), Surkhet (ZaSU) and Myagdi
(ZaM) and their antibacterial properties.

MATERIALS AND METHODS

Collection of fruits and extraction of essential oil
The matured fruits of Zanthoxylum armatum
DC were collected from the major commercial
sites of Nepal, with the help of Botanist Dr.
Baburam Nepali. A voucher specimen (TUCH:
201016) was deposited after authentication
of the herbarium at the Tribhuvan University
Central Herbarium, Kritipur. Quantitatively, 250
g of fruit pericarp from each site was used for
oil extraction. The hydro-distillation procedure
of the extraction of essential oils was done in a
Clevenger apparatus for three hours.

Gas chromatography-flame ionization detection
(GC-FID)

Thus, obtained essential oils of the fruits of
Zanthoxylum armatum were analyzed through
Gas chromatography-flame ionization detection
with the previously reported method”’. Operating
condition for GC-MS used Shimadzu GC 2010
with flame ionization detector and column
ZB-5GC. Raw peak areas were used for the
determination of percentage composition without
standardization.

Chiral gas chromatography-mass spectro-
metry (GC-MS)

Determination of chiral GC-MS was conducted
to analyze the essential oil obtained from fruit
pericarp of Z. armatum. The instrument used for



this analysis was a Shimadzu GCMS-QP2010S,
operating in the electron impact (EI) mode with
an electron energy of 70 eV. The scan range was
set between 40 to 400 amu, with a scan rate of
3.0 scans per second.

The GC was equipped with a Restek B-Dex
325 capillary column, which had dimension of
30 meters in length, 0.25 mm internal diameter,
and a 0.25 pm film thickness. The temperature in
the oven was programmed to start at 50°C that
gradually increased to 120°C at a rate of 1.5°C
per minute, followed by an increase to 200°C at
2°C per minute. It was maintained at 200°C for
5 minutes. Helium gas with a flow rate of 1.8 ml
per minute was a carrier. Samples were diluted in
dichloromethane in 3% w/v concentration which
was injected 0.1 pL in a split mode at a split ratio
of 1:45. The enantiomers of monoterpenoid were
identified by comparing their retention times
with authentic samples acquired from Sigma-
Aldrich in Milwaukee, WI, USA. The relative
percentages of enantiomers were determined
based on the areas of the chromatographic peaks.

Antimicrobial activity and microorganisms
Antibacterial activities were conducted using
bacteria obtained from the American Type
Culture Collection (ATCC). The bacterial cultures
underwent sub-culturing and preservation in
Muller Hinton Agar (MHA) media, maintained
at a temperature of 4°C. The detailed list of the
microorganisms employed in the experiment is
presented in Table 1%,

Agar well diffusion assay

The agar well diffusion method was adopted
to observe the antibacterial properties with
slight modifications®. The bacteria used in the
experiment were cultured in Muller Hinton Broth
until their turbidity reached a level equivalent to
0.5 McFarland’s standard, which corresponds

to a concentration of 1.5x10® CFU/mL. Each
sterile cork borer was used to create wells with
a diameter of 6 mm. These wells were then
loaded with 10 pL of sample prepared in (1:1)
DMSO, positive control ciprofloxacin (5 pg),
and negative control DMSO and incubated for
24 hours at 37°C. The Zone of inhibition (ZOI)
was measured in mm.

REsuLTS

Essential oil yield

The essential oil thus obtained from the Clevenger
apparatus was dried over sodium sulfate and
their yield was recorded. Fruit of Z. armatum
DC from various sites yields different quantities
of essential oil ranging from 3.4 to 4%. The dry
fruit mass was taken for extraction and the yield
of these oils is presented in Table 2.

Compositions

The GC-MS of Z. armatum Salyan origin
(ZaS), Z. armatum of Surkhet (ZaSU), and
Z. armatum of Myagdi (ZaM) all revealed
60 different constituents at various retention
times. Composition-wise, the GC-MS of the
essential oil from the fruits of Z. armatum
revealed a predominant constituent of linalool;
58.32%, 58.45%, and 80.37% in ZaS, ZaSU,
and ZaM respectively. Limonene consists of
16.67%, 11.2%, and 3.65% in ZaS, ZaSU, and
ZaM respectively. A quantitatively remarkable
difference was observed with oil from ZaM.
trans-Methyl  cinnamate occupies 8.22%,
14.61%, and 9.55% at ZaS, ZaSU, and ZaM
respectively. A quantitatively higher amount was
observed in ZaSU. Additionally, the content of
[S-phellenderene was found to be more consistent
at 1.71%, 1.91%, and 1.23 % respectively. Cis
and trans linalool oxide are relatively lower in
the case of ZaM with only 0.5% whereas both
these constituents are >1% in both ZaS and ZaSU

Table 1. The microorganisms employed for antimicrobial activities in the experiment

Bacteria Gram Staining ATCC Number
Escherichia coli Gram-negative 25922
Klebsiella pneumoniae Gram-negative 700603
Staphylococcus aureus Gram-positive 25293




Table 2. Essential oil yields after hydro-distillation

Site of Collection Dry fruit mass Essential oil colour Percent yield (v/w)
Salyan 250gm Transparent 35
Surkhet 250gm Transparent 34
Myagdi 250gm Transparent 4

ZaS, ZaSU, and ZaM all were collected at the same period from their site of collection

respectively. The chemical compositions of the
constituents are depicted in a compiled form in
Table 3 with their Kovats index experimental
(KIexp) and Kovats index based on literature
(K.

Structures of major compounds

Structures of a few significant compounds present
in the essential oil of Z. armatum, as observed in
the GC-MS profile, are presented in Fig. 1.

Monoterpenoid enantiomeric distribution
Among 25 chiral compounds identified, the
chiral GC/MS revealed 13 compounds with their
enantiomeric distribution as depicted in Table
4. Linalool in its d (+) form is the dominant
constituent of essential oil from all three sites.
Similar to limonene, (-)-B-phellandrene and all
other enantiomeric components were dominant
in levorotatory forms in all the samples.

Enantiomeric distribution

The (+)linalool seems to be the predominant
constituent in all the samples along with
limonene, in their dextrorotatory form.
Enantiomeric distribution of the trace elements
present as o-thujene, a-pinene, B-pinene, and
sabinene revealed more of their distribution in
the levorotatory ones. Among all the thirteen
constituents in their various enantiomeric
distributions, p-caryophyllene is the only
constituent that is present in the levorotatory
form with no dextrorotatory component.

Elements detection

The elements detected in Z. armatum oil (EDX-
8000) quantitatively revealed the presence of S
(0.438%) and Cu (0.003%) only, with abundant
hydrocarbons (99.559%). The presence of sulphur

in a mixture of volatile-natured compounds
imparts its characteristic pungent order® in
addition to dominant olfactory receptors®!, ethyl
cis-cinnamate, and methyl frans-cinnamate. The
dominance of methyl trans-cinnamate possessing
characteristic flavour imparts tartness in spices
and condiments for pickles and vegetables.

Antibacterial activity

The essential oil obtained from the fruit of Z.
armatum was moderately active against the
bacteria tested compared to ciprofloxacin. Fig.
2 shows the potency of antibacterial activity
of the samples against the test organisms
studied. All the experiments were done in
triplicates and the results are expressed in
mean+SD mm. The highest zone of inhibition
(ZOl) against Escherichia coli (22.1+0.1 mm)
was observed from the essential oils extracted
from Z. armatum seeds of Myagdi (ZaM) and
moderate in Klebsiella pneumonia (19.37+0.15
mm) while no activity was observed against the
gram-positive test organism Staphylococcus
aureus used. Likewise the activity of essential
oil obtained from the fruit pericarp of salyan
reflected its ZOI at 14.1+0.1 mm against E. coli
and 12.13£0.15 mm against K. pneumoniae
whereas essential oil based from Surkhet
possessed its antibacterial activity against E.
coliat 13.2+0.1 mm and 13.10+0.10 mm against
K. pneumoniae. Z. armatum essential oils
possess remarkable ZOI against gram-negative
bacteria than the positive ones. Present research
contradicts previous ones which reported an
impact on gram-positive ones?’. Due to these
peculiar antimicrobial activities, indigenous
people often use it for brushing teeth, toothaches,
inflamed gums, wounds, and cuts as a natural
healing herb.



Table 3. Chemical profiling of the constituents of the essential oil (% area) from the fruit pericarp

of Z. armatum from different commercial sites in Nepal with actual and literature based KI values

Compound ZaS ZaSU ZaM KIexp KI,
Styrene 0.01 - - 890 -
a-Thujene 0.12 0.11 0.05 923 930
a-Pinene 0.2 0.18 0.04 931 939
Benzaldehyde 0.16 0.18 0.03 958 960
Sabinene 0.99 1.04 0.53 970 975
B-Pinene 0.19 0.17 0.04 975 979
6-Methyl-5-hepten-2-one - - 0.01 - -
Myrcene 1.53 1.64 0.51 987 990
0-2-Carene 0.05 0.04 - 998 1002
para-Mentha-1(7),8-diene 0.03 - - 1003 1004
para-Cymene 0.73 0.74 0.17 1023 1024
Limonene 16.67 11.2 3.65 1029 1029
B-Phellandrene 1.71 1.91 1.23 1030 1029
cis-Linalool oxide (furanoid) 1.66 1.37 0.5 1069 1072
trans-Linalool oxide (furanoid) 1.42 1.16 0.5 1085 1086
Perillene 0.03 - - 1097 1103
Linalool 58.31 58.45 80.37 1106 1096
Hotrienol 0.01 - - 1107 993
Linalool derivative 0.12 0.1 - 1112 -
endo-Fenchol 0.05 0.04 - 1115 1116
trans-para-Mentha-2,8-dien-1-ol 0.09 0.06 0.01 1122 983
cis-para-Menth-2-en-1-ol 0.21 0.04 0.04 1124 1118
cis-Limonene oxide 0.09 0.07 - 1132 1136
cis-para-Mentha-2,8-dien-1-ol 0.12 0.1 - 1136 1137
trans-para-Menth-2-en-1-ol 0.15 0.14 0.04 1141 1140
Citronellal - - 0.03 - 1140
Lavandulol 0.02 - - 1161 1169
Unidentified 0.03 - - 1172 -
trans-Isocitral 0.11 0.15 - 1175 1180
para-1,8-Menthadien-4-ol 0.09 0.04 - 1177 -
Terpinen-4-ol 1.34 1.09 0.25 1179 1177
Cryptone 1.4 1.05 0.36 1185 1185
3-cis-Hexenyl butyrate 0.45 0.38 0.1 1188 1146
a-Terpineol 0.44 0.38 0.18 1194 1188
Methyl chavicol 0.1 0.08 0.03 1196 1196
Dihydrocarveol 0.05 - - 1198 1194
Unidentified 0.07 0.06 - 1220 -
Cumin aldehyde 0.15 0.11 0.03 1240 1241

Carvone 0.19 0.11 0.02 1242 1263




Table 3 cont.

Compound ZaS ZaSU ZaM KI KI,
Linalyl acetate 0.04 0.04 0.01 1248 -
Piperitone 0.33 - 0.17 1251 1252
Methyl citronellate 0.03 0.02 0.01 1256 1261
Phellandral 0.32 0.18 0.04 1275 -
a-Terpinen-7-al 0.04 0.03 0.01 1284 1285
neo-Dihydrocarveol acetate 0.06 0.04 - 1304 1307
Limonene hydroperoxide 0.06 0.04 - 1317 -
Hydroxycryptone 0.03 0.05 0.01 1320 1315
Oxo-para-menth-1-en-7-al 0.07 0.07 - 1336 -
Unidentified 0.06 0.05 - 1340 -
Terpenediol 0.47 0.53 0.23 1357 -
Limonene hydroperoxide 0.04 0.04 - 1376 -
Methyl trans-cinnamate 8.22 14.61 9.55 1385 1378
Unidentified 0.03 - - 1389 -
Unidentified 0.03 - - 1406 -
B-Caryophyllene 0.06 0.05 0.14 1416 -
Unidentified 0.17 0.15 0.02 1443 -
Unidentified 0.25 0.17 0.2 1447 -
Caryophyllene oxide 0.2 0.18 0.12 1578 -
Humulene epoxide 11 - - 0.01 - -
v-Cadinene - - 0.01 - -
a-Muurolol - - 0.01 - -
Methyl palmitoleate 0.14 0.22 0.12 1899 -
Methyl palmitate 0.06 0.03 - -
Cyclhexadecanolide - - 0.06 - -
Unidentified 0.09 0.09 0.03 2039 -
Unidentified 0.06 0.04 0.01 2148 -
cis-9-Tricosene 0.08 0.05 - 2270 -

K1, , represents experimental Kovats Index value based on chemical profiling of Z. armatum essential oil from various

sites and K1, represents Kovats Index based on literature

DiscussioN

The components of the essential oil of Z.
armatum from various sites as shown in Table 3
reflected the same qualitative content with slight
differences in quantity and d (+) linalool being
one of the abundant compounds in all samples.
The essential oil yield from Z. armatum fruit was
reported to reach up to 6% in some cases, with
an average of 4-5%'" while we observed 3.4-
4% variation in yield. Many farmers in Myagdi

district sustain their livelihood economically with
this plant as it is one of the major cash crop.
Nationally 90% of its essential oil is exported
while only 10% holds the local market®. Our
study revel Z. armatum from Myagdi recorded
its highest content of linalool (80.37%) breaking
its previous record (74.12%)*. Constituent-wise
such variation is observed depending upon the
part of the plant and its topography. Previous
research explored essential oil from the bark of Z.
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Figure 1. Structure of major compounds present
in the essential oil of Z. armatum

armatum with a-pinene in dominance®*. Present
study reveals the enantiomeric composition of
chiral components of (-) nature with an almost
racemic distribution of limonene whereas the
essential oil of Z. armatum from Pakistan®
did not possess limonene. Biologically potent
activities of this oil constituent in synergy possess
larvicidal activity against mosquito vectors*

whereas antibacterial potency and reduction of
plasma triglyceride®” of the oils of Z. armatum
is particularly associated with the (+)linalool.
Topological variation in the oil constituent of its
fruit is observed with an abundance of 3-borneol
and iso bornyl acetate but not limonene**
in plants of Pakistan origin whereas leaves
extracted essential oil of Z. armatum belonging
to India possess bornyl acetate abundantly with
fewer percentages of limonene and linalool®®
likewise major constituents of its bark revel
a-pinene and 2-undecanone**. The nature of
constituent variation and the length of the fatty
acid chain are detrimental to the biological
properties. The olfactory response associated
with cis and trans isomers of some constituents
also possesses drastic variation in cholesterol
metabolism®. Similarly, biologically potent
activities of the essential oil reported in this plant
are significant anti-inflammatory, analgesic*”
and antifungal*' which is mainly due to its major
volatile nature of constituents such as linalool
and limonene. Essential oils particularly from
plants of the Rutaceae family are claimed to
possess qualitative improvement in lipid profile.
Despite all remarkable studies few notable
undesirable consequences of the essential oil of
Z. armatum were observed as it raised the level

Table 4. Compounds with enantiomeric distribution [%(+):%(-)]

in essential oil of Zanthoxylum armatum

Compounds ZaS ZaSU ZaM
a-Thujene 5.38:94.62  7.13:92.87  4.87:95.13
a-Pinene 13.64:86.36  13.74:86.26  21.01:78.99
Sabinene 7.73:92.27 7.73:92.27 8.68:91.32
B-Pinene 7.63:92.37  6.69:93.31 9.15:90.85
Limonene 56.62:43.38 54.92:45.08 56.74:43.26
B-Phellandrene 0.29:99.71 0.31:99.69 0.2:99.8
cis-Linalool oxide 19.79:80.21  16.09:83.91 21.11:78.89
trans-Linalool oxide  9.34:90.66  10.14:89.86  7.88:92.12
Linalool 92.59:7.41 93.11:6.89  93.13:6.87
Terpinen-4-ol 27.13:72.87 28.16:71.84 28.08:71.92
a-Terpineol 41.96:58.04 40.87:59.13 41.54:58.46
Piperitone 21.81:78.19 21.5:78.5 18.9:81.1
B-Caryophyllene 0:100 0:100 0:100




K. pneumoniae

Figure 2. Antibacterial activity of Essential oil of Zanthoxylum armatum from three different sites.
PC=positive control, NC=Negative control, Activity of EO. of Z. armatum fruits from M=Myagdi,

S=Salyan, SU=Surkhet

of urea in animal models** similar to essential
oil of M. longifolia which are toxic* in nature.
Outweighing all the odds the uses of Z. armatum
essential oil in asthma by the indigeneous people
is in accordance with broncho-relaxing and anti-
asthmatic properties*. Value of essential oil
can be maintained by appropriate monitoring
techniques that can minimize the chances of
commercial adulteration hence preserving
qualitative properties®. Collectively, the wide-
ranging properties of plants that possess essential
oils outweigh their limitations. Therefore,
continuous research to explore their potential
from a broader perspective is a current necessity.
This can add value to existing knowledge,
belief, and indigenous practices. Since nature-
based medications are associated with positive
healing psychology, they are cost-effective and
accessible to many people.

CoONCLUSIONS

Thus this study revealed variations of essential
oil of Z. armatum from different topologies based
on GC-MS and their enantiomeric composition.
The essential oil extracted from the fruit
pericarp of Myagdi was quantitatively higher.
All oil consists of 60 different constituents from
GC-MS and 13 form of various enantiomeric
distribution. (+)Linalool and limonene were
remarkably dominant in their dextrorotatory
form. Antimicrobial activities of these essential

oils showed that oil extracted from fruit pericarp
of Myagdi origin possesses potent activities.
Since the dominance of a particular compound
largely determines the bioactivity of the sample
this could be attributed to a higher percentage
of linalool comparatively. Likewise, the chiral
GC-MS of these essential oils also revealed d(+)
linalool in dominance.
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Abstract

Diabetes mellitus is being severe health problem globally with increasing patients every day. Due to lack
of effective and non-toxic medicine to cure diabetes. Plants that are used in ethnomedicine may be a good
source for antidiabetic drug discovery. Plants of the Sarcococca genus are medicinally important and are used
by local people for managing many diseases including diabetes. In the course of our continuous search of
antidiabetic plants and pure compounds, in vitro a-glucosidase, and a-amylase inhibition activity along with
the antioxidant activity of methanolic extract of Sarcococca coricea leaf ( Sc-A), Sarcococca coricea stem
(Sc-B), and dichloromethane fraction of methanolic extract of Sarcococca wallichi (Sw-D) were carried out.
The research revealed dicholoromethane fraction of S. wallichii (Sw-D) with good inhibition of a- amylase
enzyme (IC, = 53.79 + 2.50), whereas Sc-B inhibits a-glucosidase (20.97+2.37) effectively. Similarly, Sc-A
showed significant antioxidant activity with IC, =24.56+3.3. The total phenolic content on Sc-A and Sc-B was
calculated as 151.35+4.42 mg GAE/g and 86.22+1.59 mg GAE/g whereas the total flavonoid content on Sc-A
and Sc-B was found to be 21.61+4.88 mg QE/g and 24.09+4.02 mg QE/g respectively. Similarly, total phenolic
and total flavonoid content on Sw-D were found to be 85.26+3.16 mg GAE/g and 21.57+1.26 mg QE/g. To the
best of our knowledge, this is the first report of a-glucosidase and a-amylase inhibition activity in these plants.
This research work has scientifically supported the use of these plants to manage diabetes by local people and
has explored new plants for antidiabetic drug discovery research.

Keywords: o-glucosidase inhibitor, a-amylase inhibitor, antioxidant, Sarcococca

Introduction carbohydrates collectively by the role of a-amylase

Diabetes mellitus, commonly called type 2 diabetes
identified by hyperglycemia is caused due to various
degrees of f cell dysfunction and insulin resistance.
Patients with diabetes
globally with an associated two-fold excess risk of
cardiovascular, cerebrovascular, and peripheral artery

mellitus are increasing

disease [1], [2]. The search for potent antidiabetic
secretagogue from plant origin is in high demand due
to its low economic cost and lesser side effect. As
the consumed food has a direct impact on the blood
glucose level. The enzymatic digestion of complex

135

and a-glucosidase has been addressed as a potential
means of controlling postprandial hyperglycemia
by reducing the absorption of glucose from meals
[3]. Inhibitors of these enzymes help by delaying
in breaking mechanism of carbohydrates finally
leading to a decrease in the postprandial glucose
level in the blood [4]. Various researches targeting
the plant-based inhibitors are on an increasing trend
against these digestive enzymes o-amylase and
a-glucosidase as natural supplement and diet plays
a pivotal role in addressing the concern related to

https://www.nepjol.info/index.php/JINCS



Journal of Nepal Chemical Society, June/July 2022, Vol. 43, No. 1

synthetic drugs. Initiation of such research through
in vitro antidiabetic property of plant extract is
expressed by the inhibition of plant sample to the
enzymes a-amylase and a-glucosidase[5]. Plants with
the highest inhibitory activities against both of these
digestive enzymes are rare. Very few natural plants
are reported with a strong inhibiting capacity to both
these enzymes concomitantly[6]. Plants belonging
to Buxaceae family are reported to have potent to
moderate inhibitory capacity in multiple diseases
and need to be researched concerning antidiabetic
properties.

The evergreen Buxaceae family have four species of
Sarcococca reported from the various belt of Nepal,
S. coriacea, S. saligna, S. hookerina &S. wallichii[7].
These plants are rich in steroidal alkaloids. The nature
of compound in plants are responsible for the impact
of the result observed. The value of consumption
of natural plant products as herbal remedies in
treating certain ailments and disorders is a common
practice in Nepal. Locally people use the bark of
Sarcococca coriacea to get relief from swelling[8].
Similarly, leaves and shoots of Sarcococca plants
have been used for the treatment of rheumatic fever
in folk medicine[9]. Whole parts of this medicinally
important plant roots, stem, leaves, bark, and flowers
have been continuously under multidimensional
intense research for years.

The importance of these genera is reflected in many
types of research with biological activities ascribed to
isolated steroidal alkaloids. The alkaloids are pregnane
derivatives [10]. Potent biological activities include
acetylcholinesterase =~ and  butyrylcholinesterase
inhibition in various concentrations of compounds
pregnane type alkaloids

namelyhookerianamide-D, hookerinamide-E,

of class steroidal
hookerianamide F and hookerinamide G isolated
from Sarcococca hookeriana [11] in addition to
the antileishmanial property [12] Comopounds
of Sarcococca hookeriana as hookerianamide H,
hookerianamide 1, N-methylepipachysamine D,
Sarcovagine C, and dictyophlebine possess both
cholinesterase and antiplasmodial [13] properties
with good inhibitory activities. Leaves of Sarcococca

coriaceaofNepaleseorigincontains potentcompounds
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such as (-) vaganine D, (+) nepapakistamine A
with cholinesterase inhibitory activities. Likewise
other steroidal alkaloids isolated from leaves were
epoxypakistamine-A, epoxysarcovagenine D,
Funtumafrine C, and N-methylfuntumine [14]. All
these compounds except Funtumafrine C possess
potent acetylcholinesterase and butyrylcholinesterase
inhibition activity in a concentration-dependent
pattern. Breakthrough in research was observed
when flourine containing secondary metabolite has
been reported from a natural source for the first
time from Sarcococca coriacea, a novel class of
fluoropyrimidinesubstitutedalkaloidsalongwithmany
steroidal alkaloids with potent biological activities
[15]. Others isolated compounds were alkaloid
C, Na-methylepipachysamine D, Sarcovagenine,
Sarcovagine D,  N-methylpachysamine A,
dictyophlebine, 5,6-dihydrosarconidine, terminaline
andiso-N formylchoenmorphine. Rootsof Sarcococca
coriacea possess anti- leishmanial activities which are
also observed due to steroidal alkaloids such as iso-
N-formylchonemorphine and alkaloid C [16]. Rare
sugar alcohol, xylitol along with other sterols were
reported from flowers of Sarcococcacoriacea [17].
These all researches strongly add the medicinal value
of the plant under this genera. Owing to the strong
potency of all these species from Buxaceae family
this investigation continues to the in-vitro application
of antidiabetic property of Sarcococca coriacea leaf,
Sarcococca coriacea stem and Sarcococca wallichii
dichloromethane fractions as to the best of our
knowledge the antidiabetic potential of these plants
have not been reported till the date.

Materials and Methods

Plant Collection and Extract Preparation
Sarcococca coriacea plant was collected from
Kathmandu  district,  Kritipur =~ Municipality,
Champadevi-4 [27.66 °N, 85.27 °E, 2229 m, 16 July,
2018, J. Baral & Y.B. Poudel, JB100 (KATH)]. The
leaves and stems of the plants were separated air-
dried and ground to powder. With occasional shaking,
both leaves and stem powder were macerated in
methanol for ten days. It was then filtered, and the
filtrate was concentrated to obtain the crude extract
in a rotary evaporator. Similarly, this section of
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research on Sarcococca wallichii 1is in continuation
of our previous research [18] where the aerial part
of Sarcococca wallichii Staph. were collected from
(Kaski, Nepal) and identified by Prof.
Krishna Kumar Shrestha, Central Department of

Dhampus

Botany, Tribhuvan University, Kritipur, Kathmandu,
Nepal. A voucher specimen (No: SW-06) was
deposited in the same department.

Chemicals

2,2 Diphenyl 1 picrylhydrazyl (DPPH), a-glucosidase
from Saccharomyces cerevisiae, o-amylase from
porcine pancreases, 2-Chloro-4-nitrophenyl-a-D-
Maltotrioside (CNPG3) and p-Nitrophenyl-a-D-
glucopyranoside (PNPG) were purchased from
Sigma-Aldrich.

Total Phenolic Content (TPC)

Folin-ciocalteu’s reagent was used for the estimation
of total phenolic content [19]. In short, the plant
samples (20pL) were mixed with Folin-Ciocalteu’s
reagent (100pL) and Na,CO, (80uL) and left in the
dark for 15 minutes. Finally, absorbance was measured
at 765nm in a microplate spectrophotometer

Total Flavonoid Content (TFC)

The aluminium trichloride method was used to
estimate the total flavonoid content [20]. Briefly,
plant sample (20uL), distilled water (60uL), AICI,
(5uL), and CH,COOK (5uL) were mixed and kept
for 30 minutes at room temperature. The absorbance
was then measured at 415nm using a microplate
spectrophotometer.

Antioxidant Activity

The determination of antioxidant activity was done
by following the previously described method with
slight modification [21].The plant sample (100uL)
was mixed with DPPH (100pL) and kept in the dark
for 30 minutes. Finally, the absorbance was taken at
517nm in a microplate spectrophotometer. The free
radical scavenging activity was calculated using the
following formula.

Acontrol -

% inhibition = ( Y

Asample) % 100

rontrnl
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Where A

control

is the absorbance of the control and
A is the absorbance of the sample.

sample

In vitro a-Glucosidase Inhibition Activity
The in vitro o-glucosidase inhibition assay was

the described
previously with slight modifications[22]. Different

performed following methods
concentrations of 20ulL plant sample were mixed
with 20uL of the enzyme (0.2U/mL) with 120uL of
phosphate buffer solution and incubated at 37°C for
15 minutes. After that, PNPG (0.7mM) was added
and again incubated for 15 minutes at 37°C. Finally,
the absorbance was taken at 405nm in a microplate
spectrophotometer. The inhibition percentage was
calculated using the following formula.

Acontrol -

% inhibition = ( Y

Asample) % 100

control

Where A istheabsorbance of the control (DMSO),

and A is the absorbance of the sample.

pl

In vitro a-Amylase Inhibition Activity
Substrate-based a-amylase inhibition assay was
performed using CNPG3 as substrate[23|Different
concentrations of 20uL plant sample were first mixed
with 80uL of the enzyme (1.5U/mL) and incubated
for 15 minutes at 37°C. After that, 100uL of CNPG3
(0.5mM) was added and incubated for 15 minutes
at 37°C. Lastly, the absorbance was taken at 405nm
in a microplate spectrophotometer. The inhibition
percentage was calculated using the following
formula.

Acontrol -

% inhibition = ( Y

Asample) % 100

contrnl

Where A istheabsorbance of the control (DMSO),
and A

»ic 18 the absorbance of the sample.

Results

Total Phenolic and Flavonoid Content

The total phenolic and flavonoid content was
expressed as mg GAE/g and mg QE/g, respectively.
A calibration curve of gallic acid and quercetin was
used to estimate TPC and TFC, respectively. The
TPC and TFC of Sc-A were found to be 130.07+5.74
mg GAE/g and 20.58+3.82 mg QE/g, respectively.

https://www.nepjol.info/index.php/JINCS



Journal of Nepal Chemical Society, June/July 2022, Vol. 43, No. 1

Similarly, the TPC and TFC of Sc-B were 68.344+2.57
mg GAE/g and 24.5+6.5 mg QE/g, respectively.
The total phenolic and total flavonoid content of
Sw-D were found to be 85.26+3.16 mg GAE/g and
21.57+1.26 mg QE/g. The total phenolic content on
all three extracts was higher than the corresponding
flavonoid content.

Antioxidant Activity

DPPH free radical scavenging assay was performed
to determine the antioxidant activity. Both Sc-A
and Sc-B were found to significantly inhibit the
DPPH free radical with 1C, value 24.56+3.3pg/mL
and 28.90+5.22pug/mL, respectively. Comparatively
the other species, Sw-D fraction has IC, ) =53.79 +
2.50pg/mL. Among all three extract Sc-A possess
stronger antioxidant potential. The antioxidant potent
of standard quercetin was IC, = 1.17 + 0.35ug/mL.

In vitro a-glucosidase and a-amylase inhibition
activities

For the in vitro o-glucosidase and a-amylase
inhibition activity, samples were first screened at
the concentration of 500pg/mL. Samples inhibiting
>50% were further diluted to calculate the IC,  value.
The IC,, was calculated using GraphPad Prism 8
software. The Sc-A showed significant inhibition
against both digestive enzymes; a-glucosidase and
a-amylase, with an IC,| = 39.92 + 2.52ug/mL and
224.3+1.87pg/mL, Sc-B
disclosed significant inhibition against a-glucosidase
with IC, =20.97 + 2.37ug/mL; however, it showed
<50% inhibition against the a-amylase. Other
species Sw-D significantly inhibits o-amylase
IC,, 2.116+0.058ug/mL than a-glucosidase< 50%
IC, jagainst

respectively. Likewise,

comparatively. Standard Acarbose’s
a-glucosidase and a-amylase were found to be5.66
+ 0.8pg/mL and 6.18+0.97ug/mL, respectively. This
proves the stronger inhibition capacity of Sw-D than
standard acarbose used. The IC,  of a-glucosidase
and a-amylase inhibition activity of Sc-A, Sc-B, and
Sw-D compared to the standard acarbose is presented
in table 1.

Table 1: IC  values of antioxidant, a-glucosidase and
a-amylase inhibition activities of plant’s extract and
fraction

https://www.nepjol.info/index.php/JINCS
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Plant sample Antioxidant(ng/ o-Glucosidase o-Amylase
and standards mL) (ug/mL) (ng/mL)
Sc-A 24.56+3.3 39.9242.52 224.3+1.87
Sc-B 28.90+£5.22  20.97+£2.37 NC
Sw-D 53.79£2.50 NC 2.116+0.058
Quercetin 1.17+0.35 - -
Acarbose - 5.66+0.8 6.18+0.97

Values are expressed as average=xstandard deviation of three
independent assays. NC-not calculated

Discussions

In vitro potency of plant’s extract and fractions
provides a platform for further research in the
molecular label. effect
phytochemicals such as alkaloids, tannins, phenols,
saponins, terpenoids, flavonoids, steroids, and sterols
contribute to the plant’s medicinal properties[24].
Due to the adverse effect of synthetic drugs the
efficacy of plant-based food profiles with potent
inhibitors is in demand. Major hydrolyzing enzymes

Synergetic of active

of carbohydrate metabolism are the a-glucosidase
and a-amylase. Inhibiting these enzymes may result
in controlling blood sugar[25]. This research reveals
the unique in vitro antidiabetic potency of Sc-A and
Sc-B as these both inhibited the digestive enzymes,
o-glucosidase, and a-amylase. The methanolic stem
extract of the plant Sarcococca coriacea inhibited
a-glucosidase substantially more than its leaf extract
whereas stem extract of the same at the concentration
of 500pg/mL could not inhibit the a-amylase enzyme.
Leaf extract Sc-A was found to inhibit the a-amylase
comparatively. Interestingly another species Sw-D was
found to be one of the potent inhibitors of a-amylase
that could not inhibit the a-glucosidase enzyme at the
concentration of 500pg/mL. Sc-A possesses higher
phenolic and stronger antioxidant potential. Enzyme
inhibition activity of both methanolic extract of Sc-
A, Sc-B and Sc-D accredit to the synergetic effect of
phytoconstituent present in it.

Conclusions

Sc-A and Sc-B both inhibited digestive enzymes,
a-glucosidase, Sw-D
inhibited oa-amylase stronger than the standard

and o-amylase. strongly

reflecting remarkable anti-diabetic potential. All
three extracts possess good to moderate antioxidant
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properties. Our findings infer a strong biochemical
rationale for further in vivo studies and as a dietary
supplement of this plant-based product in type
IT diabetes management. Further researches are
necessary on particular inhibiting compounds and
biological pathways involved.
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