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CHAPTER I INTRODUCTION

Chemical molecules generated by plants, animals, or microorganisms are known as
natural products. Cosmetics, drugs, dyes, nutritional supplements, and foodstuffs
made from natural sources that are minimally processed or do not include artificial
chemicals are example of natural goods in commercial usage. Natural products are
organic molecules obtained and isolated from natural sources and created by the
metabolic pathways or primary or secondary metabolism in organic chemistry. Within
the discipline of medicinal chemistry, the term is usually narrowed to secondary
metabolites, which are tiny molecules (mol wt. <2000 amu) that are not required for

the organism’s existence [1].

Organic substances important for growth, development, reproduction, and survival,
including as nucleic acids, amino acids, proteins, carbohydrates, and different energy
components involved in all living organisms’ fundamental metabolic pathways, are
known as primary metabolites. Secondary metabolites, unlike primary metabolites, are
found exclusively in certain organisms and are expressions of species identity. Organic
substances that are not required for metabolism are known as secondary metabolites.
Secondary metabolites rather play a role in circumstantial adjustment or as a feasible
defensive technique for the organism’s self-protection [2]. Ecological pressures such
as food and space contests, as well as predator and surface fouling, have resulted in

the creation of secondary metabolites with a variety of biological functions. Several



secondary metabolites are poisonous to predators, stimulating allure to the identical
or the different species, or colorant to entice or to threaten distinct species. Most
natural compounds, by definition, have pharmacological or biological activity that can

aid the treatment of disorders [3].

Rice (Oryza sativa L.) is the world's second biggest cereal grain, behind wheat. According
to the United States Department of Agriculture, the world rice production in 2016/2017
was roughly 741.3 million metric tons. The majority of rice produced is grown in Asian
countries. Thailand produces 30 million metric tons of paddy or 19.8 million tons of
milled rice, which is split between local and export use. Because Thai people love

white rice, the rice grain is milled or polished to eliminate the bran and germ. [4].

Rice bran is a byproduct of the rice milling process that accounts for 8-11% of the total
weight of raw rice. Rice bran is a desirable byproduct of the rice processing industry
because it contains oil, protein, dietary fiber, and important compounds such as
vitamins, phytosterols, and Y-Oryzanol. One option to utilize rice bran is to extract oil
for human use. Solvent extraction is a method for extracting rice bran oil. After
extraction, the solvent is removed to yield crude rice bran oil, which is then refined.

[5].

Y-Oryzanol is a combination of ferulic acid esters of triterpene alcohols (phytosterols)

such as cycloartenyl ferulate, 24-methylenecycloartanyl ferulate, and campesteryl

ferulate [6]. Y-Oryzanol is an antioxidant that has been linked to reduced plasma
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cholesterol, lower serum cholesterol, and decreased platelet aggregation. However, it
has been demonstrated that greater amounts of Y-Oryzanol of 200-2,000 mg offer the
necessary health advantages. Several studies over the last few decades have
demonstrated the favorable physiological and biological benefits of Y-Oryzanol
consumption [7]. Due to the presence of the phenol moiety in its composition, the
majority of biological research concerns the antioxidant activity of this Y-oryzanol. In
this respect, Y-Oryzanol has been thoroughly explored for its antioxidant due to the
presence of the ferulic/caffeic acid component, which allows electron donation and

kills the activity of free radicals [8].

Although many researches on phytochemicals, pharmacological tests and isolation
work on rice bran oil have been published, there were only few reports from the crude
rice bran acid fraction. Therefore, this thesis focused on seeking ACE2 Inhibitor
candidates from crude rice bran acid fraction. According to the main objective of this
research, the bioactive compound from crude rice bran oil were isolated by column
chromatography techniques and screened for the active compound for ACE2 SARS-

CoV-2.
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CHAPTER Il LITERATURE REVIEW

2.1 Rice and Rice Grain Structure

Rice farming dates back over 7,000 years. Rice is farmed on enormous amounts of land
all over the world and is a primary dietary staple for more than half of the world's
population. Rice was the fourth largest cultivated crop produced globally in 2016-2017,
with an annual global production of around 740 million metric tons of paddy. The
Asian continent accounts for nearly 90% of rice production and is also the largest
consumer [9]. Figure 1 depicts the mature rice grain structure. The rice grain's main
components are the hull, pericarp, seed coat, nucellus, aleurone layer, endosperm,
and embryo. Rice is made up of 20% husk, 1-2% rice germ, 8-9% rice bran, and 70%
rice starchy endosperm. Rice caryopsis is composed of pericarp (1-2%), aleurone (4%),

seed coat and nucellus (4%), embryo (2%), and endosperm (89%) [10].

2.2 Chemical Characteristics

As demonstrated in Table 1, good eating quality is associated with high stickiness, sweet
flavor, gloss of cooked rice, and palatability. A tasting panel evaluates the eating quality
of a particular lot of rice objectively. Taste panel scores are then used to calibrate
"taste analyzers" that produce taste scores based on physicochemical parameters.
White rice's flavor is mostly determined by protein, amylose, and moisture. Brown rice

flavor ratings, on the other hand, are determined by protein, amylose, moisture, and
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fatty acid content. The majority of fatty acids are found in the bran layer, which is
removed during the milling process. Six sensory tests comprise a palpability evaluation
criterion used to further evaluate table rice. Appearance, Aroma, Taste, Stickiness,

Hardness, and Overall Evaluation are among them.

Component
Hull 20 %
Bran & Germ 10%
Starchy Endosperm 70%

Pericarp
Seed Cca;\\\~

Nucellus

Bran

Aleurone Layer

Endosperm

Embryo

Figure 1 Structure of the mature rice grain [10]
Table 1 Range of Chemical and Physical Characteristics of Long, Medium and Short

Gran Rice Types [11]

Characteristics Long Grain Medium Grain Short Grain
Amylose (%) 23-26 15-20 18-20
Alkali spreading value 3-5 6-7 6-7
Gelatinization temperature (°C) 71-74 65-68 65-67
Gelatinization class Intermediate Low Low
Water uptake (ml/100g) 121-136 300-340 310-360
Protein (%) 6-7.5 6-7 6-6.5

Parboiling stability, solid loss (%) 18-21 31-36 30-33
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2.3 Rice Bran

Rice bran is an important byproduct of the rice processing industry. Rice bran (8-9 wt.%
of the rice paddy) and rice germ (1-2%) are often removed during the milling process
to get white rice, and the discarded by-products are commonly referred to as rice bran.
Rice output now stands at 740 million tons. Rice milling removes rice hulls (164 million
tons) and rice bran (59.2 million tons) throughout the rice producing process. As a
result, the total amount of white rice produced is 411 million tons [12]. Rice bran is
high in fiber, natural oil, and minerals such as vitamin E and Y-Oryzanol [13]. Rice bran
is made up of fractions from the pericarp, aleurone, sub-aleurone layers, seed coat,
nucellus, germ, or embryo, and a little amount of endosperm [14]. The physical and
chemical properties of bran are affected by rice variety, grain treatment before to
milling, milling type, degree of milling, and the fractionation method used before
milling [15]. Rice bran is high in vitamin E, thiamin, niacin, aluminum, calcium, chlorine,
iron, magnesium, manganese, phosphorus, potassium, silicon, sodium, and zinc [16].
Rice bran's relevance as a processed product is mostly due to its lipid content. Rice

bran oil is gaining popularity due to its numerous health benefits [17].

2.4 Rice Bran Oil (RBO)

The oil produced from the hard outer brown coat of rice following chaff (rice husk) is

known as RBO. Solvent extraction and hydraulic pressing or expeller pressing are the
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two most prevalent processes for extracting oils from basic materials. Table 2 shows
the composition of crude rice bran oil (CRBO), whereas Table 3 specifies significant rice
bran oil features. Rice bran oil contains unsaturated fatty acids oleic acid (38.4%),
linoleic acid (34.4%), and linolenic acid (2.2%), as well as palmitic (21.5%) and stearic
acid (2.9%) [18]. 90% of the total fatty acids in rice bran oil are made up of three
primary fatty acids: palmitic, oleic, and linoleic. Rice bran is high in linoleic acid, which

is vital for human health [19].

Table 2 Composition of Crude Rice Bran Oil

Composition of CRBO
Saponifiable Lipid 96%
Triacylglycerol 81-84%
Diacylglycerol 2-3%
Monoacylglycerol 1-2%
Free fatty acid 2-6%
Wax 3-4%
Glycolipids 0.8%
Phospholipids 1-2%
Unsaponifiable 4%
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Table 3 Fatty acid composition for rice bran oil (% of total lipid)

Fatty acid Rice Bran (%)
Palmitic acid (C 16:0) 21.5
Stearic acid (C 18:0) 2.9

Oleic acid (C 18:1) 38.4
Linoleic acid (C 18:2) 34.4
Linoleic acid (C 18:3) 2.2

2.5 Extraction of Rice Bran Qil

Rice bran oil is distinct among edible oils in that it has a high concentration of
economically and nutritionally essential phytochemicals such as oryzanol, lecithin,
tocopherols, and tocotrienols [20]. The extraction process begins with the processing
of raw materials. Prior to extraction, rice bran is screened and then heated by steam
at temperatures more than 100 °C to inhibit lipase hydrolysis. RBO is extracted from
bran using a solvent (hexane) and a pressing method (screw press or hydraulic press).
Rice bran oil must be refined once it has been extracted. This is due to the existence
of extremely high levels of by-products such as gums, waxes, and free fatty acids in
crude RBO. Crude RBO ranges in color from dark greenish brown to pale yellow,

depending on the quality of the bran, extraction process, and bran composition.
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2.6 Refining

There are two ways for refining rice bran oil: chemical and physical refining. The
chemical refining process often includes processes such as degumming, neutralization,
bleaching, and deodorization, whereas the physical refining process includes
procedures identical to the chemical refining process except for the removal of free
fatty acid. In chemical refining, free fatty acid is removed using alkali treatment
(neutralization), but in physical refining, it is removed via steam distillation, similar to

deodorization [21].

2.6.1 Chemical Refining

Degumming: This procedure is intended to remove phospholipids (gums) in crude oil,
including hydratable and nonhydratable gums. Hydratable gums can be removed from
oil by adding water or acid. This is known as water degumming or acid Degumming.

Deacidification or Neutralization: In this method, sodium hydroxide is used to remove
free fatty acids and other impurities such as phosphatides, proteinaceous, and
mucilaginous compounds. A slight excess of sodium hydroxide was combined with the
heated oil at a temperature of 60-80 °C and the aqueous phase was allowed to settle.
Soapstock is the aqueous phase that is separated from the neutral oil by washing with
hot water, followed by settling or centrifugation. Despite the fact that the primary goal
of the deacidification stage is to remove free fatty acid, the procedure also reduces

phospholipid and coloring matter concentration [22].
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Winterization or Dewaxing: This procedure is intended to remove waxes with high
melting points from rice bran oil. Winterization is a procedure that uses temperature
to manage crystallization and removes the wax from the oil by filtration to minimize
clouding of the liquid fraction under colder temperature settings. The oil is heated to
roughly 90 °C in a typical technique to eliminate any remaining nuclei. The oil is then
cooled while stirring to roughly 20 °C and allowed to develop for at least 4 hours.

Filtration in plate and frame filters to separates wax.

Bleaching: Bleaching of rice bran oil is more challenging than other vegetable oils
because of the high chlorophyll and red pigment content, as well as the oxidized
products of tocopherols and metallic salts of fatty acids. Bleaching rice bran oil is often
done after the deacidification stage, utilizing adsorbents known as bleaching earths
(Fuller's earth, acid activated monmorillonite clays, or activated carbon) to absorb
coloring components. Gums, soaps, and certain oxidation products are adsorbed with

the pigments during bleaching [23].

Deodorization: This step's goal is to eliminate volatile chemicals, primarily aldehydes
and ketones. These chemicals have low detection thresholds by taste or smell.
Deodorization is mainly a steam distillation process that takes place at temperatures
ranging from 200 to 220 °C and pressures ranging from 6 to 10 mmHg. Unfortunately,
this process also removed some of the natural oils' protectants, such as tocopherols

and sterols. As a result, the addition of citric acid is frequently applied to chelate
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residues of pro-oxidant metals, so lowering their activity that imparts to the oils, even

at lower tocopherol level, thereby boosting oil stability [24].

2.6.2 Physical Refining

Except for the elimination of free fatty acids, the physical refining process is similar to
that of chemical refining. Free fatty acid is removed by alkali treatment in chemical
refining, while it is removed by steam distillation in physical refining, which is analogous
to deodorization. The elimination of low volatility fatty acids (depending on length) in
physical refining necessitates greater temperatures than those necessary for
deodorization alone. A maximum temperature of 240-250 °C is enough to decrease
free fatty acid concentration to 0.05-0.1 percent. Phosphatides must be eliminated to
a level below 5 ppm (FAO) as tiny levels of phosphatides and iron are the most likely
cause of heat darkening during distillation [25]. This level is easily attained during the
deacidification process in chemical refining. However, in physical refining, a particular
degumming procedure is required to obtain the above-mentioned phosphorus level.
Prebleaching is required in addition to degumming to remove colored bodies and
virtually all trace metals. When processing high free fatty acid products such as rice
bran oil, the economics of deacidification by physical refining vs chemical refining often
favor physical refining [26]. Furthermore, as compared to chemical refining, refined rice

bran oil derived by physical refining can maintain the majority of the important

component Y-oryzanol. [27].
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2.7 Y-Oryzanol

Y-Oryzanol is a naturally occurring component in rice bran oil which consists of a
mixture of ferulic acid esters of sterols and triterpene alcohols.

2.7.1 Structures of Y-Oryzanol

Y-Oryzanol was first recovered from rice bran oil by [28]. It was assumed to be a single
compound at the time. Subsequent research reveals that Y-Oryzanol is not a single
chemical, but rather a group of ferulic acid esters known as Y-Oryzanol. Y-Oryzanol
has been the most thoroughly studied. Y-Oryzanol is a compound composed of two
molecules [29]. The largest part is triterpene alcohols or plant sterols, and the other
part is ferulic acid [30]. Among them, cycloartenol, [-sitosterol, 24-
methylenecycloartenol, and campesterol are the most abundant. Figure 2 depicts the

trans-ferulate molecular structures of these four phytosterols.

Molecular structure
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Figure 2 Chemical structure of the four main components of gamma-oryzanol [31]
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2.7.2 Phytochemical Constituent of Y-Oryzanol
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2.7.3 Properties of Y-Oryzanol

Y-Oryzanol (C4oHsgQO4) is an odorless white or slightly yellow crystalline powder that is
stable at room temperature [33]. It has a melting point of 137.5-139.5 °C with
absorption peaks in heptane at 231, 290, and 315 nm [18]. Although Y-oryzanol is
insoluble in water, all its components include hydroxyl groups in the ferulate part,
giving rise to a rather high polarity. As a result, it may be soluble in polar solvents like
isopropanol and ethyl acetate, as well as nonpolar solvents like n-heptane and hexane

[34].

2.7.4 Physiological and Biological Properties

Several studies over the last few decades have demonstrated the favorable
physiological and biological benefits of Y-Oryzanol consumption. Because of the
presence of the phenol moiety in its composition, the majority of biological research
concerns the antioxidant activity of this Y-Oryzanol. Reactive oxygen species (ROS) are
free radicals that, when overproduced in the body, can induce oxidative stress by
oxidizing biological macromolecules such as proteins, nucleic acids, and cell
membranes. Many chronic illnesses and cell aging are caused by oxidative damage. As
a result, research into novel antioxidants has grown significantly in recent decades.
[35]. In this respect, Y-Oryzanol has been thoroughly explored for its antioxidant
qualities due to the presence of the ferulic/caffeic acid component, which facilitates

electron donation and kills the action of free radicals [36].
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Kim's research, for example, demonstrates that Y-Oryzanol inhibits pyrogallol
autoxidation and is more efficient against hydroperoxide generation than well-known
synthetic antioxidants (BHA, BHT, and TBHQ) [37]. Xu and Godber, on the other hand,
were more interested in the antioxidant characteristics of the three primary Y-Oryzanol
compounds (cycloartenyl ferulate, 24-methylenecycloartanyl, and campesteryl
ferulate) using a linoleic acid-based per-oxidation model. Their findings suggested that
these components can greatly minimize hydroperoxide formation [38]. The antioxidant
properties of -oryzanol against cholesterol oxidation have also been studied [39].
Cholesterol oxidation products (COPs) produce a number of harmful atherogenic,
mutagenic, and carcinogenic chemicals [40], which induce cell membrane damage and
are linked to a variety of respiratory and cardiovascular disorders [41, 42]. It has been
demonstrated that Y-Oryzanol may significantly inhibit COP formation, with a stronger
impact than vitamin E [43]. It is worth noting that a strong link has been shown between
oxidative stress and a variety of disorders, including cancer, diabetes, atherosclerosis,
chronic inflammation, human immunodeficiency virus (HIV) infection, ischemia
reperfusion damage, and sleep apnea [44]. Given this context, substantial research has
been directed toward investigating the therapeutic effects of Y-Oryzanol against a
variety of health issues and illnesses, employing a variety of models and tests.
2.7.4.1 Anti-ulcer effect
In Japan, the anti-ulcerogenic effects of Y-Oryzanol were intensively

studied using rat models in the 1970s and 1980s. Nonetheless, further research is
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required to determine its inhibitory impact and demonstrate its true therapeutic
usefulness [32, 45]
2.7.4.2 Anti-inflammatory effect

Many studies have recently examined the ability of Y-Oryzanol to cure
inflammation. In adjuvant-induced arthritis in rats, Y-Oryzanol (1-100 mg/kg) was
observed to decrease the rise in swelling of the hind paw in a dose-dependent way.
[46], as well as having a potent anti-inflasmmatory impact on sodium dextran sulfate-
induced colitis [47] and ethanol-induced liver damage in mice via suppression of NF-B

activity [48].

2.7.4.3 Anti-allergic effect

Oka and colleagues used the Bligh and Dyer technique to establish for the
first time a probable anti-allergenic effect of Y-Oryzanol using a fraction derived from
local Japanese rice. The scientists discovered a strong anti-allergic effect in rats using
the passive cutaneous anaphylaxis (PCA) response paradigm, which was determined
by inhibiting mast cell degranulation [49]. Furthermore, using the same methodology,
they investigated the effect of major fraction components such as cycloartenyl ferulate
(28.2%), 24-methylene cycloartanyl ferulate (22.4%), -Sitosteryl ferulate (12.3%), and
Cyclobranyl ferulate ( 10%), and similar inhibition of mast cell degranulation was
assisted with a higher potential for Cyclobranyl ferulate. Finally, they looked into the

likely mechanism of action, hypothesizing that Y-Oryzanol can trap immunoglobulin E



25

(Igk), blocking it from cross-linking to the high-affinity IgE receptor (FcRI), which is

implicated in allergic reactions.[50].

2.7.4.4 Anti-diabetic effect

Several studies have been carried out to investigate the possibility of Y-
Oryzanol as a diabetic treatment. Y-Oryzanol was found to have an antidiabetic impact
in many experiments, mostly on diabetic rats, enhancing insulin sensitivity and lowering
blood glucose levels [51-53].

2.7.4.5 Anti-cancer effect

Y-Oryzanol and its constituents have been studied for anticancer potential.
Yasukawa et al. discovered that the four principal components of Y-oryzanol
(cycloartenyl ferulate, 24-methylene cycloartanyl ferulate, campesteryl ferulate, and
Sitosteryl ferulate) had an inhibitory impact on tumor promotion in two-staged
carcinogenesis in mouse skin [54]. Furthermore, Kim's latest research shows that Y-
Oryzanol dramatically decreased tumor mass in mice injected with CT-26 colon cancer.
Oral administration of 1% Y-oryzanol reduced tumor development by 449% in a dose-
dependent manner without altering the weight of other organs [55]. Furthermore,
utilizing F344 rat and B6C3F1 mouse lung carcinogenesis models, various research have
been conducted to investigate the safety of Y-oryzanol's carcinogenic qualities. [56,
57].Y-Oryzanol did have a tumor progression impact, although it was modest and only

happened at large dosages [58, 59].
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2.7.4.6 Anti-hyperlipidemic effect

Y-Oryzanol compounds have a structural similarity to cholesterol,
another interesting study field is their capacity to reduce cholesterol levels. The first
scientific investigation on this issue was conducted in people in 1970. Suzuki and
Oshima in particular [60]. Within 7 days, total cholesterol (TC) was shown to be lower
in the plasma of 50 healthy young women who consumed 60 ¢ of a mixture of 70%
RBO and 30% safflower oil [61]. Y-Oryzanol was studied in particular, and it was
discovered that after four to eight treatments of 300 mg of this component per day in
hyperlipoproteinemic subjects, there was a decrease in total cholesterol (TC), low
density lipoprotein cholesterol (LDL-C), and triglyceride (TG) plasma levels, as well as
an increase in high density lipoprotein cholesterol (HDL-C) concentration, with no side
effects. Since then, similar findings in people have been published [62-64], rats, [65],
rabbits, [66], and hamsters [67, 68]. This information is well reviewed by Cicero and
Gaddi,151 with particular attention to the treatment of hyperlipoproteinemia’s, indicat-
ing that Y-oryzanol could be utilized as a therapeutic agent for hyperlipidemia and
atherosclerosis [32, 69]

2.7.4.7 Effect on Menopause

Two studies in Japan looked at the influence of Y-oryzanol on
menopausal symptoms. In the first study, conducted in the 1960s, 100 mg of Y-
oryzanol was given three times a day for 38 days to 13 women who had undergone

hysterectomy ("surgical menopause"). According to the data, 67% of the women
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reported a substantial decrease in menopausal symptoms including hot flushes. [70].
In another study conducted in 1982, 40 women with climacteric disorders were given
300 mg of Y-oryzanol daily for 4-8 weeks. A general improvement in the decrease of
menopausal problems was reported in 90% of the patients. [71] Since then,
investigations on the effect of Y-oryzanol on menopausal problems have been

undertaken in comparison to other methods such as acupuncture. [72-74]

2.8 Computer Aided Drug Design

Drug design is both science and art, driven by the researcher's ingenuity and intuition.
Its goal is to produce concepts or theoretical models based on experimental data that
will drive research toward the identification of bioactive compounds with desired
features. Nowadays, the computational chemistry, molecular docking, and
cheminformatics methods give a variety of computational tools to aid in drug

discovery. [75].

The major difficulty of computer-aided drug design is to use these tools properly to
produce a usable result that corresponds to current demands in a fair amount of time.
Because structural information on the targets or related proteins was available,
structure-based computer-aided drug creation was mostly used in this study. The key
computational approaches used to achieve the specified aims were molecular docking,

binding free energy calculations, and virtual screening. These strategies are further
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explained in depth. The visualization of molecular structures is a crucial aspect of

computer-aided drug design.

2.8.1 Molecular Docking

Molecular docking is one of the most frequently used methods in structure-based drug
design, due to its ability to predict the binding conformation of the small molecule
ligands to the appropriate target binding site. Discovery and development of a new
drug is generally known as a very complex process which takes a lot of time and
resources. So computer aided drug design is used very widely to increase the efficiency
of the discovery and development courses [76]. Molecular docking studies were
performed using the default protocol in Autodock Vina in PyRx Software, The Scripps
research institute, USA. The active site of the enzyme was set into a grid box. The
protein ligand interactions were further analyzing using the Discovery Studio Visualizer

(BIOVIA, San Diego, CA, USA)

2.9 Angiotensin Converting Enzyme (ACE2)

2.9.1 Discovery of ACE2
Following Tigerstedt and Bergman's key discovery of renin in 1898, the RAS
has evolved into a complex network of enzymes, peptides, and receptors in Figure 3
[77, 78]. While many metallopeptidases cluster in tiny inter-related gene groups (for
example, the neprilysin [NEP] family), around the turn of the century, no human

homolog of the vasoactive zinc-peptidase ACE (angiotensin converting enzyme) had
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been found. Almost simultaneously in 2000, two distinct methodologies looking for
such ACE homologs discovered the presence of an ACE gene close cousin known as
ACEH2 or ACE2 [79]. ACEH was cloned from a human cancer cDNA pool, whereas ACE2
was cloned from a human HF ventricular cDNA library, highlighting ACE2's possible
relevance in cardiovascular diseases. The ACE2 gene was first shown to be expressed
in the heart, kidney, and testis, but recent investigations have revealed a considerably
broader distribution, including the upper airways, lungs, gut, and liver (Figure 4A. A
comparison of the sequences of ACE and ACE2 indicated that ACE2, like ACE, was an
integrated transmembrane protein (and ectoenzyme) with a transmembrane anchor
near the C-terminus (type | membrane protein). The ACE and ACE2 genes have a strong
evolutionary connection, and it was assumed that the two proteins would have

comparable substrate specificities and participation in the RAS.

(80, 81].
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2.9.2 The ACE2 Gene and Basic Biochemistry

Unlike the ACE gene, which is found on human chromosome 17, the
40kb ACE2 gene is found on chromosomal Xp22 and has 18 exons, the majority of
which are similar to the ACE gene's exons. Unlike somatic ACE, which has two active
sites, ACE2 only has one catalytic domain. Both ACE and ACE2 are zinc
metallopeptidases, but their substrate specificities differ, establishing their different
and opposing functions in the RAS. Whereas ACE (a peptidyl dipeptidase) cleaves C-
terminal dipeptide residues from susceptible substrates, ACE2 is a simple
carboxypeptidase capable of hydrolyzing Ang | to create Ang 1-9 and Ang Il to form
Ang 1-7 (FigURE 4B). ACE2 does not cleave bradykinin, further separating it from ACE,
and it is likewise resistant to standard ACE inhibitors [77, 81]. The C-terminal domain

of ACE2, which bears no resemblance to ACE, is a homolog of collectrin, a renal protein



31

that controls the trafficking of amino acid transporters to the cell surface, endowing
ACE2 with a variety of different physiolosgical roles. The variety of physiological roles
that ACE2 performs has allowed it to be hijacked as a receptor by SARS-CoV-2,
culminating in the COVID-19 pandemic [82, 83]. Structures of the SARS-CoV and, more
recently, the SARS-CoV-2 in combination with ACE2 have been identified by structural
analyses (Figure 2.4B). The primary spike glycoprotein (S1) of SARS-CoV-2 interacts to
the N-terminal region of ACE2. The cumulative knowledge of ACE2 biology and
physiology over the last 20 years since its discovery should give a significant stimulant
to understanding some of the essential processes in SARS-CoV-2 infection and eventual

prevention [84, 85].

2.9.3 Role of ACE2 in Covid-19

On March 11, 2020, the World Health Organization proclaimed the SARS-
CoV-2 epidemic a worldwide pandemic, citing community-scale transmissions on every
continent except Antarctica. Since then, the outbreak has grown to well over a million
cases and killed over 60 000 people globally by the beginning of April 2020. Prior to
the emergence of SARS-CoV in 2002, coronaviruses were thought to be insignificant
pathogens that circulated in nature among various host and intermediate species and
occasionally infected humans, causing only mild upper respiratory tract infections and
common cold symptoms [86-88]. As a result, in order to better comprehend the
severity of SARS-CoV-2's global health implications and enhance therapy for infected

patients, we must recognize the involvement of ACE2 in SARS-CoV-2 pathogenesis. In
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addition to respiratory involvement, SARS-CoV-2 infections cause multiorgan
dysfunction. [89-91]. While respiratory symptoms are predominant, acute cardiac and
kidney injuries, arrhythmias, gut, and liver function abnormalities have all been
documented in infected patients, suggesting myocardial, renal, enteric, and hepatic
damage in COVID-19. Similarly, SARS-CoV also resulted in systemic manifestations with

damage to the heart, gastrointestinal, liver, kidney, and other tissues [92, 93].
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2.9.4 Physiological Role of ACE2
The discovery of ACE2 led in a paradigm shift in all areas of the RAS. ACE2 is a mono-
carboxypeptidase that converts Ang | to a nonapeptide (Ang 1-9), and Ang Il to a
heptapeptide (Ang 1-7). This unique enzymatic route for Ang | and Ang Il degradation
inhibits RAS activation and miticates the detrimental effects mediated by Ang Il and
AT1R.1 This is especially important in pathological circumstances where the RAS is
overstimulated. Ang 1-7 is a physiolosically active peptide with actions that are
diametrically opposed to those of Ang Il [94-96]. Furthermore, ACE2 can inhibit ACE-

independent Ang Il production, such as from mast cell chymase [97, 98].
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2.9.5 Targeting ACE2 for Therapeutics

The genesis and progression of CVD is driven by pathological neurohormonal activation
of the RAS. Current pharmacotherapies try to suppress RAS at many levels using
different mechanisms of action. Although ACE2 is not a direct biological target of these
medicines, the RAS's complicated nature affects Ace2 gene transcription, translation,
and, eventually, catalytic activity. Blocking the ACE/Ang II/AT1R axis by reducing Ang ||
production and activities enhances the effects of ACE2 as an endogenous RAS counter-
regulator. The ARBS significantly enhanced Ace2 mRNA expression, protein levels, and
catalytic activities in the heart, kidneys, and thoracic aorta, however the translation to
protein levels and activity for ACE inhibitors varies between experimental models and
tissues [99-103]. The combination of lisinopril and losartan therapy in normotensive
Lewis rats reversed the individual increase in Ace2 mRNA levels but preserved the
losartan-induced increase in ACE2 activity in the heart. Furthermore, lisinopril
enhanced Ace2 mRNA in normotensive Lewis rats without changing ACE2 activity in the
heart, whereas the converse was found in the kidneys [101]. These findings might be
related to tissue-specific control of ACE2, since greater ACE2 protein levels were
observed in the heart, while ACE2 activity was higher in the kidneys of Sprague-Dawley
rats, adding to the intricacy of the tissue RAS [104]. Dual RAS inhibition with perindopril
and losartan corrected disease-mediated reductions in kidney ACE2 mRNA expression
and protein levels in type 1 diabetic Akita angiotensinogen-transgenic mice [105] These

findings imply that Ang Il buildup in diseased situations contributes to the modulatory
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effects of RAS inhibition on ACE2. Ang Il can influence ACE2 expression via the ATIR.

High levels of ACE2 mRNA and protein expression are seen in healthy hearts and

kidneys, while ACE1 expression is low [106]. RAS activity in CVD promotes Ang Il AT1R

stimulation, increasing ERK1/2 and p38 MAPK signaling pathways to downregulate ACE2

while upregulating ACE expression. Activation of the p38 MAPK increases ADAM17

activity by posttranslational phosphorylation of the cytoplasmic domain, which leads

in shedding of surface ACE2 in a positive feedback loop, which might explain the

reported effects of ARBs on boosting ACE2 protein levels and activity [107, 108].

Table 4 Pharmacological regulation of the RAS and their effects on RAS components,

ACE2 gene expression, protein levels, and cellular activity [109].

ACE inhibitors
Lisinopril Lewis rats Heart Decrease in plasma Ang I, increase in
plasma Ang 1-7 and ACE2 mRNA, butnot
cardiac ACE2 activity179
Enalapril | Coronary artery Heart Increased plasma and cardiac ACE2 activity,
ligation in and cardiac Ace2 mRNA levels 8wk post-
Sprague surgery183
Dawley rats
Lisinopril | Transgenic Ren2 | Heart/ Decrease in plasma Ang Il, increase in plasma
rats Kidney Ang 1—7, cardiac and renal ACE2
MRNA and activity182
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Lisinopril Lewis rats Kidney | No change in kidney ACE2 mRNA but increased
ACE2 activity180
Angiotensin receptor blockers
Losarta Coronary artery Heart Increase in plasma Ang Il, Ang 1-7 and ACE2
n/ ligationin Lewis MRNA 28 days post surgeryl/8
Olmesa rats
rtan
Losartan Lewis rats Heart Increase in plasma Ang Il, Ang 1-7 levels, ACE2
mMRNA and cardiac ACE2 activityl79
Irbesartan | C57BL/6 mice Heart Increase in cardiac ACE2 mRNA, Irbesartan
prevented Ang ll-induced decreasein ACE2
protein levels’’
Losartan | Transgenic Ren2 | Heart/ | Increase in plasma Ang I, Ang 1—7, cardiac and
rats Kidney renal ACE2 mRNA and activity182
Telmisartan | C57BLKS/J mice | Kidney | Following 2 wk administration, increased ACE2
protein levels, and ACE2 mRNAexpression184
Irbesartan | C57BL/6 mice Aorta Treatment with irbesartan significantly
augmented ACE2 protein levels and ACE2
MRNA expression185
Olmesartan | Spontaneousl Aorta Increased plasma Ang Il and Ang 1-7 levels,

y hypertensive

rats

ACE2 mRNA expression and ACEZ protein

levels181

Mineralocorticoid receptor blockers

Spironolacto

ne

Patients with heart

failure

Monocyt
e_
derived

macrop

Increase in ACE2 activity and ACE2 mRNA

expression 1-month post-therapy 188
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hage
Eplerenone Balb/C mice Heart/ Increase in cardiac ACE2 activity and ACE2
Kidney | mRNA expression but nonsignificantincrease in
the kidneys188
Eplerenone Wistar rats Heart Prevented aldosterone induced reduction in
cardiac Ace2 mRNA expression189
Eplerenone |Dahl salt-sensitivel  Heart No effect on cardiac ACE2 mRNA expression

hypertensive rats

and protein levels observed in DSrats190
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CHAPTER Il EXPERIMENTAL

3.1 In silico Approach (ACE2 Inhibition Assay)

3.1.1 Ligand Preparation

In silico approaches aims to investicate the binding affinity of the bioactive
phytochemicals from the Y-Oryzanol to the ACE2 enzyme. The 2D structure of the
nineteen bioactive phytochemicals were downloaded from PubChem website

(https://pubchem.ncbi.nlm.nih.gov/) in SDF file and by using Open babel software to

convert all the ligands into PDB format. The structures were optimized by semi-
empirical AM1 method using the PyRx software and then converted files for all

compounds to PDBQT format for docking investigations.

3.1.2 Protein Preparation
The crystal structures of the target proteins were downloaded from the PDB
(www.pdb.org). The protein structures were refined by deleting the existing ligand using
Autodock software and were used to prepare the PDBQT file by adding polar hydrogens
and partial charges to the protein molecule. PDB codes 1R42 were used for the crystal

structures of ACE2.

3.1.3 Drug-Likeness Prediction
The structures of bioactive phytochemicals in the rice bran acid fraction (RBAF) were
obtained  from PubChem database as SMILE  files. SwissADME

(http://www.swissadme.ch/) was used to evaluate drug-likeness according to the
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Lipinski’s rule of five to predict their pharmacokinetic distinctive features such as the

Absorption, Distribution, Metabolism, and Excretion (ADME).

3.2 Rice Bran Acid Fraction

Rice bran acid fraction (RBAF) was obtained from the Thai Edible Oil Co. Ltd.,

Samutprakarn, Thailand.

3.3 General Experimental Procedures

3.3.1 Thin-Layer Chromatography (TLC)
TLC analysis using Silicycle’s aluminium sheet (Merck) coated with 0.2 mm silica gel 60
F254, 20 x 20 cm was used to monitor the separation processes. The TLC reverse
phase analysis was performed on Merck’s aluminium sheets coated with silica gel 60
RP-18 F254s. TLC was visualized under UV light at wavelengths of 254 and 365 nm and
by staining with p-anisaldehyde and ferric chloride in methanol (1% ferric chloride in

50% methanol).

3.3.2 Column Chromatography
Column chromatography (CC) was performed using Silica gel 60H (Merck code No. 7734
and No. 9385) as packing materials. Reverse-phase C18 (RP-18) 17 chromatography was

performed using Silica gel C-18 (Wako code No. 237-01555) as packing materials.
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3.3.3 Nuclear Magnetic Resonance Spectroscopy (NMR)
The NMR spectra were recorded on a JEOL (500 MHz for *H NMR, and **C NMR) using
tetramethylsilane (TMS) as an internal standard. The chemical shifts (&) were reported
in parts per million (ppm) and the coupling constants (J) in Hertz (Hz). Mestrelab
Research — MestReNova NMR software version 14.1.1-24571 was used to analyze the
spectral data. Chloroform-d (CDCl;) were used in NMR experiments and chemical shifts

were referenced to the signals of the residual solvent for CDCl; at OH 7.26 ppm.

3.3.4 Microplate Spectrophotometer

UV data of chromogenic methods were obtained from Power Wave XS2 (Biotek
Instruments Inc, USA) microplate reader.

3.4 Chemicals

All commercial-grade solvents used in the present study, such as methanol (MeOH),
ethyl acetate (EtOAc), and n-hexane, were distilled prior to use. The reagent grade (AR)
and HPLC grade solvents were purchased from Sigma-Aldrich, Burdick & Jackson, and
Merck® (Germany) used for thin layer chromatography, crystallization and HPLC

experiments.

3.5 In vitro ACE2 Inhibition assay

The catalytic activity of ACE2 was monitored using the substrate Mca-APK(Dnp), in
which Mca fluorescence is quenched by Dnp until cleavage at Pro-Lys separates

them. Fluorescence intensity was measured in black 96-well at 320 nm excitation
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and 405 nm emission, with shaking using a microplate reader (EnSight, PerkinElmer,

Inc, USA). The assay buffer used in the ACE2 activity assay had 0.05 M 2-morpholino

ethane-sulfonic acid (MES), 0.3 M NaCl, and 10 |,l|V| ZnCl,, pH 6.8. it was stored at

4 °C when not in use. The ACE2 enzyme, the Mca- APK(Dnp) substrate, and DX600

(sigma Aldrich, Supelco, Singapore) were diluted in the assay buffer. The Y-oryzanol

were first dissolved in 1.0% tween80 and a concentration of 2mg/ml as stock
solutions. For inhibition, assays consisted of 40 Ul of the enzyme solution (100
U/ml final concentration), 40 Ul of the Mca-APK(Dnp) substrate (4.5 UM final
concentration), and 20 M sample (50-0.01 lg/ml final concentration). Background
controls consisted of 20 ML of the sample, 40 Ul of the Mca-APK(Dnp) substrate,
and 40 ML assay buffer. Background substrate controls 40 M of assay buffer with
60 ML of the substrate. ACE2 activity consisted of 40 L of the enzyme solution, 40

ML of the Mca-APK(Dnp) substrate, 20 ML assay buffer. The mixture was incubated
at 37 °C for 16 min, and the fluorescence. Inhibitors were included in background
control samples. The inhibition (%) was calculated by comparing the fluorescence

with the maximum fluorescence as

9%ACE2 activity = [(A-B) / (C-D)] x 100

where A is the fluorescence in the presence of the inhibitor, B is the background

control (inhibitor and substrate) fluorescence, C is the ACE2 activity fluorescence
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(ACE2 + substrate), D is the background substrate control fluorescence (only

substrate) [110].

3.6 Isolation of Rice Bran Acid Fraction

The rice bran acid fraction (53 g) was chromatographed to CC over silica gel 60 with
gradient n-hexane, n-hexane: EtOAc ( 20:1, 15:1, 10:1, and 5:1) and EtOAc. The mobile
phase 15:1 n-hexane: EtOAc to give fractions 1-10 and mobile phase 10:1 n-hexane:
EtOAc to give fractions 1-16. The Y-oryzanol in fractions 7 to 8 from eluting with 15:1
n-hexane: EtOAc and fractions 11-13 and 14-16 eluting with 10:1 n-hexane: EtOAc was
monitored by TLC analysis and those fractions were combined. After evaporation of
the solvent, the residue was diluted in ethyl acetate and formed a solid and liquid
phase. The precipitated solids were filtered through filter paper and purity of Y-

oryzanol of the precipitation product was analyzed by TLC and 'H NMR of metabolites

1-3.
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CHAPTER IV RESULTS AND DISCUSSION
4.1 In silico Approach (ACE2 Inhibition Assay)

4.1.1 In Silico Study of Phytochemicals of Y-Oryzanol as ACE2 Inhibitors

The crystal structure of ACE2 (PDB ID: 1R42) native human angiotensin
converting enzyme-related carboxypeptidase was obtained from RCSB Protein Data
Bank. The protein was prepared for docking studies by removing water molecules and

the native ligand to provide stable conformation.

Figure 7 Structure of 1R42 protein

Chain Ais the proposed active site pocket, and the ligands docked make polar contact
with the amino acid residues. The calculated binding energy is presented in Table 1

below.
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Table 5 Calculated free binding energy (kcal/mol) of the phytochemicals (1-19) from
rice bran oil against ACE2 (PDB ID: 1R42)

Phytochemicals Binding energy Phytochemicals Binding energy
(kcalVmol) (kcalVmol)
A7—Stigmastenyt ferulate (1) -10.2 24-Methylenecycloartanyl 9.3

ferulate (11)

Cydoart—ZB—Z—ene—3B-25- -9.9 Cycloeucalenyl ferulate (12) -9.3

diol-3B-trans ferulate (2)

Cyclobranyl ferulate (3) -9.8 Campesteryl ferulate (13) -9.3
Cycloartenyl ferulate (4) -9.7 A'-Campestenyl ferulate (14) -9.0
Cycloartanyl ferulate (5) -9.5 Stigmasteryl ferulate (15) -9
Gramisteryl ferulate (6) -9.5 Cycloartenyl caffeate (16) -8.9
(24)—cycloart—25—ene—3B-24— 9.4 Sitostanyl ferulate (17) -8.8

diol-3B-trans ferulate (7)

Citrostadienyl ferulate (8) -9.4 Sitosteryl ferulate (18) -8.7
Campesteryl caffeate (9) 9.4 A'-Sitostenyl ferulate (19) -8.5
Campestanyl ferulate (10) -9.4

AWl 19 phytochemicals of Y-oryzanol exhibited a high binding score against ACE2

enzyme. For three major phytochemicals of Y-oryzanol, 24-methylenecycloartanyl

ferulate, campesteryl ferulate, and cycloartenyl ferulate showed -9.3, -9.3, and -9.7
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kcal/mol, respectively. The minor phytochemical of Y-oryzanol, A’-Stigmastenyl
ferulate (1), and cycloart—23—Z—ene—3B, 25—diol—3B—trans ferulate showed the highest
binding score with -10.2 and -9.9 kcal/mol, respectively but the LDs, value of both
compounds (Table 8) was 1000 mg/kg belonging to the toxicity class 4 level, which
was extremely hazardous and ingested. The 3D structures of the 19 compounds from

Y-oryzanol (1-19) in the active site of ACE2 (PDB ID: 1R42) were shown in Fig 8.

A7-Stigmastenyl ferulate 24-Methylenecycloartanyl ferulate

Figure 8 3D structure of 19 Y-Oryzanol bound into the active site of ACE2 (PDB ID:
1R42)
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Cycloart-23-Z-ene-3 B—25—diol—3 B—trans ferulate Cycloartanyl ferulate

Figure 8 (Continue)
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Cycloeucalenyl ferulate Gramisteryl ferulate

Figure 8 (Continue)
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Sitosteryl ferulate Sitostanyl ferulate

Stigmasteryl ferulate

Figure 8 3D representation of the phytochemicals from gamma-oryzanol in the

active site of ACE2 (PDB ID: 1R42)
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Figure 9 3D molecular amino acid interactions of the phytochemicals of gamma-

oryzanol in the binding site of ACE2 (PDB ID: 1R42)

(28)-cycloart-25-ene-3[3-24-diol-3B-trans ferulate A7-Sitostenyl ferulate

% Phe390
A1e393

A7-Stigmastenyl ferulate 24-Methylenecycloartanyl ferulate

- Phed0

Campestanyl ferulate Campesteryl caffeate

Figure 9 (Continue)
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Cycloart-23-Z-ene-3[3-25-diol-3B-trans ferulate Cycloartanyl ferulate

Cycloartenyl caffeate Cyclobranyl ferulate

Figure 9 (Continue)
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Sitosteryl ferulate Stigmasteryl ferulate

Cycloartenyl ferulate

Figure 9 (Continue)
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Table 6 List all the amino acids residue into 3 types of interaction (Conventional

hydrogen bond, pi-pi/pi-alkyl interaction, and van der waals force) with the active site

of ACE2 (PDB ID:1R42)

Compound Conventional Pi-Pi / Alkyl Van der Waals
Hydrogen Bond interaction
A"-Campestenyl ASN103 HIS401, ASP350,  ARG393, PHE390,
ferulate PHE40 TRP69, LEU391, PHE32, LEU100,

GLY104,  SER105, GLN102,
SER106, LYS74, SERT7, ALA99,
LEUT3, ASN394, TYR385,
ASP382, HIS378, ALA348

A'Sitostenyl ferulate  SER106, SER77

PHEA4O, LYS74,

ARG393, PHE390,  TRP69,

LEU74 LEU391, LEU100, ALA99,
GLN102,  ASN103,  THR7S,
ASN394,  ASP350, HIS401,

ASP382, HIS378, ALA348
A'-Stigmastenyl ASN103 ARG393, ASP350, SER44, LEU351,
ferulate PHE390, TRP349, ALA348, TRP69,
PHE4O GLN102,  GLY104,  SER105,
SER106, LYS74, SER77, LEUT73,

LEU100, LEU391

24- SER44 LEUT3, GLN102, LYS74, SER77, LEU100,

Methylenecycloartanyl

TRP39, PHE4O

ASN394, SER47, SER43, ASP350,

ferulate ASP382, TYR385, ARG393,
PHE390, LEU391, TRP69

Campestanyl ferulate ALA348 PHE390, ARG393, PHEA4O, THR347,

HIS401, GLU375, GLU402, TYR385,

HIS378, ASP350,  ASN394,  ASP382,

PRO346

LEUT3, TRP69, LEU391, LYS562
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Compound Conventional Pi-Pi / Alkyl Van der Waals
Hydrogen Bond interaction
Campesteryl caffeate ASP350, SER47 TRP349, ALA99, LEU100, SER77, ASN394,
PHEA4O, LEU351, ALA348, SER44, SER43
PHE390,
LEU391,
LEUT3
Campesteryl ferulate SER43, SER47, PHE390, LYS562, LEU100, LEU73, ASN39,
TRP349 ALA99, TRP69, ALA348, GLY66, SER44,
LEU391, THR347, ASP350, ARG393
PHE40
Citrostadienyl ferulate GLU208 PHEA4O, TRP69, LEU391, LYS562, ALA99,
PHE390, GLN102,  TYR196,  GLN9S,
ARG393 ASP206,  GLY205,  ASN394,
TYR385, ASP350
Cycloart-23-Z-ene-33-  TYR385, PRO346, HIS378 ALA99, LEUT73, LEU391, PHE390,
25-diol-3B-trans LEU100, ALA348 TRP69, PHEAQ, ARG393, ASP382,
ferulate ASP350, THR347,  GLU375,
ASN394, SER77, GLN102
Cycloartanyl ferulate - TRP349, GLN102, ALA99, LEU391, TRP69,
LEUT73 PHE390, TYR385, SER44, SER47,
ASP350,  ALA348,  ASP382,
PHE4O,  ARG393,  ASN394,
LEU100, SER77, LYS74
Cycloartenyl caffeate SER44 TRP349, TRP69, PHE390, LEU391,
LEUT3 ARG393,  TYR385, PHE4O,
ASP382,  ALA348,  ASP350,

SER47, ASN394
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Compound

Conventional

Hydrogen Bond

Pi-Pi / Alkyl

interaction

Van der Waals

Cycloartenyl ferulate

ARG514, ASN397

HIS401,
LEUT3

LyS74, SER77, ALA99, PHE32,
TRP69, LEU391, PHE390,
ASN394,  GLY395,  GLU402,
HIS378,  ASP350,  ASP382,
PHE40, LEU100

(24)-cycloart-25-ene-
3B-24—diol—3 B—frans

ferulate

ARG514,ASN397

HIS401

GLN102, SER77, LEU100, ALA99,
LEUT3, LEU391, PHE390, TRP69,
PHEAO, ASP350, ASP382,
ASN394,  GLY395,  GLU398,
GLU402, HIS378,

Cyclobranyl ferulate

PRO346, TYP385,
ALA348

HIS378,
LEUT3

LEU391, PHE390, TRP69, PHEAOQ,
ARG393,  ASP350, ASP382,
THR347,  GLU375,  ASN394,
LEU100, SER77, LYS74, ALA99

Cycloeucalenyl

ferulate

GLN102, SER7O,
GLY104

LyS74, LEUT3,
PHEAO,
PHE390

TRP69, PHE32, LEU391, ALA99,
LEU100, SERT7, SER105,
TYR202, ASN103, ALATIL,
ARG393,  SER106,  TYR385,
ASP350

Gramisteryl ferulate

ALA348, ARG514

HIS401,
HIS378,
TYR515,
PHE504

ARG273,  GLU402, GLU398,
ASP350,  TRP349,  TYR385,
ASP382, HIS505, TYR127

Sitostanyl ferulate

ALA348

HIS401,
LEU391,
LEUT3, LYS74,
PHE390,
PHE4O

GLN102, ALA99, ASP382,
ASN394,  TRP349,  ASP350,
ARG393, TRP69, LEU100, SER77
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Sitosteryl ferulate - ALA99, TRP69, LEU391, TYR196,
TYR385, GLY205, TRP566, PRO565,
ARG393, GLU564, ASN210, GLN98, LYS94,
PHE4O, GLU208, ASP206, ASN394,
PHE390, ASP350

LYS562,

LEU95,

VAL209
Stigmasteryl ferulate SER47, SERA3, PHE32, GLN102, ALA99, LYS562,
ASP350 LEUT3, PHE390, ARG393, ALA348,

LEU100, THR347, GLY66, SER44, TRP349,
LEU391 PHE40, ASN394

24-Methylenecycloartanyl ferulate docked with ACE2 protein (PDB ID: 1R42) revealed
the docking and binding energy score of -9.3 kcal/mol. Besides, it is formed one
hydrogen bond interaction with one amino acid is SER44. These hydrogen bond
interactions indeed enhance the binding affinity of the complex by stabilizing the
ligand at the active site of the target and thereby help in increasing the biological
activity of the complex. The other interaction includes pi-pi interaction with TRP39, pi-
alkyl with LEU73, PHE40 and van der Waals interaction with GLN102, LYS74, SER77,
LEU100, ASN394, SER47, SER43, ASP350, ASP382, TYR385, ARG393, PHE390, LEU391,

TRP69.

The cycloartenyl ferulate docked with ACE2 protein (PDB ID: 1R42) revealed the

docking and binding energy score of -9.7 kcal/mol. Besides, it formed two hydrogen



59

bond interaction with two amino acids is ARG514, ASN397. The other interaction
includes pi-pi interaction with HIS401, alkyl interaction with LEU73 and van der waals
interaction with LYS74, SER77, ALA99, PHE32, TRP69, LEU391, PHE390, ASN394, GLY395,

GLU402, HIS378, ASP350, ASP382, PHE4OQ, LEU100.

Campesteryl ferulate docked with ACE2 protein (PDB ID: 1R42) revealed the docking
and binding energy score of -9.3 kcal/mol. Besides, it formed three hydrogen bond
interactions with three amino acids is SER43, SER47, TRP349. The other interactions
include pi-pi interaction with SER43, amide pi-stacked with TRP349, pi-alkyl interaction
with PHE390, ALA99, LEU391, PHE40 and van der waals interaction with LYS562,

LEU100, LEUT3, ASN39, TRP69, ALA348, GLY66, SERA4, THR347, ASP350, ARG393.

4.1.2 The Physiochemical Properties of Phytochemicals from Y-Oryzanol Based on
Lipinski’s Rule of Five.

The 19 phytochemicals of Y-oryzanol were investicated for the drug-like properties
using the ADME (Adsorption, Distribution, Metabolism, and Excretion). In the
examination of the structures of orally administered drugs, and potential
pharmaceuticals using Lipinski’s rule of five highlights, the significance of molecular
weight (MW), number of hydrogen bond donor, and number of hydrogen bond
acceptors, Gl absorption, BBB permeant and Lipinski’s, the test compounds must meet

certain requirements, such as the molecular weight (MW) < 500 g¢/mol, the number of



hydrogen bond acceptors < 10, the number of hydrogen donors < 5, and a maximum

of 1 violations [111, 112].

Table 7 The physiochemical properties of the phytochemicals from gamma-oryzanol

based on Lipinski's tule of five.
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Compound Molecular | Hydrogen | Hydrogen Gl BBB Lipinski’s | Log
weight bond bond Absorption | permeant Pow
(g/mol) | acceptors donor
(< 500) (< 10) (< 5)
A"-Campestenyl 586.96 4 1 Low No 2 -3.70
ferulate
A\'-Sitostenyl 600.95 4 1 Low No 2 -4.84
ferulate
A'-Stigmastenyl 600.95 4 2 Low No 2 -4.84
ferulate
24- 616.91 al 1 Low No 2 -3.42
Methylenecyclo-
artanyl ferulate
Campestanyl 587.94 al 1 Low No 2 -3.70
ferulate
Campesteryl 562.82 q 2 Low No 2 -25.5
caffeate
Campesteryl 576.85 a4 1 Low No 2 -3.70
ferulate
Citrostadienyl 614.98 a4 1 Low No 2 -4.43

ferulate
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Compound Molecular | Hydrogen | Hydrogen Gl BBB Lipinski’s | Log
weight bond bond Absorption | permeant Pojn
(g¢/mol) | acceptors | donor
(< 500) (< 10) (< 5)
Cycloart-23-Z- 628.96 5 2 Low No 2 -4.26
ene—3[3—25—diot—
3B—tran5 ferulate
Cycloartanyl 602.89 4 1 Low No 2 -3.37
ferulate
Cycloartenyl 516.8 4 2 Low No 2 -26.2
caffeate
Cycloartenyl 602.89 4 1 Low No 2 -3.41
ferulate
(24)-cycloart-25- 628.96 5 2 Low No 2 -3.84
ene—3[3—24—diot—
3B—tran5 ferulate
Cyclobranyl 624.98 a4 1 Low No 2 -16.0
ferulate
Cycloeucalenyl 612.97 a4 1 Low No 2 -15.9
ferulate
Gramisteryl 600.95 4 1 Low No 2 -4.64
ferulate
Sitostanyl 592.89 4 1 Low No 2 -04.22
ferulate
Sitosteryl ferulate 590.88 il 1 Low No 2 -16.1
Stigmasteryl 588.86 il 1 Low No 2 -4.84

ferulate
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Almost all 19 phytochemicals have molecular weight more than 500 ¢/mol. Two from
the 19 have hydrogen bond acceptors more than 4 which are cycLoart—23—Z—ene—3[3,
25-diol-3B-trans ferulate and (24)-cycloart-25-ene-3[, 24-diol-3B-trans ferulate. Four
out of 19 phytochemicals (campesteryl caffeate, cycloart-23-Z-ene-3[3-25-diol-3[3-
trans ferulate, (24)—cycloart—25—ene—3B—24—diol—3B—tron5 ferulate and cycloartenyl
caffeate) have hydrogen bond donor more than 1. HBA and HBD total hydrogen bond
counts are significant indictors for high oral bioavailability [113]. The gastrointestinal
absorption (Gl absorption) of all 19 phytochemicals was low. This parameter is under
the category of pharmacokinetics. The Blood-brain barrier (BBB permeant) is selective
permeable to drugs and plays an important role in determining the brain distribution
of CNS drugs. According to the results all 19 phytochemicals show no BBB permeant.
In conclusion, all 19 phytochemicals of Y-oryzanol violate Lipinski’s rule of five more
than 1 because the molecular weight of all 19 phytochemicals of Y-oryzanol is more

than 500 g¢/mol. The P, of all 19 phytochemicals of Y-oryzanol are negative.

4.1.3 Toxicity of the Phytochemicals of Y-Oryzanol

The toxicity of the phytochemicals was calculated by ProTox-Il web server. The toxicity
prediction was demonstrated in Table 8. The ProTox-Il differentiated the classification
system of toxicity into oral toxicity, organ toxicity (hepatotoxicity), toxicological
endpoints (such as mutagenicity, carcinogenicity, cytotoxicity, and immunotoxicity),

toxicological pathways (AOPs) and toxicity target. The rule that identifies the
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compound’s acute toxicity (rodent) was based on the analysis of the two-dimensional
(2D) similarity with known LDs, value and identification of fragments over-represented
in toxic compound. The hepatotoxicity was based on Random Forest with SMOTE TC
(Synthetic  Minority Over-Sampling-using Tanimoto Coefficient) sampling. The
carcinogenicity, mutagenicity and cytotoxicity were based on machine learning with

over sampling, while immunotoxicity was based on the Multinomial Naive Bayes.

Table 8 Toxicity of the phytochemicals of gamma-oryzanol

Compound LDsxq Toxicity Hepato- Carcino- Immun- Mutage- Cyto-
value class toxicity genicity toxicity nicity toxicity
(mg/kg)
A"-Campestenyl 9600 6 ; 0.72 l; 0.69 A; 0.99 ; 0.94 l; 0.79
ferulate
A'-Sitostenyl 9600 6 il l; 0.73 A; 0.99 ; 0.88 l; 0.80
ferulate
A'-stigmastenyl 1000 4 l; 0.70 l; 0.67 A; 0.99 l; 0.85 l; 0.79
ferulate
24-Methylenecyclo- 25000 6 l; 0.70 l; 0.76 A; 0.99 ; 0.91 l; 0.58

artanyl ferulate
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Compound LDsq Toxicity Hepato- Carcino- Immun- Mutage- Cyto-
value class toxicity genicity  toxicity nicity toxicity
(mg/kg)
Campestanyl 9600 6 ; 0.70 l; 0.73 A; 0.99 ; 0.89 l; 0.83
ferulate
Campesteryl caffeate 9960 6 l; 0.74 l; 0.55 A; 0.99 l; 0.91 l; 0.78
Campesteryl ferulate 9600 6 l; 0.72 l; 0.65 A; 0.99 [;0.94 l; 0.79
Citrostadienyl 1000 4 l; 0.70 l; 0.67 A; 0.99 l; 0.85 l; 0.79
ferulate
Cycloart-23-Z-ene- 1000 a4 l; 0.67 l; 0.68 A; 0.99 l; 0.71 ; 0.70

BB—ZS—dioL—BB—trans

ferulate
Cycloartanyl ferulate 9600 6 l; 0.70 l; 0.75 A; 0.99 l; 0.88 l; 0.62
Cycloartenyl caffeate 5000 5 l; 0.61 l; 0.66 A; 0.88 l; 0.66 l; 0.74
Cycloartenyl ferulate 25000 6 l; 0.71 l; 0.77 A; 0.99 [; 0.91 l; 0.60
(24)-cycloart-25-ene- 1000 4 l; 0.65 l; 0.66 A; 0.99 l; 0.67 l; 0.68

3 B-Z&—diot-3 B-trans

ferulate

Cyclobranyl ferulate 1000 4 l; 0.70 l; 0.65 A; 0.99 l; 0.76 l; 0.70
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Compound LDsq Toxicity Hepato- Carcino- Immun- Mutage- Cyto-
value class toxicity genicity  toxicity nicity toxicity
(mg/kg)
Cycloeucalenyl 1000 a4 l; 0.67 l; 0.68 A; 0.99 l; 0.75 ; 0.70
ferulate

Gramisteryl ferulate 1000 4 l; 0.67 l; 0.67 A; 0.99 l; 0.84 l; 0.82
Sitostanyl ferulate 9600 6 l; 0.72 l; 0.73 A; 0.99 ; 0.88 l; 0.80
Sitosteryl ferulate 9600 6 l; 0.74 l; 0.66 A; 0.99 [; 0.93 l; 0.79
Stigmasteryl ferulate 9600 6 l; 0.74 l; 0.66 A; 0.99 [; 0.93 l; 0.79

LDs, : Median lethal dose; I: Inactive; A: Active

The GHS guidelines classify the substance into six groups, with the highest eroup having
the low likelihood of being dangerous or harmful. Class 1 (LDsy < 5) and class 2 (5 <
LDsy < 50) signifies that the compound is lethal and almost certainly will result in
death. Class 3 (50 < LDsy < 300), indicates potential toxicity hazards, from oral
exposure. Class 4 (300 < LDs, < 2000) classifies substance that are most likely to be
dangerous when consumed. Seven phytochemicals including fall in class 4 such as A'-
stigmastenyl ferulate, citrostadienyl ferulate, cycLoart-23—Z-ene—3B—25—diol—3B—trans
ferulate, (24)—cycloart—25—ene—3B—24—diol—3B—trans ferulate, cyclobranyl ferulate,
cycloeucalenyl ferulate, and gramisteryl ferulate. Compounds that are less likely to be

hazardous after oral consumption are included under class 5 (2000 < LDs, < 5000).
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Among only one phytochemical such as cycloartenyl caffeate were classified in class
5. Finally, class 6 (LDs; = 5000) reflects the non-toxic compounds. Eleven
phytochemical falls in class 6 such as A’-campestenyl ferulate, A'-sitostenyl ferulate,
campestanyl ferulate, campesteryl caffeate, campesteryl ferulate, cycloartanyl
ferulate, sitostanyl ferulate, sitosteryl ferulate, stigmasteryl ferulate, and the major

compounds of Y-oryzanol, 24-methylenecycloartanyl ferulate and cycloartenyl

ferulate is (LD50 25000 mg/kg).

Overall, eleven phytochemicals of Y-Oryzanol (A7-campestenyl ferulate, A’-sitostenyl
ferulate, campestanyl ferulate, campesteryl caffeate, campesteryl ferulate,
cycloartanyl ferulate, sitostanyl ferulate, sitosteryl ferulate, stigmasteryl ferulate, 24-

methylenecycloartanyl ferulate, and cycloartenyl ferulate) out of 19 were calculated

as non-toxic phytochemicals of Y-oryzanol.

Based on the in-silico study, the major compounds of Y-Oryzanol show ADME
calculation, and toxicity predictions, (24-methylenecycloartanyl ferulate, cycloartenyl
ferulate, and campesteryl ferulate) were potential to be developed as novel inhibitors

for ACE2.

4.2 Isolation of target compound

Isolation of Y-oryzanol from crude rice bran acid fraction (RBAF) was carried out
chromatographic and precipitation techniques. RBAF (53 g) was subjected to silica gel

column chromatography (310 g of silica gel in column with 13 cm diameter and 16 cm
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length), eluting with hexanes, hexanes: EtOAc (20:1, 15:1, 10:1, and 5:1) and EtOAc in
stepwise fashion. For eluting with hexane there was no indication of Y-oryzanol
according to TLC and NMR analysis. Those fractions contained fatty acid and
triglycerides as a liquid. For eluting with 20:1 (n-hexane: EtOAc) there was no indication
of Y-oryzanol. Using 15:1 n-hexane: EtOAc as eluent. The total 10 combined were
obtained. According to TLC and NMR analysis, Y-oryzanol was obtained in fractions 7,
8, 9, and 10. By staining with FeCl; in MeOH, Y-oryzanol of the fractions 7 and 8 showed
R¢ value of 0.5 on TLC developed by 8:2 as a mobile phase while Y-oryzanol of the
fractions 9 and 10 showed the R value of 0.3 on TLC developed by the same mobile
phase 8:2. After evaporation of the solvent and kept the residue at room temperature
white or yellow solids were precipitated in the combined fractions of 7 and 8 and of
9 and 10. By NMR analysis, the liquid from the precipitation comprised of Y-Oryzanol
and fatty acid (triglycerides). The precipitated solids were separated from the
combined fractions by using vacuum filtration. The residue on filter paper was washed
with 1 ml of cold hexane to afford the white and yellow solid. The precipitated solid
was analyzed by TLC and 'H NMR. Based on NMR result, the white and yellow solid
were mainly Y-oryzanol and the filtrate, obtained as liquid after removal of the solvent
was triglyceride. The NMR analysis was also used to confirm the existence of Y-oryzanol
in the product. The % purity of Y-oryzanol and % yield of Y-oryzanol were calculated

by:
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% yield of Y-oryzanol product =

Amount of y—orzanol product from precipation (mg)

X1 Fa. (1
Amount of RBAF (mg) 00 a1
ly/3
% purity of Y-oryzanol = J—/m X 100 Eq.
_+_
32

Whereas ly is integral of the methoxy protons of Y-oryzanol and lg is integral of triplet
signal for Ol-proton of the fatty acid moiety. The purity of Y-oryzanol of the white or
yellow solid product were estimated by NMR analysis (E.q 2) is = 90%. The Y-Oryzanol

obtained from fractions 7 and 8 were mainly pure (see Fig 11) while the Y-Oryzanol

from fractions 9 and 10 contained small amount of triglycerides (see Fig).

Further eluting with the mobile phase hexane: EtOAc 10:1, the 16 combined fractions
were obtained. According to TLC analysis the fractions 11-16 comprised of Y-oryzanol.
Because fractions 11-13 showed similar TLC profile, these fractions were combined. By
staining with FeCl; in MeOH, Y-Oryzanol of the fractions 11-13 showed R¢ value of 0.5
on TLC developed by 8:2 as a mobile phase. while Y-oryzanol of the fractions 14-16
showed the Rf 0.3 on TLC developed by the same mobile phase 8:2. After, evaporation
of the solvent the residue was kept at room temperature and white or yellow solids
were precipitated in the fraction 11-13. By NMR analysis, the liquid from the
precipitation comprised of Y-oryzanol and fatty acid (triglycerides). The precipitation
and isolation of Y-oryzanol from the fractions 11-13 and 14-16 was performed in similar
manner as described above. The purity of Y-oryzanol in both fractions 11-13 and 14-

16 was > 90% (calculated by equation 2).
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For further isolation eluting with the mobile phase 5:1 n-hexane: EtOAc, there was no

indication of Y-oryzanol in each fraction according to TLC and NMR analysis. The results

eluting with 5:1 n-hexane: EtOAc were totally triglyceride and the last combined

fractions from elution with EtOAc was fatty acid and without Y-oryzanol.

4.3 Structure Elucidation of Isolated Compounds

For 19 structures of Y-oryzanol obtained from the rice bran oil, 8 structures are
cycloartenyl type Y-oryzanol including 24-methylenecycloartanyl ferulate,
cycloartenyl ferulate, cycloartenyl caffeate, cycloartanyl ferulate, cyclobranyl ferulate,
(24)—cydoart—25—ene—36, 24-diol-368-trans ferulate, cycLoart—23—Z—ene—33, 25-diol-36-
trans ferulate, and cycloeucalenyl ferulate and 11 structures are phytosterols type Y-
oryzanol including campesteryl that consist of campesteryl ferulate, campesteryl
caffeate, sitosteryl ferulate, stigmasteryl ferulate, A’-stigmastenyl ferulate, A'-

sitostenyl  ferulate, A’-campestenyl ferulate, gramisteryl ferulate, citrostadienyl

ferulate, campestanyl ferulate, and sitostanyl ferulate.



4.3.1 Structure Elucidation of Isolated Fractions 1, 2, and 3.

Figure 13 Structure of Campesteryl Ferulate

70



HO" 7

al

Figure 16 Structure of Cyclobranyl ferulate
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Figure 17 "H NMR spectrum of isolated fraction 1

Isolated fraction 1 was obtained as a white and yellow solid from the fractions 7 and
8 eluted with 15:1 (Hexane: EtOAc). Based on NMR analysis, it was a mixture of different
structures of Y-Oryzanol. Although 24-methylenecycloartanyl ferulate is a major
compound of Y-Oryzanol in rice bran oil. According to 'H NMR (Figure 17) and °C NMR
(Figure 18) spectra of the isolated fraction 1 showed no signals of olefinic protons of
24-methylenecycloartenyl ferulate at Oy 4.72 and 4.67 ppm (br,s) for H,-28 and at Oc
105 ppm for C-28. Compared to 'H and *C NMR data of cycloartenyl ferulate in the
(Table 9 and 10, Figure 12), stigmasteryl ferulate (Figure 16), campesteryl ferulate

(Figure 13), sitostenyl ferulate (Figure 14) and cycloartenyl ferulate was the major
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component of the Y-Oryzanol fraction 1. Thus isolated fraction 1 was a mixture of

cycloartenyl ferulate as a major component, cyclobranyl ferulate, and small amount

of campesteryl ferulate.

the ferulates of y-oryzanol standard

dissolved in solvent CDCI3 and

D recorded at 400.23 MHz i

S76.4008 3894338

, 904575
L.k
o W0 %0 @0

Wagqar F1

6014351 Jorsams

616.0750
1 024586

$754376 2

6034641

i

6174772 6684607
! 6303151 6474631

L1 ! ! !1
TR T

Uil L

Gie &
Mass/Chiarge, Da

1 = campesteryl ferulate (m/z 575 [M — H+]),

2 = sitosteryl ferulate (m/z 589 [M — H*]),

3 = cycloarteny] ferulate (m/z 601 [M — H*]) and

4 = 24-methylenccycloartanyl ferulate (m/z 615 [M - H*])

Hz-31 4.72[JH.»J,4(\';‘[LH s)

RSC Adv., 2020, 10, 43975-43984

Figure 18 Comparison NMR data of Isolated fraction 1

Compared to the NMR spectra with the previous data as shown in Figure 18 the isolated

fraction 1, was a mixture of cycloartenyl ferulate (CAF), as a major component of Y-

oryzanol, cyclobranyl ferulate (CBF), and small amounts of campesteryl ferulate (CPF).
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Figure 19 Compare NMR of cycloartenyl ferulate, cyclobranyl ferulate and campesteryl ferulate.

In Figure 19, it was obvious that cycloartenyl ferulate was a major component in mainly
structures of Y-oryzanol fraction 1 together with cyclobranyl ferulate and a small

amount of campesteryl ferulate.
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Figure 20 Comparison NMR spectrum of campesteryl ferulate
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28
Position & & (Uin Fiz 3 5 (Jin Fiz)
1 3163 167, m; 128, m 3163 167, m: 129, m
2 26,95 1.84,m ; 167, m 26.95 1.84, m:1.68, m
o 4 3 80.52 471,0d (1.1, 5.1) 8052 472, dd (108, 4.8)
20" 308 4 30.70 39.70 -
5 4721 .44, dd (186, 4.2) 47.20 145, dd (123, 45)
H [Z 5 20.95 1,60, m ; 0.82, m 2095 1.60,m:0.82, m
Compound-Rcera (CBFA) Compound-R¢se (CSFA) 7 2584 134, m; 111, m 2583 135, m:1.10,m
8 4788 1.53, dd (12.0, 4.8) 4785 1.53, dd (12.0, 4.8)
e — ] 20.15 - 20.15 -
0 25.08 25.98 -
1 26.49 201, 8t (150, 84) 1145 m 2648 200, dt (15.0, 8.3) ; 1.14, m
12 3281 1.62,m 274 163, 1(8.3)
13 2525 - 45.31 -
1% 48.80 - 48.81 -
15 35.53 130, m 5.5 131, m
16 2811 193, m;1.30, m 2823 193, m;132, m
Wagar F1 7 52,07 161, m 5243 159, m
18 17.99 0.98,5 18.02 0.88, 5
cyg]oanenw ferulate 19 20.82 0.60, d (3.9) ; 0.37, d (3.9) 20.79 0.60, d (3.9) ; 0.37, d (3.9)
20 36.28 1.36, m .19 142, m
- | 21 18.37 0.91, d (6.0) 18.29 0.84, d (6.6)
(Campesteryl ferulate 2 34,59 1.4d,m;1.05, m 3438 208, m; 171, m
2 31.38 2.06,m; 1.89, m 120.80 5.16, 1 (7.5)
24 128.43 - 141.40 -
25 123.30 - 36.99 2,24, sep (6.9)
2 20.56 or 20,00 1640r 163, 5 2161 0r 21.58 099, d (6.9)
27 20.56 or 20.00 1640r 163 s 2161 or 21.58 0.99, d(6.9)
28 18,51 1635 1351 1555
2 25.48 0.90, 5 2548 0.80, s
30 15.35 098 s 15.34 0.88. s
N Ll 19.28 0gl,s 19.28 081, 5
H-24 r 167.08 - 167.08 -
2 118.31 630, d (15.6) 116.31 :
weak 3 144.30 7.60, d (156} 144.30
& 12714 - 127.14 .
‘ 5 109.18 7.05,d(1.8) 109.18 7.05,d(18)
Jl 20 & & 48T - 148.70 -
f 7 776 147.78 -
_ A b L A L Y W MJ‘— 8 114,63 692 d(B.4) 11483 892,d(8.4)
g 123.05 7.08, dd (8.4, 1.8) 123.08 7.08, dd (8.4, 1.8)
1w 55.95 3948 55.95 38,5
. . OH - 5845 - 583, 5
B ™ e & T % . a0 % B % - % S

Figure 21 Comparison NMR data of cyclobranyl ferulate and cycloartenyl ferulate
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Figure 22 Compare the NMR spectrum of sitosterol (phytosterol) with isolated fraction 1.
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Figure 23 Compare the NMR spectrum of stigmasteryl with isolated fraction 1
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Figure 24 Compare the NMR spectrum of 24-methylenecycloartenyl ferulate
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In figure 24, C-28 of 24-methylenecycloartenyl ferulate is a terminal of olefinic double
bond. In comparison of the isolated fraction 1 with the previous data there was no

show olefinic signal of H,-28.
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8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

Figure 25 'H NMR spectrum of isolated fraction 2 (CDCls, 500 MHz)
Isolated fraction 2 was obtained as a white and yellow solid from fraction 11 and 13
eluted with 10:1 (Hexane: EtOAc). Based on NMR analysis, it was a mixture of different
structures of Y-oryzanol. The isolated fraction 2 was a mixture of campesteryl ferulate
(CPF), sitosteryl ferulate (STF), stigmasteryl ferulate (SMF), and cycloartenyl ferulate

(CAF).
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Fositon B (Jin Hz) B & (Jin Hz)
1 3163 167, m; 128, m 363 67, m; 128 m
2 2685 1.84, m; 167, m 2695 184, m ; 1.68,m
3 80.52 471, dd (1.1, 5.1) 80.52 4.72,6d (108, 4.8)
= 4 39.70 - 39.70 -
5 a2 1.44, dd (18.6, 4.2) 47.20 1.45,dd (12.3, 4.5)
6 20,95 1.60, m 0.82, m 2095 1,60, m ; 0.82, m
Compound-Rgge (CSFA) 7 2584 134, m: 111, m 2583 135, m;1.10,m
8 47.88 1.53,dd (12.0, 4.8) 4785 1.53,9d (120, 48)
9 2015 - 0.5 -
10 2598 - 2598 -
1 2649 201, 6t (15.0, B4) ; .15, m 26.48 2.00, 6t (15.0,8.3); 114, m
12 281 1.62,m 3274 1,63, 1(8.3)
x 13 45.25 - 45.31 -
14 48.80 - 4881 -
i5 3553 1.30,m 3558 131, m
16 28.11 183, m 130, m 28.23 183, m; 132, m
17 5207 161 m 5243 159, m
18 7.9 0983 18.02 038, 5
19 2082 0.60,d (3.9):0.37, d (3.9) 279 080, d(3.9);0.37, d (39)
20 36.28 138, m ar1s 142, m
n 18.37 0.81, d (6.0) 18.29 0.84, d (8.6)
2 3459 144, m; 105, m 34.38 208, m: 171, m
=) .36 2,08, m: 189, m 120.90 5.16,1(7.5)
24 128.43 - 141.40 -
25 123.30 - 36.99 224, s0p (6.9)
% 20.56 or 20.00 1840r 183, 5 21.61 0r 21.58 099, d (6.9)
Fd 20.56 or 20.00 1.640r 163, 5 21.61 or 21.56 0.99,d(6.9)
28 18.51 1635 1351 185, 8
X 23 2548 090,85 2648 090, s
X 30 15.35 098 s 15.34 038, s
3 19.28 091, s 19.28 091, s
r 167.09 - 167.09 -
z 116.31 6.30, d (15.6) 116,31 630, d (15.9)
El 144.30 7.60, d (15.6) 144.30 760, (15.9)
& 127.14 - 127.14 -
'L | 5 109.18 7.05,d (1.8) 100.48 7.05, d(1.8)
& 146,71 - 146.70 -
h oy HJ“N 1 T U778 . 17.76 .
J_JL & 114.63 692, d (8.4) 11463 692 d(84)
s 123.05 7.08, 0d (8.4, 1.8) 123.05 7.08, dd (8.4, 1.8)
i 55.95 3,5 3945
OH
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Figure 29 'H NMR spectrum of stigmasteryl ferulate with isolated fraction 2
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Figure 30 "H NMR spectrum of stigmasteryl compare with previous data.
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Figure 31 'H NMR spectrum of isolated fraction 3
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Isolated fraction 3 was obtained as a white and yellow solid from fraction 14 and 16
eluted with 10:1 (Hexane: EtOAc). Based on NMR analysis, it was a mixture of different
structures of Y-Oryzanol. The isolated fraction 3 was a mixture of campesteryl ferulate
(CPF) as a major component, together with small amount of cycloartenyl ferulate

(CAF), and cyclobranyl ferulate (CBF).

the ferulates of y—oryzan‘o_l standard o

dissolved in solvent CDCI3 and + !
recorded at 400.23 MHz i ) s

D

8380 E§

.
T 4T L} L
8 6 4 2 q
1 = campesteryl ferulate (m/z 575 [M - H*]),
Waqar F3 2= si M- H#),
3=cy 601 [M — H*]) and
4 = 24-methylenceycloartanyl ferulate (m/z 615 [M - H*])

|

Il
L J' ‘ '_. li AR - Ji,"b}’L}l ‘*‘m HJ._L_
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Figure 32 Compare 'H NMR spectrum of isolated fraction 3 with previous data.
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Position B o (0 Fiz) B [ n Hez)
1 3163 167, m; 129, m 3163 167, m; 129, m
2 26.95 184, m;1.67. m 26.95 184, m; 168, m
3 80.52 471, (1.1, 5.1) B0.52 472, dd (10.8, 4.8)
4 .70 - 30.70 -
& a7 144, dd (186, 4.2) 47.20 145, dd (123, 45)
L 20.95 1.60, m;0.82 m 2095 180, m;0.82. m
7 2584 134,m: 101, m 25.89 1.35,m:1.10. m
B 4188 1.53, dd (12.0, 4.8 4785 1.53, dd {120, 4.8)
] 20.15 - 20.15 -
10 25.98 - 25.98 -
L] 26.48 201, 4t (15.0, 8.4) ; 1.45, m 26.48 2.00,dt (15.0,8.3) ; 1.14,m
12 281 162, m 2274 1.63,18.3)
13 4525 - 45.31 -
14 48.80 - 4881 -
15 35.53 130,m 3558 131m
% 2811 193, m:1.30, m 8.2 183,m;:1.32.m
7 5207 161, m 5243 158, m
8 17.99 088,58 18.02 0885
19 2082 0.60,d(39):0.37, d (3.9) 20.79 060, d (39) :0.37. d (3.9)
20 38,28 138 m are 142, m
21 1837 0.91,d(6.0) 1829 0.84, d (6.6)
2 34.59 144,m:1.05 m 4.3 208, mi171.m
2 31.38 2.08,m;1.89, m 120.90 5.16,1(7.5)
24 128.43 141.40 -
25 123.30 - 36.99 224, sep (6.9)
26 20.56 or 20.00 1.840r 163 5 21.61 or 21.58 0.99, d (8.9)
21 20.56 or 20.00 1B40r 1635 2161 0r 2158 0.99, d (6.9)
28 8.5 163,85 1151 155,58
2 2548 080,5 2548 080,
a0 15.35 088, s 15.34 0885
# 19.28 081, s 19.28 0915
v 167.09 - 167.09 -
z 18.31 630, d (15.6) 116,31 630, d (15.9)
¥ 144.30 7.60, d (16.6) 144.30 760, d (15.9)
& 12714 - 127.14 -
5 108.18 7.05,d(1.8) 109.18 7.05,d(1.8)
& 148.71 - 148.70 -
T 147.76 - 147.76 -
@ 11463 6.92,d (B.4) 11463 6.92,d (B.4)
] 123.05 7.08, dd (8.4, 1.8) 123.08 7.08, dd (8.4, 18)
10 55.95 3848 55.85 394, s
OH - 5846 - 583 5

Figure 35 Compare 'H NMR data of cycloartenyl ferulate and campesteryl ferulate of

isolated fraction 3 with the previous data.
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Figure 36 'H NMR spectrum of stigmasteryl of isolated fraction 3



Table 9 'H NMR data of cycloartenyl ferulate (CDCls, 500 MHz)
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Position Reference 5H (ppm), J in Position Reference 5H (ppm), J in
Hz Hz
1 1.27, m 1.28, m 6 1.44, d 1.45, d (12.40,
(12.40, 4.35) 4.35)
2 1.65, m 1.66, m 7 1.30, m 1.28, m
3 471, m 471, m 8 1.53, dd 1.54, dd (12.15,
(12.15, 3.70) 3.70)
4 - - 9 - -
5 1.44, d (12.40, | 1.45, d (12.40, 10 - -
4.35) 4.35)
11 1.15, m 117, m 25 - -
12 1.30, m 1.28, m 26, 27 1.68,s; 1.61, 1.68, s ;
S 1.61,s
13 - - 28 0.97, s 0.96, s
14 - - 29 0.90, s 0.90, s
15 1.63, m 1.64, m 30 0.97, s 0.96, s
16 1.11, m 1.15, m 1 - -
17 1.63, m 1.64, m 2 6.29, d 6.29, d (15.90)

(15.90)
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18 091, s 0.89, s 3 7.59,d 7.60, d (15.85)
(15.85)
19 0.36,d (3.95); | 0.35,d(3.95); 4 - -
0.60, d (3.90) 0.58, d (3.90)
20 1.40, m 141, m 5 7.07, dd 7.06, dd (8.15,
(8.15, 1.55) 1.55)

21 0.90, s 0.89, s 6 6.91,d (8.15) | 6.91,d(8.15)

22 1.15,; m 1.17, m s 585, s 5.85, s

23 2.03, m 2.02, m 8 6.92, d (8.4) 6.91,d (8.4)

24 5.10, t (6.75) 5.11, t (6.75) 9 7.03, d (1.50) | 7.03, d (1.50)
10° 392, s 391, s
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170 150 140 130 110 100 o 70 60 a0 30 10
Figure 37 13C NMR spectrum of isolated fraction 1
Table 10 °C NMR data of cycloartenyl ferulate (CDCl;, 500 MHz)
Position Reference 6. (ppm) Position Reference 6 (ppm)
1 31.8 32.0 6 21.1 20.9
2 27.1 27.1 7 28.3 28.2
3 80.7 80.7 8 48.0 4a7.9
a 39.8 40.0 9 20.3 21.0
5 47.3 47.5 10 26.1 26.0
11 26.0 26.0 25 131.0 131.0
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12 35.7 35.7 26, 27 17.8 ;259 178 ; 25.9
13 453 454 28 19.4 20.0
14 48.9 49.0 29 25.6 25.6
15 33.0 33.0 30 155 16.0
16 26.6 27.0 1’ 167.2 167.3
17 52.4 52.4 2 116.4 116.5
18 18.1 18.0 3 144.5 144.5
19 29.9 30.0 4 127.3 127.3
20 36.0 36.0 5 109.4 109.4
21 18.4 155 6’ 146.9 146.9
22 36.5 36.6 I 148.0 148.0
23 25.1 25.0 8’ 114.8 114.7
24 125.4 125.6 9’ 123.1 123
10° 56.1 56.0
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Cyclobranyl ferulate was another structure of cycloartenyl that are present in the

mixture. It is molecular formula Cq;HeoO4, and its *H NMR data were shown in table 13.

The structure of cyclobranyl ferulate was established as shown in figure 15 [114].

Figure 38 Structure of cyclobranyl ferulate

Table 11 'H NMR data of cyclobranyl ferulate (CDCls, 500 MHz)

Position Reference 6., (ppm), J in Position Reference | &, (ppm), J in
Hz Hz
1 1.67, m; 1.29, | 1.68, m; 1.30, 6 1.60, m ; 1.60, m ; 0.90,
m m 0.82, m m
2 1.84, m; 1.67, | 1.85 m; 1.68, 7 1.34, m; 1.32, m; 1.10,
m m 1.11, m m
3 4.71,dd (11.1, | 4.71,dd (11.1, 8 1.53, dd 1.55, dd (12.0,
5.1) 5.1) (12.0, 4.8) 4.8)
4 - - 9 - -
5 1.44,dd (18.6, | 1.44. dd (18.6, 10 - -
4.2) 4.2)
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Position Reference 6., (ppm), J in Position Reference | &, (ppm), J in
Hz Hz
11 2.01, dt (15.0, 2.01, dt (15.0, 25 - -
8.4);1.15, m 8.4);1.13, m
12 1.62, m 1.62, m 26, 27 1.64,s;1.64, | 1.64,s; 164, s
s
13 - - 28 1.63, s 1.62,s
14 - - 29 0.90, s 0.90, s
15 1.30, m 1.29, m 30 0.98, s 097, s
16 1.93, m; 1.30, 193, m; 1.29, 31 091, s 0.90, s
m m
17 1.61, m 1.61, m 1 - -
18 0.96, s 0.96, s 2 6.30, d (15.6) | 6.29, d (15.6)
19 0.60, d (3.9) ; 0.58, d (3.9) ; 3 7.60,d (15.6) | 7.59,d (15.6)
0.37, d (3.9) 0.35, d (3.9)
20 1.36, m 1.36, m a - -
21 0.91, d (6.0) 0.90, d (6.0) 5 7.05,d (1.8) 7.04,d (1.8)
22 1.44, m; 1.05, 1.44, m ; 1.05, 6 - -
m m
23 2.06, m; 1.89, 2.05 m; 1.89, Ia - -
m m
24 - 8 6.92,d (8.4) | 6.90,d (8.4)
9’ 7.08, dd (8.4, 7.07, dd (8.4, 10° 394, s 3.92, s
1.8) 1.8)




Table 12 3C NMR data of cyclobranyl ferulate (CDCL3, 500 MHz)
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Position Reference 6. (ppm) Position Reference 6. (ppm)
1 31.63 32.0 6 20.95 21.0
2 26.95 27.1 7 25.84 25.83
3 80.52 80.7 8 47.86 a7.9
4 39.70 40.0 9 20.15 20.1
5 47.21 47.5 10 25.98 25.92
11 26.49 26.0 21 18.37 18.37
12 32.81 357 22 34.59 34.60
13 45.25 45.4 23 31.36 31.40
14 48.80 49.0 24 128.43 128.5
15 3553 33.0 25 123.30 123.25
16 28.11 27.0 26 20.56 21.00
17 52.07 524 27 20.56 21.00
18 17.99 18.0 28 18.51 18.75
19 29.82 30.0 29 25.48 25.55

20 36.28 36.0 30 15.35 15.90
31 19.28 19.38 6 146.71 146.7
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Position Reference 6 (ppm) Position Reference 6 (ppm)
1 167.09 167.0 T 147.76 147.7
2 116.31 116.3 8 114.63 114.6
3 144.30 144.3 9 123.05 123.0
4 127.14 126.9 10° 55.95 56.0
5 109.18 109.18

The other three structures of cycloartenyl are (24)—cycloart—25—ene—36—24—diol—36—trans
ferulate, cycloart-23-Z-ene-36-25-diol-3B-trans ferulate, and cycloeucalenyl ferulate
have olefinic double bond in their structure. There is no peak of olefinic double bond
in the 'H and *C NMR spectrum. So, we can say these structures are not present in

the mixture of compounds.
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4.4 In vitro ACE2 Inhibition Assay
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Figure 39 ACE2 inhibition assay
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Compound ICso value of inhibition, concentration
in Plg/ml
Isolated fraction 1 (Cycloartenyl 10.57

ferulate, cycloartenyl caffeate,
cycloartanyl ferulate, and cyclobranyl

ferulate)

Positive control Dx600 0.0005

Table 13 IC 50 value of ACE2 inhibition assay

The isolated fraction 1 as a mixture of cycloartenyl ferulate, cycloartenyl caffeate,
cycloartanyl ferulate, and cyclobranyl ferulate of Y-oryzanol was tested on ACE2
activity. The ICsy value of the isolated Y-Oryzanol was 10.57 Hg/ml. These results

showed that the isolated Y-oryzanol showed potentials for ACE2 inhibitor.
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CHAPTER V CONCLUSION
In conclusion, purification of Y-oryzanol from the crude rice bran acid fraction to get
the three isolated fraction of Y-oryzanol containing cycloartenyl ferulate, campesteryl
ferulate, sitosteryl ferulate, stigmasteryl ferulate, and cyclobranyl ferulate. The
cycloartenyl ferulate and campesteryl ferulate as major components of Y-oryzanol
showed good ACE2 inhibitory activity with the 1Csy 10.57 Jlg/ml. Furthermore, the 19
structures of Y-oryzanol were also studied for their interaction against ACE2 through
molecular docking. Based on the in-silico study, ADME investigation, and toxicity
prediction, cycloartenyl ferulate and campesteryl ferulate out of 19 were potential to
be developed as novel inhibitor for ACE2. This result demonstrated that the isolated
Y-oryzanol from the crude acid fraction had the potential to be ACE2 inhibitor and its
significant ACE2 inhibitory activity could serve as leads for the development of novel

therapeutics targeting COVID-19.
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Table A.1 In silico approach of the phytochemicals in the active site of ACE2 (PDB ID:

1R42)
Phytochemical Binding Phytochemicals in the | 3D molecular amino acid 2D molecular amino
name energy active site of ACE2 interaction acid interaction
(kcalVmol)
A"-Campestenyl 9.0
ferulate \% s Vg o Vet
A'-Sitostenyl -8.5
ferulate /® ’)
\ .
ey . o 0 .
% " (se06 o
A'-Stigmastenyl -10.2
ferulate .
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Phytochemical Binding Phytochemicals in the | 3D molecular amino acid 2D molecular amino
name energy active site of ACE2 interaction acid interaction
(kcalVmol)
24-Methylene- -9.3
Phe40
Segdd A m““'m
cycloartanyl ferulate " g . B -
Campestanyl -9.4
ferulate -~ S o
Campesteryl -9.4
caffeate fm
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3D molecular amino acid

2D molecular amino

Phytochemical Binding Phytochemicals in the
name energy active site of ACE2 interaction acid interaction
(kcal/mol)
Campesteryl -9.3
ferulate » =7
Citrostadienyl -9.4
ferulate N ; .
Cycloart-23-Z-ene- -9.9
3[3, 25—diol—3[3—trans
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Phytochemical Binding Phytochemicals in the 3D molecular amino acid | 2D molecular amino
name energy active site of ACE2 interaction acid interaction
(kcalVmol)
Cycloartanyl ferulate -9.5
m‘%”"ﬁ P ] ;ss: -
Cycloartenyl -8.9
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Cycloartenyl -9.7
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Phytochemical Binding Phytochemicals in the 3D molecular amino acid | 2D molecular amino
name energy active site of ACE2 interaction acid interaction
(kcal/mol)
(24)-cycloart-25-ene- 9.4
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Phytochemical Binding Phytochemicals in the 3D molecular amino acid | 2D molecular amino

name energy active site of ACE2 interaction acid interaction

(kcalVmol)
Gramisteryl ferulate -9.5
f y e Sg"’g;m‘;r
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Phytochemical Binding Phytochemicals in the 3D molecular amino acid | 2D molecular amino
name energy active site of ACE2 interaction acid interaction
(kcalVmol)
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