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CHAPTER |
INTRODUCTION

Cancer is a non-communicable disease with a high incidence for mortality
rates (Dela Cruz,Tanoue and Matthay, 2011, Khazaei,Salehiniya and Mohammadian-
Hafshejani, 2015, Roswall and Weiderpass, 2015). At present, incidences of cancer
among the Thai population have increased. The five most important kinds in the
country are breast cancer, colorectal cancer, liver cancer, lung cancer and cervical
cancer, accounting for 62.01% of all cancer cases (Thai Ministry of Public Health,
2013-2017). This study focused on three types of cancer, namely breast cancer,
cervical cancer and liver cancer since breast cancer and cervical cancer are the two
leading causes of cancer in women, accounting for 24.69% and 8.23%, respectively,
of all cases in 2015. Meanwhile, liver cancer is the third most common cancer among
the Thai population, accounting for 10.99% of all cases and a high-mortality disease
(Sia et al., 2017). Based on the above information, cancer appears to be a disease
that poses a public health problem in the country. The data presented shows that
incidences of cancer among Thai and foreign populations are increasing continuously.
Therefore, there is an ever increasing research activity for the development of drugs
and products to treat or prevent cancer. One group of extracts that has been very
interesting is natural extracts, especially due to the active substances in a group of
antioxidants.

Albelmoschus esculentus (L.) Moench (Okra) is a flowering plant in the family
Malvaceae. Okra is planted in tropical regions around the world, such as Southeast
Asia, Africa and the Mediterranean. Okra is edible in many areas. In folk medicine, it is
also commonly used to treat gum disease. A great list of clinical studies regarding the
use of Okra in various conditions such as its use as an anti-inflammatory treatment,
as a dietary supplement for the body when under stress (Xia et al., 2015), nervous
system relief, and Alzheimer's protection (Karim et al., 2014, Mairuae et al., 2015).
Various phytochemistry reports have confirmed the presence of substances of the
flavonoid type. Okra seed also display antioxidant activity (Gates, 2013, Xia et al,
2015, Esan et al,, 2017), which is higher than in the pods. A substance commonly
mentioned in the Okra seed extract is Isoquercitrin. Isoquercitrin possesses many
pharmacological activities (Valentova et al.,, 2014). Isoquercitrin has shown inhibition
of urinary bladder (Chen et al,, 2016), and pancreatic cancer progress (Chen et al,,

2015), as well as colon cancer suppression (Amado et al., 2014). Despite the above
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numerous mentions, there is a paucity of reports regarding the anticancer effects of
Okra seeds. Hence, this research was focused on studying the composition and
activity of Okra seed extract on cancer cell lines in order to develop products for
future cancer prevention. Solubility issues pertaining to flavonoid compounds
necessitate a delivery system to increase cellular uptake and cytoplasm accessibility.
One of the most promising delivery systems is the polymeric micelles, due to the
easiness and low cost of preparation (Chen et al,, 2011, Lu and Park, 2013, Xu,Ling
and Zhang, 2013). Polymeric micelle is a polymer block with both hydrophilic and
hydrophilic properties. Polymers can be induced by self-assembly when dissolved
into the appropriate medium and is more concentrated than the critical micelle
concentration (CMC). The polymeric micelle formed consists of the core part formed
by the incorporation of the hydrophobic part and is surrounded by a hydrophilic
part. Examples of polymeric micelles are the ones used for delivery of the Juglans
mandshurica Maxim extract using poloxamer 188 mixed with lecithin to deliver it to
breast cancer cells (Jin et al.,, 2016) or the use of polymeric micelle to increase the
solubility and stability of nevirapin (Jindal and Mehta, 2015) and clozapine (Singla et
al,, 2018). Another example is Cisplatin (CDDP)-crosslinked, glutathione-sensitive,
tumor-targeting micelles based on carboxymethyl chitosan designed for synergistic
cisplatin-doxorubicin (DOX) combination chemotherapy(Zheng et al., 2017b).

In this research, the chemical and functional components of Okra seed

extract were investigated as was their delivery in the form of polymeric micelles.
Objective

The aim of the present study was

1) to elucidate the phytochemical composition of the Okra seed extract and

2) study the anticancer activity of its flavonoid-rich fraction, delivered in its native

form as well as

3) in the form of a polymeric micelle with enhanced solubility, in three carcinoma

cell lines.



CHAPTER Il
LITERATURE REVIEW

Okra (Albermoschus esculentus) is a flowering plant species belonging to
the family Malvaceae. In terms of botanical characteristics, Okra is classified as a
dicotyledon growing up to one-two meters. Its leaves are palmately lobed and are
10-20 centimeters in length, and the flowers are four-eight centimeters in size,
polypetalous with five white or yellow petals. The fruit is a pentagonal capsule with
a locule in the interior, which is divided into five pods; each containing a lot of seed.
Furthermore, Okra is grown in the tropical areas of the world; for example, South
East Asia, Africa, and the Mediterranean. Its fruits are usually consumed as food in
many areas.

TSN

Figure 1. Morphology of Okra

(https://worldoffloweringplants.com/planting-growing-harvesting-okra-plants/)

In terms of traditional medicine, it is believed that consuming Okra will heal
peptic ulcers. A study by Joshi et al. (Joshi et al., 2011) conducted on rats consuming
Okra extracted by water (AEag) at 1g¢/kg and induced by ethanol and indomethacin
when compared to cimetidine found that the extract of Okra had the competency to
decrease the peptic ulcer lesion, which had increased in size on the gastric wall
mucus (figure 2).


https://worldoffloweringplants.com/planting-growing-harvesting-okra-plants/
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Figure 2. Result of the Okra extract (AEaq) affecting rats induced by ethanol and

indomethacin.

Other research found that the Okra extract was able to resist the adherence
of Helicobacter pylori (H. pylori) in the tube (Lengsfeld et al.,, 2004, Messing et al.,
2014). H. pylori is a cause of peptic ulcers. Apart from the study on the
pharmacological activities of Okra, according to a study on the hypoglycemic action
and anti-hyperlipidemic action (Liu et al,, 2017)by Fan et al. (Fan et al., 2014), after
the induction of hyperglycemia in rats for three months, when they received the
Okra extracted by ethanol, the volume of the gclucose and fat decreased when
compared to the control group. These results conformed to the research by Tian et
al. (Tian et al, 2015)that induced diabetes in rats with streptozocin. As the rats
consumed the Okra extract, it was found that the extract could reduce the amount

of glucose and fat in the blood.



Table 1. Comparison of the biochemical indexes in all experimental groups (Tian et
al., 2015)

Group Control GDM group Intervention group
HbAlc (mmol/L) 5.04+0.85 13.03+2.67 7.17+1.28
TG (mmol/L) 0.66+0.16 3.35+0.28 1.21+0.23
TC (mmol/L) 2.15+0.11 6.13+0.23 2.63+0.34
FBG (mmol/L) 6.67+0.88 9.80+1.02 6.87+0.49
HDL (mmol/L) 1.00+0.15 0.82+0.19 0.98+0.14
LDL (mmol/L) 0.30+0.06 1.46+0.28 0.62+0.16

In addition, it was discovered that ingredients including 90% of fresh Okra
fruit and 7% of carbohydrate found in soluble fiber with the quality of soluble
cellulose having contact with water would result in the extract becoming mucus.
Based on the study of polysaccharides extracted from the Okra fruit, the extract
belonged in the acidic polysaccharide group. Moreover, it mainly contained sugar and
galacturonic acid (Sengkhamparn et al., 2009, Sengkhamparn et al., 2010, Kpodo et
al., 2017).

Table 2. The polysaccharide compositions of the Okra extract (Alba,Laws and
Kontogiorgos, 2015)

OoP2 oP6

Yield (g pectin/100 g dry okra pods) 133+ 0.3 15.7 = 0.2

Total sugars® 70.0 + 3.7 81.8 + 6.4
D-GalA? 46.8 + 2.1 (55.0) 569 =+ 6.9 (51.6)°
Methoxyl (-OCH3)? 33 + 0.1 2.5+ 0.1

Degree of methylation (DM%) 40.0 £ 1.6 246 + 1.0

Acetyl (-COCH3)*? 6.0 + 06 52+04

Degree of acetylation (DA%) 52.2+ 5.5 37.6 + 3.0

D-Gal® 17.0 + 3.3 (21.7)° 26.1 = 1.5(25.7)°
L-Rha?® 71 +2.0(10.1)° 12.1 £ 0.9 (13.2)°
L-Ara?® 45 + 3.1(7.1)° 6.0+ 33 (7.3)°
D-Glc? 244+ 05(3.1)° 22401 (22"
D-Xyl? 2.0+ 0.7 (3.0)° nja

Protein® 43 + 0.0 6.3 = 0.1

2 All values are expressed as % on wet basis of pectin powder.
b values in brackets are mol%.

OP2: Extraction to pH2 and OP6: Extraction to pHé.
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Figure 3. Structure of the acidic polysaccharide.

Nevertheless, a few studies examined the effect of polysaccharides extracted from
Okra; for example, the study on the viscosity of the Okra skin extract and the study
on the adhesive ability (Sengkhamparn et al., 2010, Kontogiorgos et al., 2012, Ghori et
al.,, 2017) which resulted in some further research and development. From a report
on the use of mucus extracted from Okra for the development of the application of
Propranolol Hydrochloride in the large intestine, the study compared three types of
cellulose: cellulose from tamarind kernel, chitosan, and Okra (Newton,Indana and
Kumar, 2015)

As for the anti-cancer effects, Vayssade et al. (Vayssade et al, 2010)
researched the use of the Okra seed extract and found an antiproliferative effect and
apoptosis on B16F10 skin cancer cells in a tube. Based on their study, Monte et al.
(Monte et al, 2014) found that lectin extracted from Okra similarly had an
antiproliferative effect towards MCF-7 breast cancer cells in agreement with Okra’s
phytochemical properties containing many types of flavonoids. Substances in the
flavonoid group have antioxidant (Gates, 2013, Xia et al., 2015, Esan et al., 2017) and
anticancer properties (de Sousa Ferreira Soares et al., 2012, Chen et al, 2013,
Venturelli et al,, 2016, Wang et al,, 2017, Zang et al.,, 2017). Several plant seeds
display phytochemical and pharmaceutical properties with anti-cancer effects, such
as legume seeds’ effect on advanced colorectal cancer (Lima et al,, 2016) and from
the multiple protective effect of peptides released from Olea europaea and Prunus
persica seeds against oxidative damage and cancer cell proliferation(Hernandez-
Corroto,Marina and Garcia, 2018). However, the Okra plant has as yet not received
sufficient attention apart from the reports confirming that the Okra seed contains
more major flavonoid substances than fruit. Consequently, this current research
study aims to study the composition and effect of the Okra seed extract toward

cancer cells as a development pathway for future cancer prevention applications.



One of the important flavonoids is isoquercitrin, which has been found to
display several pharmaceutical effects (Valentova et al,, 2014); for instance, an
antiproliferative effect in bladder cancers (Chen et al., 2016) antiproliferative effect in
pancreatic cancer (Chen et al,, 2015), antiproliferative effect in colorectal cancer
(Amado et al,, 2014) and suppressing VEGFR2-mediated signaling in zebrafish (Lin,Wu
and Dong, 2012) Nonetheless, substances belonging in the flavonoid group have
solubility issues necessitating the development of a transfer system to enhance its
target delivery efficiency.. One of the interesting delivery systems is the polymeric
micelle as it only requires simple preparation and is not expensive and can thus be

easily translated to industrial applications.

OH
OH
CH,OH
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Figure 4. Chemical structure of isoquercitrin

Isoquercitrin is a substance found in flavonoid glycosides, and possesses
antioxidant activities, it has therefore been discussed in cardiovascular disease
prevention; such as, myocardial ischemia, cerebral hypoxia, and ischemic disease.
Furthermore, it is known to display anti-inflammatory, anticancer, and/or antiviral
activities. However, isoquercitrin is rarely found in plants. The creation of isoquercitrin
in nature is to synthesize it from rutin with the hesperidinase enzyme, but this
enzyme is only found in small quantities in nature resulting in a minimal quantities of
isoquercitrin (Wang et al., 2015a, Wang et al.,, 2015b). On the other hand, isoquercitrin
has several other effects than rutin; for example, being anti-inflammatory. It was
found that this substance is able to reduce the building of prostaglandin better than
rutin. (Chanh et al., 1986).

The molar mass of isoquercitrin is 464.38 g¢/mol and displays the physical
characteristics of a yellow powder with conjugated double bonds in its structure that
can absorption UV light at maximum wave lengths of 257 and 352 nm; isoquercitrin

can dissolve at 95 mg/l, and logP = 0.76. It was initially discovered in the Cercis



Canadensis L. (eastern redbud) extract (Valentova et al,, 2014). Nowadays, it has
been found in many plants; for instance, soulieana Crepin flowers (Yang et al., 2013),
Eucommia ulmoides Oliv. Leaves (Dai et al., 2013), Crataegus pinnatifida Bge. (Chinese
hawberry) fruits (Jurikova et al., 2012), Crataegus azarolus L. (azarole) leaves (Belkhir
et al, 2013), flowering shoots of Caragana arborescens Lam. (Siberian
peashrub;(Olennikov et al., 2012)), leaves of Arbutus unedo L. (strawberry tree;(Males
et al., 2006)), in various Allium species (Vlase et al., 2012), in extracts from amaranth
leaves, flowers, stems and seed (Kraujalis and Venskutonis, 2013). Safety studies on
humans have not been conducted yet. However, in a Wistar rat 52-week chronic
toxicity study, has already been completed. The rats were divided into a control
group and an experimental group in which the groups received food mixed with
concentrated isoquercitrin at 0.04%, 0.2%, 1%, and 5% w/w, respectively resulting in
no deaths. For the biotransformation of isoquercitrin, it was realized that the
substance could perform hydrolysis through the gastrointestinal tract. With regards to
the experiment with the Wistar rats, 36%, 7%, 96% and 100% of the substance could
be dissolved in the duodenum, the jejunum, the ileum, and the colon respectively.
Nevertheless, when studied in the Caco-2 cells, there was no change as the cells had
no enzyme that was related to biotransformation. Moreover, the findings
demonstrated that isoquercitrin could be metabolized by the liver cells with UDP-
glucuronosyltransferases (UGTs) and sulfotransferases (SULTs). Isoquercitrin s
hydrolyzed through the gastrointestinal tract iv vivo while in vitro in the rat liver and
breast cells it is re-secreted via receptor multidrug resistance-associated protein 2
(MRP2) or breast cancer resistance protein (BCRP). Additionally, in the rat it leads to
the stimulation of CYP1A1, CYP1A2, and CYP2B1/2 possibly via quercetin, which is
one of the metabolites of isoquercitrin.

Isoquercitrin isolated from Aster yomena, which has been used as a
traditional medicinal herb showed in the study of Yun et al. (Yun et al,, 2015), tha is
possessed fungicidal effects on Candida albicans via inducing membrane disturbance.
Althousgh its effect is not as proficient as amphotericin B, isoquercitrin has a lower
toxic effect towards red blood cells. This is because a concentration of isoquercitrin
at 80 ug/ml is required to induce hemolysis of 16% of blood cells compared to only
20 ug/ml of concentrated amphotericin for the same toxicity. Moreover, an

amphotericin B concentration at 80 ug/ml will cause 100% hemolysis.



Cancer

Cancer is the number one cause of death of people around the world.
Based on the World Health Organization (WHO)’s information in 2015, there were a
total of 8.8 million deaths from cancer, which was more than the total number of
deaths from AIDS, tuberculosis, and malaria. The top five types of cancer that cause
death in the world are lung cancer (1.69 million people), liver cancer (788,000
people), colorectal cancer (754,000 people), and breast cancer (571,000 people). In
Thailand, the statistics of new cancer patients from the National Cancer Institute of
the 15 Hospital-based Cancer Registry of Thailand for the years 2010-2012 (Cancer in
Thailand Vol VIII, 2010-2015) demonstrated that the top five types of cancer found in
Thai males were liver cancer, lung cancer, colorectal cancer, prostate cancer, and
leukemia whereas for Thai females, they were breast cancer, cervical cancer, liver
cancer, colorectal cancer, and lung cancer. According to the report of the Strategy
and Planning Division in 2011, the death toll resulting from cancer in Thailand was
approximately 61,082, which comprised 35,437 males and 25,645 females. This is
recarded as the major reason for deaths and the number has tended to increase. For
Thai males, the top five cancer mortality diagnoses were liver cancer, lung cancer,
colorectal cancer, oral and oropharyngeal cancers, and leukemia. For Thai females,
the top five cancers cancer mortality diagnoses were liver cancer, lung cancer, breast

cancer, and cervical cancer, and colorectal cancer. (figure 5-6)
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Figure 5. Incident type of cancers in Thailand men. (years 2010-2015,ratio 1:100,000)
(http://publine xiahepublishing.com/journals/10.14218/JCTH.2015.00025.pdf)
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Figure 6. Incident type of cancers in Thailand women. (years 2010-2015,ratio
1:100,000)
(http://publine xiahepublishing.com/journals/10.14218/JCTH.2015.00025.pdf)

All cancers begin in cells. Our bodies have more than 100,000,000,000 (one
hundred million million) cells. Sometimes cells lose the capacity to produce or
understand signals that control cell growth. If any of these signals are lost or missing
or faulty, then uncontrollable growth can occur. Cells may then start to grow and
multiply too much and form a lump called a tumor. A primary tumor is where the
cancer starts. Some cancers are called leukemias or lymphomas as they start in the
blood and the lymphglands respectively. Others start in the bone marrow.
Sometimes solid tumors are formed. Tumors may grow and spread to the other
organs while the benign one will grow but not spread to other areas. The ability to
spread to other tissues in the body could occur to be one way or another; for
example, growing directly to nearby tissues or moving to cells that are further away

from the tumor.
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Figure 7. Hallmark of cancer
(https://www.cell.com/action/showPdf?pii=50092-86749%28119%2900127-9)

Furthermore, the tumor can grow and disturb the operation of other systems
in the body; such as, the digestive system, nervous system, and circulatory system. In
addition, it can release hormones that change the normal functions, thus, resulting in
causing damage to the body. The mechanism of cancer stems from the change of
normal cells to be cancerous. There are various reasons for this change: heredity of
certain genes that are associated with cancer, random mutations or gene
rearrangements and chemical inductions; such as, polycyclic aromatic hydrocarbons
(PAHs) and an aromatic amine. Moreover, there are physical factors; such as, rays
from infection of oncogenic viruses, which can be divided into DNA and RNA viruses.
Behavioral factors such as smoking, obesity and lack of exercise are important
contributors of cancer risk.


https://www.cell.com/action/showPdf?pii=S0092-8674%2811%2900127-9
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Figure 8. Anatomy of the female Breast

(https://nbcf.org.au/about-national-breast-cancer-foundation/about-breast-

cancer/what-you-need-to-know/breast-anatomy-cancer-starts/)

The breast is composed of alveolar and duct forming lobes. Each lobe is
separated from each other, as the connective tissue blocks them while the septum is
composed of veins, lacteals, and nerves. Each lobe can be divided into 20-30
lobules, and a lobule contains a lactiferous duct that branches out as a small
ductile. The tip of the ductile is inflated, which is called alveoli. However, each lobe
contains 10-100 alveoli (figure8). Inside the alveolus, there are two layers of cells.
The inner layer is alveolar cells that have the duty to produce milk when it has been
alerted by the prolactin hormone. The outer layer is the myoepithelial cells, which
are muscle cells circling the alveolus and easing themselves to let the milk flow
inside the tube after being stimulated by the oxytocin hormones. The milk produced
inside the alveolar cells will be collected in the alveoli. When the myoepithelial
cells shrink and squeeze the milk to flow on the ductile, and it will be collected at
the lactiferous duct, which will be opened at the tilt. The ducts passing under the
inflated tilt are called the lactiferous sinus, and the milk is collected there. The tube
will be minimized and will wait for the tilt to open the exit. There are 15-20 ducts

that connect to the exit.


https://nbcf.org.au/about-national-breast-cancer-foundation/about-breast-cancer/what-you-need-to-know/breast-anatomy-cancer-starts/
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Breast cancer

This cancer originates from the abnormal distribution of cells in the breast,
which usually occurs in the ducts and tissues of the alveolar. Cancer cells will spread
to other tissues or other parts of the body starting from the nearby lymph nodes
before entering other organs; for example, the heart, bones, brain, and lung. The
process of cancer begins from the mutation and over division of cells then the cells
overgrow and cause the abnormality of the cells’ division. Risk factors relating to
breast cancer such as aged over 50, health history indicates that the patients used to
have breast cancer in one of the breasts, in member of the family had breast cancer,
mutation of the gene BRCA1 or BRCA2 related to the increase of risk of breast cancer

or receive estrogen hormones.
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Figure 9. Anatomy of liver organ

(https://www.webmd.com/cancer/ss/slideshow-liver-cancer-guide)

The liver is the largest organ of the body which is located under the
bottom right ribs or under the right lung. The shape of the liver is similar to a
pyramid, and it is divided into the left side and right side. The liver receives blood
from two sources that are the hepatic artery delivering oxygen to it, and the portal

vein that delivers nutrients from the intestines.

Liver cancer

This type of cancer grows in liver cells and is also called primary liver
cancer, which can be divide into three types. The title comes from the type of
development.

1. Hepatocellular carcinoma (HCCQ): This type of liver cancer has been mostly
found due to the fact that the cancer cells originate in the hepatocytes. The types of
growth are various. Some cells spread by invading the liver. Some start from one cell
and spread to other parts of the liver until developing to the disease.

2. Bile duct cancer: This type stems from the bile in the liver. As the bile is a
small thin tube, cancer can spread through the gall bladder and small intestine.

3. Angiosarcomas: This type begins from the endothelial cell at the liver and
grows rapidly.

Other cancers that start at other organs and spread to the liver will be

called secondary (metastatic) liver cancer, which is more predominant than primary


https://www.webmd.com/cancer/ss/slideshow-liver-cancer-guide
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liver cancer, as the cancer comes from the intestines, anus, lung, and breast
spreading to the liver. The characteristics of the cancer cells depend on its origin.

The major risk to liver cancer is chronic hepatitis B virus infection, which
multiples the risk to Hepatocellular Carcinoma from five to 98-fold compared to
those people who have never been infected. The other factors that result in the
disease are the cell distribution of the hepatitis B Virus (HBeAg), liver function test;
alanine aminotransferase test (ALT), age, gender, history of alcohol consumption,
consumption of food with aflatoxin, family members having Hepatocellular
Carcinoma, and hepatitis B virus infection in the blood (HBV DNA), including other
infections associated with hepatitis B virus; for example, Hepatitis C, Hepatitis D, and
HIV infection.
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Figure 10 Anatomy of uterus and cervical

(https://courses.lumenlearning.com/boundless-ap/chapter/the-female-reproductive-

system/)

The uterus is an organ that is composed of muscles as its thick wall. The
organ is the location for raising a baby during pregnancy. Its length is 7.62 cm and the
shape is similar to a pear or rose apple with a diameter of around 6.35-7.62 cm; the

top is a diameter of 2.54 cm. During pregnancy, the uterus will expand. It consists of


https://courses.lumenlearning.com/boundless-ap/chapter/the-female-reproductive-system/
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two parts: the body and cervix, and the joint of the two parts is called the isthmus.
The cervix is a lower part of uterus usually 2-3 cm long. The cervical canal is a
passage through which sperm after sexual intercourse. Anatomy of cervical canal is a
line with single layer of column epithelial cell. Infection with human papillomavirus

can cause change morphology of epithelial, which lead to cancer of the cervix.

Cervical cancer

Cervical cancer is a type of cancer that occurs at the uterine cervix. It stems
from the abnormality of cell growth spreading to nearby tissues. At first, there are no
signs. The frequent symptom found is unusual bleeding, pelvic pain, or pain during
sexual intercourse, but sometimes there is no sign until the cancer invades many
areas. Most treatments require surgery in the initial stage and use
chemotherapy/radiation in a later stage.

The causes of cervical cancer consist of many factors; for example, sexual
intercourse at a young age, having many children, and have a medical history of
venereal disease. From the statistics and research, cervical cancer is associated with
70% of the cases of (HPV),
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Figure 11. Angiogenesis

(https://peoplebeatingcancer.org/toxicnon-toxic-anti-angiogenesis-drugs-and-cancer/)
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Angiogenesis is the process of growing new blood vessels in the body.
Normally, angiogenesis will occur when the body needs a new capillary in the area
that lacks it, in an injured area to replace a lost one, or when the body needs it in
special circumstances. The process is stimulated by a growth factor such as vascular
endothelial growth factor (VEGF). This growth factor will divide the existing blood
vessels into new ones to carry nutrients in order to nurture the cells. In the cancer
cells, angiogenesis can often be specifically found because the mechanism of
cancers is cell division, resulting in an increased need for nutrients. Moreover, it
requires the circulatory system to eliminate waste resulting from the metabolism in
the cells. As was found, the cancer cells create more VEGF when there is a lack of
cancer cells with a diameter of more than 2 mmz. The result is that, after the release
of the growth factor, the blood vessels will nurture the cancer cells more.
Frequently, the cancer cells can diffuse to other organs through the blood circulation
system when there are the vessels that nurture the cancer tumour. In consequence,
the other approach of cancer treatment is to resist the angiogenesis by cutting off
the transport of nutrients to the cancer cells and delay their growth. Additionally,
this method reduces the chance of diffusion to other organs. The resistance methods
are, for example, the use of antibodies to block the growth factor such as VEGF in
order to avoid stimulating the creation of new blood vessels, the use of medications
such as Bevacizumab (Avastin®) and Sunitinib (Sutent®), or the development of

substances that can reduce VEGF in the cancer cells by using flavonoids.

Micelle

The micelle is a nanoparticle of the amphiphilic molecule in the aqueous
solution, which consists of two parts. In water, the outer part is always in contact
with the solvent while the other part creates the hydraulic tails in the interior. The
amphiphilic molecule is a single particle with its surface facing water and air. When
adding the amphiphilic molecule in water at a concentration level, it is called a
critical micelle concentration (CMC) that makes the molecules form into shapes. The
concentration of the micelle depends on two factors, which are the CMC and
temperature. The size and shape of a micelle depend on the type of compound and

the concentration. Furthermore, the micelle’s part that is attached to water will
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cause hollows on the interior while the part that dislikes water will be the outer
shell, which is called an inverse micelle.

The amphiphilic molecule is mostly used to reduce surface tension and
polymer. The surfactants can be divided into four types, which are anionic:
carboxylates, sulfonates, and sulfates; cationic head groups: amines, quaternary
ammonium halide, and pyridine groups; nonionic: polysorbates and sorbitan, and
zwitterionic surfactants: lectins and cephalins.

Polymeric micelles are amphiphilic block copolymers. These polymers can
carry their self (self-assembly) when using the suitable medium and the
concentration is more intense than the CMC. The amphiphilic molecules are
spontaneously self-assembled into supramolecular core/shell structures, and water
insoluble drugs can be loaded into the hydrophobic cores. Most of them are circular
particles with a size of 10-100 nanometers. When comparing micelles from polymers
and micelles from a surfactant, it was found that the polymeric micelles had greater

thermodynamic and kinetic durability than the micelles from the surfactants.
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Figure 12. Micelle structure.
(https://www.researchgate.net/publication/262055716 Multifunctional polymeric_mic

elles for delivery of drugs and siRNA)

The ability of the polymeric micelles relates to the solubility of the
medicine due to the interaction of the water insoluble part. Apart from the ability to
increase the solubility of medicine, the use of amphiphilic block copolymers will
enhance the consistency of medicine in blood that affects the efficiency of the
treatment. Generally, polymeric micelles have the appropriate size to avoid the
excretion system in the body (>50kDa), and they can penetrate the cell’s wall (<200
nm). The selected polymeric in the preparation of polymeric micelles should have
degradability to the body’s tissues. It is mostly applied to prepare polymeric
micelles, both block copolymer (di, tri, or tetra) and graph copolymer, which have a

hydrophilic segment and water insoluble part. It is composed of a major polymer;
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such as, lines and connecting polymer. For the hydrophilic segment, there is
polyethylene glycol (PEG), poly (N-vinyl-2-pyrrolidone (PVP), poly (ethylene oxide)
(PEO), polyelectrolyte, and chitosan. For the water insoluble segment, there is poly
(L-amino acid): poly(L-aspartate) and poly(L-glutamate); polyester group: poly
(glycolic acid), poly (D-lactic acid), poly (D, L-lactic acid), a copolymer of
lactide/glycolide, and poly- ¥ -caprolactone.

Table 3. Sample of block copolymers used to prepare polymeric micelles

Type of polymer Structure example
Block co polymer AAAAAABBBBBB Poly(styrene)-b-poly(ethylene
(di-block copolymer)  oxide)
AAAABBBBAAAA  Poly(ethylene)-b-
(tri-block copolymer)  poly(propylene oxide) b-

poly(ethylene)
Graft co polymer AAAAAAAAAAAAA M-phthaloylchitosan-g-
B B polycarpolacton
B B
B B

A= Hydrophillic unit;B=hydrophobic unit

Preparation of a polymeric micelle

1. Direct dissolution
For dissolving polymer and medicine in the solution, this method needs a soluble
polymer and medicine. The medicine’s molecule will aggregate and be entrapped in
the micelles due to the temperature and mixture force. However, the disadvantage is

the micelle can entrap medicine in a small proportion.

2. Dialysis
The preparation requires mixing the polymer in the solution. The selected solution
must be soluble to medicine and polymer, then mix the medicine and polymer in
the dialysis package and dip the solution for the hydrophilic segment of the polymer
to dissolve the organic substance in the package. When the organic substance exits
the dialysis package, the water will be replaced while the micelles will carry the

medicine.
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3. Thin film hydration
This method is suitable for a copolymer that is able to be slightly dissolved in water.
This preparation will mix polymer in the organic solution and wait for the
evaporation to produce a thin film. Then water and sound waves are added to
reduce the size and produce the micelles. The advantage is it can entrap medicines

in large quantities, but the disadvantage is using it with only a low HLB polymer.

4. Freeze-drying
Medicine and polymer are dissolved in the solution that is mixed with water and an
organic solution; such as, water/tert-butanol then the water is evaporated until
receiving the powdered mixture of water and polymer. The production of the
micelles is after adding the water or buffer in the powdered medicine; however, one

problem is the organic solvent remains in the powder.

5. Microphase separation
Medicine and polymer are dissolved in a volatile water-miscible solvent; such as,
tetrahydrofuran (THF). The solvent is placed drop by drop in the water under the
magnetic stirring machine whereby the micelles will be formed. Pressure will be used

to evaporate the organic solvent. The problem is the organic solution may remain.

6. Oil in water emulsion
Organic-water solvent; such as, dichloromethane or chloroform are added in the
water that contains the copolymer. Then, it is stirred slowly until causing the
emulsion solvent. After evaporation, the products will be the micelles. The problem
of this solvent is evaporation. Mix the medicine and polymer in the organic solution
or the mixture of the organic solvent before rapidly adding water. Evaporate the

organic solution slowly for two to 24 hours until it produces micelles.
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Figure 13. Poloxamer structure formula.

Nonproprietary Names

BP: Poloxamers

PhEur: Poloxamers

USP-NF: Poloxamer

Synonyms

Lutrol; Monolan; Pluronic; poloxalkol; poloxamera; polyethylene—propylene glycol
copolymer; polyoxyethylene—polyoxypropylene copolymer; Supronic; Synperonic
Chemical Name and CAS Registry Number a-Hydro-o-hydroxypoly(oxyethylene)
poly(oxypropylene) poly-(oxyethylene) block copolymer [9003-11-6]

Simple formula: HO(C2H40) a(C3H60) b(C2H40)

Table 4. Types of poloxamer.

Poloxamer Physical form a b Average molecule
weight

poloxamer Liquid 12 20 2090-2360
124

poloxamer Solid 80 27 7680-9510
188

poloxamer Solid 64 37 6840-8830
237

poloxamer Solid 141 aa 12700-17400
338

poloxamer Solid 101 56 9840-14600
a07




Pharmaceutical benefits

22

Poloxamers are polyoxyethylene—-polyoxypropylene nonionic copolymers.

They contain two segments, which are the polyoxyethylene hydraulic segment and

polyoxypropylene non-hydraulic segment. The entire structure is similar, but the

difference is the molecular mass.

Table 5. Solubility of poloxamer in a different solvents at 20 °C.

Solubility at 20 °C for various types of poloxamer in different solvents.

Type Solvent
Ethanol Propan-2-ol | Propylene Water Xylene
95% glycol

poloxamer Freely Freely Freely Freely Freely
124 soluble soluble soluble soluble soluble

poloxamer Freely - - Freely -
188 soluble soluble

poloxamer Freely Sparingly - Freely Sparingly
237 soluble soluble soluble soluble

poloxamer Freely 3 Sparingly Freely -
338 soluble soluble soluble

poloxamer Freely Freely - Freely -
407 soluble soluble soluble

Poloxamer 407

lts composition includes ethylene oxide (EO) and propylene oxide (PO). The
arrangement of the polymer is a triblock (EO x -PO y -EO x). The formula is as
follows: HO[CH2-CH20O] X[CH(CH3)-CH20] y [CH2-CH20] x OH. Nowadays, the
registered trademark is called Pluronic F127® (BASF laboratories, Wyandotte, USA)
and Synperonic F127® (ICl laboratories, Wilton, UK). The mass of molecules is
approximately 9,840 - 14,600 kDa. The Foods and Drugs Organization (FDA) of the
USA suggests using the pharmaceutical products type IV, inhalation, oral solution,

suspension, ophthalmic, and topical formulations.

The solution of poloxamer 407 has the ability as a gel that can transform
into a to liquid when receiving heat (thermoreversible). It will melt when the
temperature rises and changes its status as a compound called sol-gel transition

temperature. In other words, if the surrounding temperature is higher than the
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solution, it will change to a liquid gel, but if the temperature is lower, the substance
will return to its original form. Thus, the mechanism depends on the temperature.
When the temperature continues to increase, polypropylene oxide will turn to the
non-polar side and polyethylene oxide will turn to the polar side and become a gel.

The shape of the micelles depends on the solution used (figure14).

PO block
/ T increase T T increase
—
/ micellization ‘%_ gelation
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Figure 14. Thermoreversible property of poloxamer 407.

Due to its aforementioned qualifications, various usages exist; example, in
the medical industry; as a degradable polymer that attaches to the body’s tissues, it
is not toxic and can be eliminated from the body. On the other hand, a report found
that poloxamer 407 may interact with other compounds; such as, solvents and other

polymers. Therefore, it always requires caution in usage.

Pharmaceutical benefits
Antitumor drugs delivery

Poloxamer block copolymers for overcoming drug resistance in cancer were
studied where a compound mixed with poloxamer 407and D-O-Tocopheryl
polyethylene glycol 1000 succinate (TPGS) was used to produce micelles as a means
to boost the efficiency of the treatment by increasing the concentration of medicine
to the cancer cells and resisting P-glycoprotein(P-gp) (Kabanov,Batrakova and
Alakhov, 2002). Explained the new method in applying Pluronics® in the treatment
of multidrug-resistant cancer, and they discovered that Pluronics® was able to
interact with multidrug-resistant cancer. The cancer cell would be severely allergic
owing to the compounds of the anticancer medicine, especially anthracycline
antibiotics.

Amiji et al. (Amiji et al.,, 2002) examined the intratumoral administration of

paclitaxel in an in situ gelling poloxamer 407 formulation and reported significant
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enhancement in the anti-tumor efficacy. The initial tumor growth rate was delayed
by 67% and the tumor volume doubling time was increased by 72% relative to
saline control. In addition, more than 91% of the tumor-bearing animals that
received paclitaxel in poloxamer 407 gel survived on day 15 post-administration as
compared to 58% in the control group. The results of this study show significant
benefit of paclitaxel for solid tumor when administered locally in an in situ gelling
poloxamer 407 formulation. Moreover, they demonstrated that Poloxamer 407
solution undergoes a reversible sol-gel transition when the temperature is raised to
above 21°C. In vitro paclitaxel release from poloxamer 407 gels was very slow (only
6.1% after 6 hr) probably due to the poor aqueous solubility of the drug. In another
report, enhanced in vitro cytotoxicity and anti-tumor activity of vorinostat-loaded
poloxamer micelles with prolonged release and reduced hepatic and renal toxicities
were reported (Mohamed et al,, 2017). In other studies, Pluronic® mixed micelles
were efficient nanocarriers for benzoporphyrin derivatives applied to photodynamic
therapy in cancer cells (Pellosi et al., 2016), while others used targeted Pluronic®
P123/F127 mixed micelles (PMM) delivering niclosamide (NCL) as a repositioning
strategy to treat multidrug resistant non-small lung cancer cell lines (Russo et al,,
2016).



CHAPTER 1lI
MATERIALS AND METHODS

Materials

1. Standard material
- Isoquercitrin (90%), Lot.no BCBT7495, Sigma.
- Quercetrin (95%), Lot.no STBHO46, Sigma.
- Rutin (94%), Lot.no BCBV4040, Sigma.
- Gallic acid (97.5%), Lot.no SLB4564, Sigma.
- Glucose (98%), Lot.no MO13176, Sigma.
- Cisplatin, Lot.no LRAA8271, Sigma.
- Caffeine, Lot.no 061M0052V, Sigma.

2. Cell culture reagent
- Dulbecco's Modified Eagle Medium (DMEM), Biowest, Franch.
- Roswell Park Memorial Institute (RPMI) 1640, Biowest, Franch.
- Fetal bovine serum (FBS), Gibco, Thermofisher, US.
- Glutamax,Gibco, Thermofisher, US.
- Antibiotic-antimycotic, Gibco, Thermofisher, US.
- Trypsin, Gibco, Thermofisher, US.
- Prestoblue reagent, Thermofisher, US.
- Matrigel matrix: Lot.no 7121011, corning.
- Crystal violet biological stain, Lot.no MKCB9878, Sigma.
- Dimethyk sulfoxide (DMSO), Lot.no 1596C189, Armesco.
- AnexinV-TAAD cocktail, Lot.no 3045559, Merck Millipore.
- VEGF Elisa kit, Lot.no GR3197296-1, Abcam.

3. Chemical reagent
- Folin-Ciocalteu reagent, OC546658, Merck millipore.
- Poloxamer 407 suitable for cell culture Lot.no. SLBM9355V, Sigma.
- DPPH: Lot.no 3041739, Merck millipore.
- ABTS: Lot.no 3118667, Merck millipore.
- Acetonitrile HPLC grade, Honey well.
- Methanol HPLC grade, Honey well.

- Hexane AR grade, Honey well.
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- Dichloromethane HPLC grade, Honey well.
- 95%ethanol.
- NaOH.
- Ferric chloride, Lot.no BCBP2118V, Sigma.
- Hydrochloric acid, Lot.no MMBB4057, Honey well.
- A naphthol blue.
- Gelatin, Lot.no 56H0130, Sigma.
- 90% Phenol Merck Millipore.
- Aluminium chloride, Lot.no 1854491, Fisher scientific.
- Sodium carbonate, Lot.no A1017792626, Merck millipore.
- Potassium acetate.
- Acetic acid.
- Potassium persulfate, Lot.no BCB0478V, Sigma.
4. Analytical instrument
- HPLC shimadzu, Diode array detector SPD-M20A, Auto sampler SIL-20A HT,
Communication CBM-20Alite, Column oven CTO-10AS VP, Degassing Unit
DGU-20A 5R,
Liquid Chromatography LC-20A.
- HPLC column C18, Length 250mm, particle size 5um, Kinetex, Phenomenex.
- Fourier transform infared (FTIR), Thermo scientific, Nicolet iS5, US.
- Freeze dryer: LCC-1-7382020, Labconco, US.
- Microplate reader, cariostar, BMG Labtech, Germany.
- Flow cytometry, Guava easycyte HT system, Merck Millipore.
- UV visible spectrophotometry, U-2900, Hitachi, Japan.
- Inverted microscope, Olympus IX51, Japan.
- Dunouy ring tensiometer, Kriss, Germany.
- Differential scanning calorimeter, Model DSC 822e, Mettler Toledo,,
Germany.
- Photon correlation spectrometer (Zetasizer Nano ZS), Malvern Instruments,
UK.
- 24-well plate, 96 well plate, corning, US.

- 8.0 um 24-well cell culture insert, Falcon, US.
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Method

1. Extraction of Okra seed

Okra pods were purchased from the Pathom Mongkol market in Nakhon Pathom
province, Thailand. The seeds were separated from its fruit before maceration with
95% ethanol for 24 hrs. before filtering through Whatman No. 4 filter paper. The
extracted solution was evaporated by solvent evaporator at 50 oC and then
lyophilization until it was dry. The dry Okra seed extract was stored at -200C and
protect from light. Isoquercitrin content was determined in the extract every 6

months.

2. Separation of Okra seed extraction

The separation was carried out using liquid partitioning method. The compounds in
the extract become separated by their polarity into three groups; non-polar, semi-
polar and polar group.

Group 1: OSE-Hex, The Okra seed extract (OSE) was partitioned with
hexane:ethanol:water in ratio 50:45:5. The hexane layer was evaporated and
lyophilized to collect the non-polar faction.

Group 2: OSE-DCM, the ethanol layer was further partitioned with
dichloromethane:ethanol:water in ratio 50:30:20. The dichloromethane layer was
evaporated and lyophilized to collect the semi-polar fraction.

Group 3: OSE-EtOH, the ethanol from OSE-DCM was evaporated and
lyophilized to collect the polar fraction.

3. Basic phytochemical composition test

To study basic phytochemical compositions of the crude and all of the extract
fractions (crude, OSE-Hex, OSE-DCM, and OSE-EtOH), the following tests were
conducted to find compounds such as phenolic, flavonoid, glycoside, alkaloid,

tannin, and saponin.

3.1 Ferric chloride test

To test a phenolic compound; for examples, flavonoid, tannin, and coumarin;
the chemical reaction between phenolic group and ferric chloride produces a
complex compound which leads to a dark-blue precipitate. The method is to add
one-two drops of the ferric chloride reagent in the tube containing the extract. If the

extract contains a phenolic compound, it will cause a dark-blue or black precipitate.
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3.2 Shinoda test

The reaction to test the structure of the gamma-benzopyrone ring of the
flavonoid with the reduction reaction of magnesium and HCl showed a positive
change regarding the color of the flavonoid compound changing to red or reddish-
purple. The extract was dissolved in 95% of ethanol and 2 ml of the dissolved

extract was added in the magnesium ribbon.

3.3 Sodium hydroxide test
The sample extract was dropped on the filter paper two to three times. In
decreasing 10% of NaOH, the flavonoid would change to yellow Halcon, and under

the wavelength of 365 nm, green, blue and yellow fluorescence could be seen.

3.4 Molisch test

To examine if the extract is composed of glycosides or not, the test checked
glycosides that links to the structure. A positive result demonstrates a ring around
the joints with HCI, but when the quantity of the slycoside is high, the sulfuric layer
should become be entirely purple. The extract was dissolved in 95% of ethanol and
used only 2 ml of the dissolved extract. Five percent of A naphthol blue was
dropped four-five times and shaken to mix them. Then 1-2 ml of the intensive
sulfuric solvent was added to the laboratory tube, and the change between the

liquid layers could be seen.

3.5 Gelatin solution test

This test examines the presence of tannins, a non-crystallized substance
displaying colloidal dispersion. The gelatin could produce a complex compound with
tannin and cause precipitation without solubility. Two percent of gelatin solution was

added two to three times on the sample extract to see if it would precipitate.

3.6 Dragendorff’s test

Alkaloids are organic compounds, where their its base effect stems from the
nitrogen that stays in the molecules. Alkaloids can be precipitated in some agents;
such as, Dragendorff’s reagent. Dragendorff’s reagent was dropped on the extract. In

the presence of an alkaloid, a reddish-brown precipitation will persist.



29

3.7 Foam test

Saponin is a substance that produces bubbles with the shape of an hexagon
connsistently. Saponin toxicity will cause hemolysis. The foam test starts by shaking
the extract with water. If saponin is present, stable hexagonal shape bubbles will

appear.

4. Characterization of the Okra seed extract
4.1 Thin layer chromatography

The Okra seed extract and the standard were marked on the thin layer
chromatography (TLC) using the mobile phase (ethyl acetate: methanol: formic acid;
7:2.5:0.5) to make a segment then the reagent was sprayed on the extract. It was
then examined under UV wavelengths of 254 nm and 365 nm to confirm the

fingerprint of the extract.

Prepared as follows:
4.1.1. NP/PEG reagent spray
Prepare the 1% diphenylboryloxyethylamine (NP) in methanol and the
5% PEG 4000 in ethanol, then spray TLC with the NP reagent and then spray with the

PEG reagent to increase sensitivity.

4.1.2. Ferric chloride reagent
Prepare the 5% ferric chlorides in ethanol, and then spray this on TLC

to detect the substance in the phenolic compounds.

4.1.3. Aluminium chloride reagent
Spray the 1% aluminium chloride (AlCl3) on TLC to detect the

flavonoid compounds under the wavelength of 366 nm

4.1.4. DPPH spray reagent
Dissolve DPPH in methanol until the concentration is 0.2%, then spray it
on TLC. With the extract that contains antioxidant, a white circle around the

substance will appear under the visible light.
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4.2 High performance liquid chromatography
HPLC-DAD was used to analyze isoquercitrin content in the Okra seed
extract(Seal, 2016). The analysis was carried out with HPLC column 250 mm (Kinetex)
and gradient injection using the mobile phase of 1% of acetic acid (solvent A):
acetonitrile (solvent B), flow rate 0.7 mU/min at wavelength 353 nm; Linearity,
accuracy, limit of detection (LOD), and limit of quantification (LOQ) were applied to
ensure the validity of the analysis method

Table 6. Gradient condition for HPLC analysis of the Okra seed extract.

Time(min) Pump A: 1%Acetic acid Pump B: Acetonitrile
0 90 10
28 60 40
39 a0 60
50 10 90
55 90 10

4.3 Fourier transform infrared spectroscopy
The reason for using the Fourier transform infrared spectroscopy (FTIR) was
our substance’s glutinous nature The ATR probe is applied to test the IR spectrum as
one of the general quality controls of the extract in accordance with pharmacopeia
standards, using the IR spectrum fingerprint to resist the other extracts in order to

receive the same type of substance at a wavelength between 500 to 4,000 cm-1.

4.4 Differential scanning calorimetry

The thermal properties of the extract was determined by differential scanning
calorimetry (DSC). The DSC scans of the Okra seed extract using an empty aluminum
pan served as reference. Dry nitrogen gas was used as the purge gas through a DSC

cell at a flow rate of 40 ml/min and heated at a rate of 10 “K/min from -10 to 300°C.

5. Quantitative analysis of the phytochemical composition
5.1 Total phenolic content
Total phenolic contents (TP) in different seed extracts of Okra seeds were
determined using a modified Folin-Ciocalteau (FC) colorimetric method (Stankovic,
2011, Fernandes et al., 2017, Mendez-Lagunas et al., 2017). In short, 25 ul of the

extract was mixed with 75 pl deionized water in 96 well-plates, then 1:1 FC reagent
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was added and incubated in the dark for 6 minutes. Following this, 100 pl of 7.5%
Na2CO3 was added and the solution was incubated in the dark for another 90 min.
The phenolic content is then measured using a microplate reader at 765 nm
wavelength carried out using a standard solution of gallic acid, reported as gallic acid

equivalents (GAE)/gram dry weight extract.

5.2. Total flavonoid content
The test uses the A1C15 reaction with the ketone (C-4) at ring C and -OH
group, or C-5 at the ring (Stankovic et al.,, 2011, Sharma et al., 2015)

OH

Figure 15. Complex reaction between flavonoid and aluminum salt.

The total flavonoid content (TF) was determined spectro-photometrically. A sample
extract of 20 ul was mixed with 60 ul ethanol in 96 well-plates. Then, 4 ul of 10%
AlCI3 and 4 ul of 1M potassium acetate were added with 112 ul deionized water.
The solution was incubated in the dark for 45 minutes. The total flavonoid content
was measured afterwards using a microplate reader at 415 nm wavelength. A
calibration curve is prepared using a standard solution of quercetin, reported as

quercetin equivalents (QE)/gram dry weight extract.

5.3. Total sugar content
The total polysaccharide (TPS) content was determined with phenol-sulfuric
acid method modified from the method of Masuko et al. (Masuko et al., 2005) . In
brief, 600 ul of extract were mixed with 100 ul of 5% phenol solution. Then, 3 ml of
concentrated sulfuric was added and left for 10 minutes. Following this step, the
solution was shaken well and left for 30 minutes. The TPS content was measured
using UV-spectrophotometry at 490 nm wavelength compared with a standard curve

obtained from the glucose standard.



32

HO o )
o R
HO am0 MO %
OH OH 0]

D-glucose 5-(hydroxymethylfurfural

OH
OH HO $ ‘
0
0]
490 nm

3H,0
5-(hydroxymethyl)furfural

OH

Figure 16. Chemical reaction of phenol-sulfuric assay

5.4 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay

The assay is initiated with the preparation of the 0.1 mM DPPH solution.
Proceed by dissolving 1.97 mg of DPPH in 50 ml methanol, then test the
antioxidation by using a pipette. Add 100 ul of the sample solution into 96 well
plates and add DPPH to the 100 ul. Incubate in the darkness for 30 minutes at room
temperature before testing with the microplate reader with a wavelength of 520 nm.
If the extract contains antioxidation, the purple colour will change to yellow.
(AbSCOntrol_Abssample

%Inhibition was calculated following the equation =
AbScontrol

5.5 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) assay

Prepare the 14 mM ABTS solution by dissolving exactly 360.23 mg of ABTS in
the water and adjust the volume until 50 ml. Dissolve potassium persulfate 66.23 mg
in water and adjust the volume until it reaches 50 ml in order to prepare the
potassium persulfate solution with the concentration 4.9 mM. Mix the two solutions
at the ratio of 1:1, then incubate under the darkness for 16 hours until it produces
the ABTS radicals when the solution becomes green. Dilute the solution with
methanol at the ratio of 1:50. Measure the absorbance to determine if it remains at
0.1 - 0.7. After determining the concentration of the ABTS" solution, add 100 ul of
the seed extract into 96 well plates, then add 100 ul of the ABTS " solution before
incubating for 6 minutes at room temperature. Then, use the microplate reader with
a wavelength of 734 nm to determine antioxidation activity.
(AbSControl_Astample)

AbScontrol

%Inhibition was calculated following the equation =
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6. In vitro study
6.1 Cell culture study

The cancer cells were cultured under a temperature of 37°C and 5% CO,.
The culture medium was changed every three days and typsinized with 0.25% trypsin
and 0.04% EDTA solution.

Breast cancer cells (MCF-7), were cultured using DMEM culture medium, 10%
of fetal bovine serum, 1% of antibiotic-antimycotic, 1% glutamax.

Hepatocellular carcinoma (HepG2) cells, were cultured using RPMI1640culture
medium, 10% of fetal bovine serum, 1% of antibiotic-antimycotic, 1% glutamax.

Cervical cancer (Hela) cells, were cultured using DMEM culture medium, 10%
of fetal bovine serum, 1% of antibiotic-antimycotic.

Human keratinocytes, were cultured using DMEM culture medium, 10% of

fetal bovine serum, 1% of antibiotic-antimycotic.

6.2 Anticancer activity

All of the extract fractions (OSE-Hex, OSE-DCM and OSE-EtOH) and crude extract
would be tested for their anticancer effect at different concentration levels in order
to evaluate which composition was most active.. Cisplatin was used as the positive
control, and analyzed with the PrestoBlue assay. When resazurin penetrates a living
cell, it will be changed by the enzyme’s reductase in the mitochondria and become
pink (resorufin) which is soluble outside the cell (Zhang,Du and Zhang, 2004, Wang et
al,, 2011).

The experiment can be summarized into two steps as follows:

6.2.1 Conduct the partition to divide the 100 mg of the Okra seed extract
(crude) before evaporation and lyophilization. In every fraction, add the cell culture
medium (final conc. 1% DMSO in medium) in equal quantities to test if any extract of
all fractions has the anticancer activity. Up t010,000 cells were seed in each well
plate and tested with the extract for24 and 48 hours, respectively. The anticancer
activity was compared for every fraction and the ones with the highest activities were
selected for further testing.



Table 7. Methodology for screening anticancer activity each fraction.
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Treatment Drying the Adjusting
Extracts the final
volume
Crude — > OSE-Hex _ Anticancer
test
E— OSE-DCM E— Anticancer
test
> OSE-EtOH —_— > Anticancer
test
Crude _S Anticancer
test
Control Anticancer
group test
(Blank)
Control - Anticancer
group test
(Cisplatin)

6.2.2 Study for the dose dependent for anticancer effect

The crude extract (OSE) and OSE-EtOH fraction containing the highest

activity from Section 6.2.1 were selected for further evaluation of the most

appropriate concentrations to exert the effect for the remaining experiments and

compared to pure isoquercitrin on 10,000 cells incubated for 48 hours.

Table 8. Methodology for anticancer screening.

Treatment

48 Hours

Okra seed extract (crude)

Anticancer test

OSE-EtOH

Anticancer test

Isoquercitrin

Anticancer test

Control group
(Blank)

Anticancer test

Control group
(Cisplatin)

Anticancer test
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6.3 Migration and invasion assay
6.3.1 Cellscratch assay

Cell scratch assay examines the resistance of a cancer cell’s movement
by using the crude from the fraction that contains the highest anticancer effect in
regard to Section 6.2. Cells at 1x104 were plated onto 24-well culture plates in
complete medium. When the cells had grown to a nearly confluent cell monolayer,
aa linear wound was made by scratching the center of well with a yellow pipette
tip(200ul) followed by washing with PBS. The monolayers were then incubated with
complete medium of different concentrations of the Okra seed extract at 37 °C for
24, 48 and 72 hours. The monolayers were photographed at 0 hours and 24 hours
after scratching using an inverted microscope (Olympus, Tokyo, Japan) to capture the
size of the scratch. The experiments were performed in triplicate for each treatment
group. (Li et al., 2012). The gap distance of the wound was measured using the Image

J program.

pipette tip

[N

Figure 17. Cells scratch assay.

6.3.2 Transwell invassion assay

This assay studies the movement resistance through small holes in a
vertical way. The Boyden chamber migration test was used to study for cell invasion.
The 8.0 um PET filters 24-well cell culture inserts (Falcon, USA) were coated with
Matrigel (Corning) and incubated for 1 h at 25 °C to form a thin layer on the filter
surface. The complete medium was added to the lower compartment of the
chamber. After that, the wells on the upper chamber were seeded with 2x10°
cell/well and okra seed extract was added at different concentrations ranging from
25 to 500 ug/ml in low (1%) FBS medium. After 48 hours, non-invasive cells were
wiped in the upper chamber using a cotton bud, lower and upper chamber were
washed three times with PBS pH 7.4, then fixed with 3% glutaraldehyde in PBS and
stained with 0.5% crystal violet in PBS. Later, the cells were lysed by using 10 %
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acetic acid and the quantity of cells was analyzed by using a micro-plate reader at a
wave length of 590 nm.(Li et al,, 2012, Xia et al., 2018)

growth medium
(e Jow seram)

! tissie
! culture
nsent

‘ 8
— 1 FOM-covered membrane
R Jag
—

growth medium (e.g. high serum)

Figure 18. Transwell invassion assay.

6.4 Cytokine assay

Cancer cells were seeded on 12-well plates and incubated for 24 h at 370C in
5% CO2. After that the old medium was washed and okra seed extract was added at
different concentrations ranging from 25 to 1,000 pg/ml in medium and incubated for
24 and 48 hours. After that, the supernatant was collected and centrifuged to
analyze the quantity of vascular endothelial growth factor (VEGF) by using a
sandwich Elisa (VEGF Elisa kit, Abcam, ab100662). The obtained supernatant was
placed in a 96-well plate kit according to the company protocol by adding 100 pl of
cell culture supernatant into appropriate wells. Cover Wells were covered and and
incubated for 2.5 hours at room temperature. The solution was discarded and
washed 4 times with 1X Wash Solution. 100 pyL of 1X Biotinylated VEGF Detection
Antibody was added to each well and incubated for 1 hour at room temperature
shaken gently. Then the solution was discarded and the wash was repeated 4 times
with 1X Wash Solution before adding 100 ul of 1X HRP-Streptavidin solution to each
well and incubating for 45 minutes at room temperature. The wash was repeated
another 4 times with 1X Wash Solution and 100 uyl of TMB One-Step Substrate
Reagent was added to each well and Incubated for 30 minutes at room temperature
in the dark. After that 50 pl of Stop Solution was added to each well. Finally VEGF
was analyzed by using the micro-plate reader at a wave length of 450 nm (Wang et
al,, 2017, Zang et al., 2017).

6.5 Apoptosis
The cells were cultured in a 6-well cell culture plate at a seeding density of
1x10° cells/well incubated for 24 hours at 37 "C in 5% CO, before treated with the

extract. The cells were cultured in a 6-well cell culture plate at a seeding density of
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1x10° cells/well. After the cells were treated with different doses of the Okra seed
extract for 48 h, the cells were trypsinized and a single cell suspension was prepared.
Then, the cells were stained using Anexin V and 7AAD (Guava Nexin Reagent, Merck
Millipore), which were then analyzed by flow cytometry (Guava, Merck Millipore)
(Wang and Zhan-Sheng, 2018, Zhang et al., 2018).

7. Preparation of the polymeric micelle particles loading the Okra seed extract
7.1 Preparation of the polymeric micelle particles

For the preparation of the polymeric micelle particles, the thin film hydration
technique (Jin et al., 2016, Tima et al,, 2017) was used where poloxamer 407 and
extract were dissolved in 10 ml of absolute ethanol. After that the solution was put
in a round bottom flask and placed in the solvent evaporator for dehydration at 50 o
C 100 rpm/min. When the film was dry, deionized water 10 ml was added to
produce the micelle particles. After that the micelles were reduced in size by 15-
minute sonication. Then, they were filtered through a 0.45 pm syringe filter to
eliminate the insoluble extract. The proportion between poloxamer 407 and the
Okra seed extract was then compared to select the best formula for the efficiency

testing.

7.2 Characterization of polymeric micelle
7.2.1 Physical evaluation
Evaluate the physical qualification of the particles, review the color,

precipitation, and isolation.

7.2.2 Evaluation of the size and ion on the surface of the particle
Use light scattering to measure the size and zeta-potential, using a

Malvern nanosizer to evaluate the particles.
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7.3 Entrapment efficiency
Assess the quantity of the extract entrapped in the micelle, use the UV-visible
spectrometer to analyze the total flavonoid. Bring the particles that were filtered
through the 0.45 membrane and add the organic solvent to dissolve the poloxamer
407 and release the entrapped extract. Measure the light absorption with the UV-
visible spectrometer at lambda 353 nm.

% Entrapment efficiency was calculated following the equation

(Amount extract in micelles—Amount free extract dissolve DI
Initial extract

)x100.

7.4 Anticancer activity of the Okra seed extract loaded in polymeric micelles
Select the best formula from the test data from Sections 7.2 and 7.3 for
consideration. Next, test the anticancer effect, the same way as in Sections 7.2 and
7.5 and compare the blank polymeric micelle and the extract that contain in the
polymeric micelles. The OSE loaded micelles and blank micelles were compared to
each other after dilution with cell culture medium to a concentration comparable
with Okra seed extracts of 500 ug/ml.

8. Stability test

Prepare the best formula of the polymeric micelles for the lyophilization process,
then store in a temperature of 40°C and 4°C for three months. After that, analyze the
drug content that remains and the size of the particles comparing to the first day

(day 0). Random test every month.

9. Statistics analysis
The whole data were demonstrated as mean values + standard deviation (SD),
and the statistics for the data analysis is one-way ANOVA and tukey multiple

comparison tests with reliability or O = 0.05.
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CHAPTER IV
RESULTS AND DISCUSSIONS

1. Preparation of extracts from Okra seed extract

When Okra seeds were macerated with ethanol for 24 hours the extract turned
transparent yellow. After solvent evaporation and lyophilization, the extract
becomes light yellow crystals. Its physical characteristics are a low melting point,
sticky at room temperature, and becomes solid at low temperature. The % Yield

crude extract after lyophilization is approximately 4.27 + 0.45 %.

Okra seeds Maceration Filltration ~ Evaporation and

lyophyllization

Figure 19 The Okra seed extraction process

The Okra seed extract that has been processed through partition were separated and
existed in the ethanol fraction without residue in the hexane and dichloromethane

fractions.
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The aim of the present study was to elucidate the phytochemical composition

of the Okra seed extract. Moreover, regarding the evaluation of isoquercitrin in the

Okra seed, we could not substantiate the presence of it in the hexane and

dichloromethane fractions as the partition process did not separate the extract into

these two fractions, as they did not contain any of it. For the ethanol fraction and

the crude Okra seed extract, using ferric chloride, we observed the same result, i.e. a

phenolic compound such as flavonoid or tannin, resulting in dark-blue precipitates as

shown in figure20.

Table 9. Phytochemical screening test

OH

OSE-Hex | OSE-DCM | OSE-EtOH | Okra seed
fraction fraction fraction extract
FeCl; test — Phenolic - - + +
Shinoda test - Flavonoids - - + +
Sodium hydroxide test - - - + +
Flavonoids
Molisch test - Glycosides - - + +
Dragendorff test - Alkaloids - - - -
Foam test — Saponins - - - -
Gelatine test — Tannins - - - -
OFeCl,
+ FeCl; —> T CIH2

Figure 20. Chemical reaction of ferric chloride and phenol group.

blue-violet
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In the same experiment, the crude OSE and the OSE ethanol fraction also
produced dark blue precipitate. The next experiment was to test for substances in
the flavonoid group. The experiment consisted of two methods: 1. The Shinoda Test
using the reduction mechanism of magnesium of a gamma-benzopyrone ring in the

flavone structure to produce a red compound (figure21).

Mg/HCI
e ——

Shinoda Test

anthocyanidin skeleton
orange to deep-red color

general flavone backbone
yellow color

Figure 21. Shinoda reaction.

In the experiment, it was found that only the crude and ethanol fraction
give positive results, which was confirmed by Sodium hydroxide test: after dropping
the 10% sodium hydroxide and the compound, change to dark yellow (figure22B).
Examined under the wavelength of 365 mm, the OSE and OSE ethanol will glow
(figure22C).

Figure 22. Sodium hydroxide test
(A: Before dropping sodium hydroxide, B: After dropping sodium hydroxide under
invisible light, C: After dropping sodium hydroxide under 365 nm; No. 1: Blank, 2:
OSE-Hex, 3: OSE-DCM, 4: OSE-EtOH, 5: OSE, 6: Quercetin)
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Our experiments confirmed the presence of flavonoid substances in the
Okra seed extract contains. This is in accordance with previous studies confirming the
presence of isoquercitrin, which belongs to the flavonoid glycosides, in the Okra
seed. A subsequent experiment using the Molisch test was conducted to test the
presence of sugars or glycosides in order to confirm the existence of isoquercitrin in
the extract. We could confirmed that OSE and OSE-ethanol contain glycosides.
However, the results do not indicate the existence of alkaloids, saponins, or tannins

in any of the fractions or the Okra seed extract (crude).

3. Characterization of the Okra seed extract
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Figure 23. HPLC chromatogram of the standard Isoquercitrin.
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Figure 24. HPLC chromatogram of the Okra seed extract.

The analysis of the Okra seed extract compositions with HPLC at the
wavelength of 353 nm, revealed that the Okra seed extract has four main

compositions (figure24) as follows:

Table 10. Retention time of HPLC chromatogram

Peak no. Retention time (min)
No. 1 16.948
No. 2 17.916
No. 3 20.065
No. 4 21.187
Std. Isoquercitrin 20.102

In accordance to previous reports (Mérida-Ortega et al., 2016, Venturelli et
al,, 2016), the Okra seed extract contains isoquercitrin as the main component.
Isoquercitrin has a retention time of 20.102 (figure23) and this was evident in the
chromatogram of the Okra seed extract with a peak at the same position, confirming
that the Okra seed extract truly contains isoquercitrin. After the partition process and
analysis of the isoquercitrin quantity, only the ethanol fraction contains isoquercitrin

while none was found in the hexane and dichloromethane fractions (data not
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shown). The linearity of standard isoquercitrin resulted in R’= 0.9996 and showed
that LOQ = 100 ng/ml and LOD = 40 ng/ml, which is low enough for the analysis of
its quantity. According to the results, the quantity of isoquercitrin in the Okra seed
extract is 2.89 + 1.64% of the extract’s weight, while the ethanol fraction contains
2.68 £ 1.92%. This might be because of the decomposition of the extract due to the
fact that the partition process used heat for lyophilization. In 24 hours, the extract
became solid again. The heat and the humidity of the solution might have
decomposed some major compounds, especially the compounds of flavonoids that
are not stable. There is a chance of hydrolysis or being easily oxidized if there is any
catalysis. The quantitative analysis of isoquercitrin provides results in accordance with
the analyses of total phenolic or total flavonoid content. As in the analyses of total
phenolic or total flavonoid, the standard curve of gallic acid and quercetin were
made, respectively to compare the quantity of phenol and flavonoids. With regard to
the result, the total phenolic content in the crude is 56.66 + 1.88 mg GAE/g extract
and the total flavonoid content is 44.07 + 7.03 mg QE/g extract, which is higher than
the extraction by partition, in which the phenolic of the ethanol fraction remains
merely 46.51 + 5.61 mg GAE/g extract and the flavonoid remains just 41.71+ 10.88

mg QE/g extract, obviously a lower number than in the crude.



Table 11. Phytochemical quantitative analysis
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OSE-Hex OSE-DCM OSE-EtOH Okra seed
fraction fraction fraction extract
Total Phenolic - - 46.51 + 5.61 56.66 + 1.88
(TP) content mg GAE/g mg
extract GAE/g extract
Total - - 41.71 + 10.88 | 44.07 + 7.03
Flavonoid (TF) mg QE/¢ mg QE/g
content extract extract
Total - - 31.74 + 1.23% | 36.73 + 2.41%

polysaccharide
(TPS) content

Isoquercitrin

content

2.68 + 1.92%

2.89 + 1.64%

Values represent the total phenolic content, total flavonoid content, total

polysaccharide content and isoquercitrin content, value= mean + SD (n=3).

Furthermore, with reference to glycoside testing, the extract contained sugar
in its structure, in agreement with previous reports stating that isoquercitrin is a
flavonoid glycoside. Therefore, the experiment to measure the sugar content in the
form of flavonoid glycosides depends on the chemical reaction with sugar, such as
glucose reacting to intensive acid resulting in 5-(hydroxymethyl) furfural. Examination
of the quantity of 5 -(hydroxymethyl) furfural by the phenol method was conducted
to find the compound with the colour and quality to be measured by UV-visible with

the wavelength of 490 nm (figure25).
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Figure 25. Reaction scheme of the phenol-sulfuric test.

In the experiment, the standard curve of glucose was created to compare
the quantity of sugar found in the extract. As seen in table 11, it is demonstrated
that the Okra seed extract and the ethanol fraction contain sugars at 36.73 + 2.41%
and 31.74 + 1.23%, respectively. As previously mentioned, the information could
basically conclude that the Okra seed extract contains major compositions of

flavonoid glycoside and flavonoid groups.

In the experiment to examine the characteristics of the Okra seed’s
fingerprint by TLC, this method will ensure the results of HPLC indicate how many
types of major compositions are present in the extract. Comparing with the standard
compounds, which are isoquercitrin, quercetin, rutin, silibinin, and myricetin, it was
found that the TLC chromatogram of the extract contains four major constituents
while isoquercitrin is one of them, indicated by Rf = 0.687, which matches the
standard isoquercitrin, while the other three constituents could not be indicated
(figure26). However, the Rf of the other standard are as follows: isoquercitrin= 0.687,
quercetin = 0.875, myricetin = 0.850, and rutin = 0.462 (Table 12). The TLC results are
in agreement with the HPLC results. It is obvious that the chromatogram from the
HPLC device reveals the four major compounds. After spraying ferric chloride on TLC,
there will be dark-brown, sometimes almost black, spots, demonstrating the quality
of the substance of the phenolic compounds. By spraying the TLC sheet with AlCl; or
NP/PEG reagent, the two solutions provide a similar result, as the fluorescent

reaction occurs under a wavelength of 365 nm. This presents the compositions of

OH
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the flavonoid compounds (figure26- 29). The TLC sheet sprayed by AlCl; produced
the fluorescent reaction of the flavonoid compounds as the substance became
yellow-blue. It also depends on the type of flavonoid. On the other hand, this
method has the disadvantage of having the sensitivity that is lower than that of the
NP/PEG reagent. The TLC sprayed by the NP/PEG reagent has brighter orange spots
than the sheet sprayed with AlCl;. Nonetheless, comparing the two methods, the

composition of the Okra seed extract with the two methods are not different.
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Figure 26. TLC Chromatogram of Okra seed extract observed under visible

light (A) and under UV light at 254 nm (B) and 366 nm (C); tracks: (1)Hexane

fraction; (2)DCM fraction; (3)Ethanol fraction; (4)Crude OSE; (5)lsoquercitrin;
(6)Quercetin; (7)Rutin; (8)Silibinin; (9)Myricetin . Adsorbent: Silica gel GF
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Figure 28. TLC Chromatogram of Okra seed extract after reacting with
AlClsreagent under visible light (A) and under UV light at 366 nm (B); tracks:
(1)Hexane fraction; (2)DCM fraction; (3)Ethanol fraction; (4)Crude OSE;
(5)lsoquercitrin; (6)Quercetin; (7)Rutin; (8)Silibinin; (9)Myricetin. Adsorbent:

Silica gel GF.
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Figure 29. TLC Chromatogram of Okra seed extract after reacting with
NP reagent observed under visible light (A) and under UV light at 366
nm (B) tracks: (1)Hexane fraction; (2)DCM fraction; (3)Ethanol fraction;
(4)Crude OSE; (5)Isoquercitrin; (6)Quercetin; (7)Rutin; (8)Silibinin;
(9)Myricetin. Adsorbent: Silica gel GF
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Table 12. The standard of TLC plate with 8 cm elution heights and Rr values.

Sample Height (cm) Rf Remark
Ethanol fraction 1 0.125 Unknown
Spot 1
Ethanol fraction 2.2 0.275 Unknown
Spot 2
Ethanol fraction 2.7 0.338 Unknown
Spot 3
Ethanol fraction 55 0.687 Isoquercitrin
Spot 4
Crude Spot 1 1 0.125 Unknown
Crude Spot 2 2.2 0.275 Unknown
Crude Spot 3 2.7 0.338 Unknown
Crude Spot 4 55 0.687 Isoquercitrin
Isoquercitrin Spot 1 5.5 0.687 Isoquercitrin
Isoquercitrin Spot 2 e 0.875 (impurity of

quercetin)
Quercetin 5 0.875 Quercetin
Rutin Spot 1 3.7 0.462 Rutin
Rutin Spot 2 7 0.875 (impurity of

quercetin)
Silibinin 7 0.875 Silibinin
Myricetin 6.8 0.850 Myricetin

Following this, sprayed TLC Chromatography with DPPH reagent was
conducted to test the antioxidation activity. If the substance contains an antioxidant,
white spots appear, and the background of silica will change from white to purple.
According to the test, the Okra seed extract and the Okra seed ethanol fraction gave
same positive results other standard flavonoids(Figure 30). Hence, it is expected that
the Okra seed extract displays an anti-cancer effect due to its antioxidative activity,
as for example, Ascorbic acid (Cimmino,Neel and Aifantis, 2018, Kim et al., 2018),
astaxanthin (Shanmugapriya,Kim and Kang, 2019), or many other flavonoid-type

compounds with similar antioxidative properties (Farombi,Akinmoladun and Owumi,
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2019). For example flavonoid compounds such as rutin (ben Sghaier et al., 2016,
Nafees et al., 2018), belonging in the flavonoid glycosides display anti-cancer effects
towards colorectal cancer and lung cancer, or luteolin (Ahmed et al., 2019),able to

cause apoptosis in breast cancer cells.

1 2 3 4 5 6 7 8 9

Figure 30. TLC Chromatogram of Okra seed extract after reacting with DPPH
reagent observed under visible light; tracks: (1)Hexane fraction; (2DCM
fraction; (3)Ethanol fraction; (4)Crude OSE; (5)lsoquercitrin; (6)Quercetin;
(7)Rutin; (8)Silibinin; (9)Myricetin . Adsorbent: Silica gel GF
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Figure 31. Infrared spectrum of the Okra seed.
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Figure 32. Infrared spectrum of isoquercitrin.
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Figure 33. Infrared spectrum of quercetin.

Table 13. FTIR characteristic peaks of the Okra seed extract.

Absorption B Appearance Group
1030.77 Strong C-O stretching
1354.98 Medium O-H bending (Phenol)
1601.88 Strong C=0 stretching

2000-2500 Weak Overtone of aromatic
compound
2928.87 Weak sp3 C-H stretching
3251.73 Strong O-H stretching

The spectral characteristics of the Okra seed extract analysed with FTIR
fingerprint are shown in figure 31. The spectrum characteristics represent clear
positions, which conform to the flavonoid structure that is visible the peak of the
spectrum. Examples are the functional groups such as aromatic ring (2000-1650),

carbonyl  groups (1601.88), and hydroxyl groups (3251.73). The spectrum

characteristics were slightly contaminated by other substance groups; therefore, the
peak position is very Strong detected (table 13). After processing the results, the

structure of the flavonoid and flavonoid glycoside appeared (figures 34 — 35).



Figure 35. Chemical structure of a flavonoid glycoside
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Figure 36. HPLC chromatogram of a standard quercetin.
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The FTIR spectrum of the Okra seed extract is similar to the spectrum of standard
quercetin and isoquercitrin. Although the two substances are different, as quercetin is
a flavonoid and isoquercitrin is a flavonoid glycoside, their spectra share similarities
due to having the same core structure, resulting in the lack of difference in the
functional group’s vibration. Nonetheless, considered in pair with the HPLC
chromatogram of the Okra seed extract (figure24) and the aforementioned
experiments, it is anticipated that the four compounds in the Okra seed extract are
regarded as one type of flavonoid glycoside. Owing to the experiment by HPLC of
standard quercetin, the retention time of quercetin is between 29 to 30 minutes
because is more nonpolar than the substances in the flavonoid glycoside types and
contains none of the sugar in the structure. In the final stage of the experiment, the
moment that the mobile phase of HPLC increased more than the movement of

isoquercitrin occurred (figure23).

Aexo
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Pharmaceutical Chula: METTLER STAR® SW 13.00

Figure 37. Thermogram of the Okra seed extract.
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Analysis of the thermal properties of Okra seed extract using DSC instrument could
not find a melting point clearly. However, the baseline of thermogram displayed
thermal absorption, which continued to increase, when increasing the temperature
from 0°C. This means the substance has a melting point, when the temperature is
higher. This conformed to the physical characteristics of the extract that Okra seed
extract becoming glue at room temperature. When the temperature increased to
approximately 90°C, it apparently absorbed the heat. The peak endothermic was
being in a mess, which demonstrated the degradation of the substance. Based on
this information, it is useful for designing a product related to heat that might result

in degradation, such as evaporation or sterilization.

4. Antioxidant activity

From the aforementioned, it was found that the Okra seed extract has the
antioxidation effect. The purpose of this study is to find the antioxidation of the
extract using two approaches, which are DPPH and ABTS. Subsequently, it was found
that in the hexane and dichloromethane fractions, IC50 could not be analysed and
found due to the effect value being very rare, though the quantity of the extract had
been added. However, in the ethanol fraction and crude, the IC50 of antioxidation
could be found by DPPH and ABTS. In the ethanol fraction, IC50 tested by DPPH and
ABTS is 48.35 ug/ml and 43.76 ug/ml respectively, and in the crude, IC50 is 55.80
ug/ml and 49.04 ug/ml, respectively (table 14). These results are in accordance with
the total phenolic content, the total flavonoid, and the isoquercitrin content. In
other words, the ethanol fraction has fewer effects and quantity than the crude,

which might be the result from the decomposition or loss during partition.



Table 14. Antioxidation activity of the Okra seed extract.
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OSE-Hex OSE-DCM OSE-EtOH | Okra seed Ascorbic
fraction fraction fraction extract acid
DPPH assay - - 56.65+8.80 | 48.59+5.57 | 4.09+0.11
(IC50) ug/ml
ABTS assay - : 49.04+0.43 | 43.76+0.12 | 3.59+0.09
(IC50)
ug/ml

Values represent IC50. Value= mean + SD (n=3).

5. Cytotoxicity test

One hundred (100) mg crude OSE was partitioned using a solvent to obtain
OSE-Hex, OSE-DCM, and OSE-EtOH. The extract was then dissolved in complete
medium containing 1% DMSO to clear solution and diluted with the complete
media 100-fold. The cytotoxicity test of cancer cells uses a PrestoBlue assay test
method by seeding cells in 96-well plates and incubating for 24 hours. The tests
are performed at 24 and 48 hours and measured with a microplate reader at
excitation/emission 560/590 nm. Each OSE fraction was compared to the crude
Okra seed extract. The most effective OSE part in the cytotoxicity assay was then
further compared to standard isoquercitrin equivalent to isoquercitrin found in
the 1,000 pg current Okra seed extract. When the cytotoxic effect of the OSE and
its various fractions was tested on the three cancer cell lines, we observed no
effects of the Hexane (OSE-Hex) and Dichloromethane (OSE-DCM) fractions
compared to controls after 24 hours or 48 hours. However, in the present study,
the onset of the Okra seed extract’s cytotoxic effect appeared at 48 hours
indicating a possibly chronically toxic effect (figure38). The crude OSE displayed
the highest anticancer activity after 48 hours, and followed by the Okra in the
ethanol fraction also at 48 hours. Among the three cancer cell lines, the breast
cancer cell displayed the highest sensitivity, with cell viabilities of 62.11+ 2.81 %
for the crude OSE and 77.89+4.65 % OSE-EtOH. The cell line with the next

highest sensitivity was liver cancer cell HepG2 displaying viabilities for the crude
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OSE and OSE-EtOH of 77.41+4.11% and 83.08+6.95% respectively. It was
hypothesized that synergistic effects of the components of the Okra seed were
present. When we used the Okra seed extract in the partition by hexane,
dichloromethane, and ethanol, respectively, the components in the Okra seed
are divided according to the polarity of the solvent. In other words, the non-polar
substance would be separated with hexane, while the semi-polar substance
would be separated with dichloromethane. These substances in two layers might
be behind a synergistic effect with the main components (Batra and Sharma,
2013, Vemuri et al,, 2017, Zheng et al., 2017a). Moreover, the drying process of
our extract required heat, humidity, and light which may have compromised the
different components. Earlier studies have shown that flavonoid compounds
display little stability as Yan Hu and others (Hu et al., 2018) found that the
flavonoid extracted from the orange peel was unstable when kept at a
temperature of 4°C. Among 4 types of flavonoids including narirutin, hesperidin,
nobiletin, and tangeretin, were decreased significantly compared to day O.
Besides, Biesaga (Biesaga, 2011) also found that the difference in extraction
affects the quantity and degradation of the substances of flavonoids.
Isoquercitrin, the main compound of the Okra seed extract, could degrade and
hydrolyze easily, pH alterations or metal ions could also degrade the extract.

Moreover, the higher the temperature, the higher the chance of hydrolysis.
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Figure 38. Cytotoxicity of the Okra seed extract fractions (48hr).
Cells were left untreated or were treated with various fractions of the Okra seed

extract for 48 hr. Cell viability was determined by presto blue assay. Values shown
are relative cell viability compared to control cells and plots are mean + SD (n=3).

*P < 0.05 versus non treated controls.

In summary, the direct delivery of Okra seed extract followed by the OSE-EtOH
fraction had the highest cytotoxic effect on the breast cancer cell line (MCF-7),
followed by the hepatocellular carcinoma (HepG2) and cervical carcinoma (Hela)
cell lines in that order. It would thus be preferable to select the cruse OSE for future

studies.
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Figure 39. Cell viability versus concentration, A: Hela, B: HepG2 and C: MCF-7

Cells were left untreated or were treated with various fractions of the Okra seed
extract for 48 hr. Cell viability was determined by presto blue assay. Values shown
are relative cell viability compared to control cells and plots are mean + SD (n=3).

*P < 0.05 versus non treated controls.
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In our experiments, the 3 types of cancer cells responded to the Okra seed
extract differently. Breast cancer cells responded to the Okra seed extract the most,
while Hela cervical cancer cells responded to the Okra seed extract the least. Earlier
reports observed similar findings towards Hela (Ahmed et al,, 2014). In the work of
Jarial and others (Jarial et al., 2018) who tested the anticancer activity of Cheilanthes
tenuifolia containing rutin and quercitrin where Hela responded to the extract less
than HepG2. This was similar to the research of Lingrong Wen (Wen et al.,, 2014), who
tested the effect of flavonoid in Litchi chinensis Sonn and provided a different
response towards the cancer cells HepG2 and Hela. Moreover, the work of
Muhammad Magsood and others (Magsood et al., 2018) experimented with the
anticancer activity of Withania coagulans, belonging to the Solanaceae family. The
total flavonoid content in Withania coagulans is 394.34+1.26 ug/g. It was revealed
that the extract could resist Hel.a less than breast cancer MCF-7 and brain cancer
(RG2), though the response towards methotrexate was better than breast cancer.
However, what is interesting is the concentration of isoquercitrin is 28.9 ug/ml. An
equivalent quantity of the isoquercitrin was found in 1,000 ug of the Okra seed
extract, when compared with the single isoquercitrin, which is the main composition
of Okra seed extract. The Okra seed extract provided better efficiency for cancer
resistance than the isoquercitrin. The Okra seed extract at 250 ug/ml of
concentration began to have anticancer activity close to isoquercitrin. When we
calculated the quantity of isoquercitrin in the Okra seed extract, just 7.2 ug/ml was
measured. We thus hypothesized that, apart from isoquercitrin, other substances
with an effect are present and operative providing a synergistic effect. This is in
congruence with previous research with baicalein and silymarin (Chen et al., 2009),
also flavonoids. The use of two 2 types of flavonoids could destroy cancer cells
better than a single substance. As for the use of baicalein alone and silymarin alone
at 6.75 ug/ml and 100 ug/ml, respectively, cell viabilities at approximately 70-80%
was observed. However, mixing the 2 substances at the equal concentrations
reduced cell viability to lower than 20% (figured0). It is probable that there are at
least 4 compounds found in Okra seed extract behind the hypothesized synergistic

effect.
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Figure 40. Synergistic of baicalein and silymarin on HepG2 cell.

(Chen et al., 2009)

We used the Okra seed extract in normal human keratinocyte cells (HaCaT)

but observed no effects on cell division (figured1).
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Figure 41. Okra seed extract cytotoxicity of human keratinocyte cell.

Cells were left untreated or were treated with various fractions of the Okra seed
extract for 48 hr. Cell viability was determined by presto blue assay. Values shown
are relative cell viability compared to control cells and plots are mean + SD (n=3).

*P < 0.05 versus non treated controls.

In a previous report of burns in rats (Bhatia et al., 2016), the 0.06%-
isoquercitrin  cream was more efficient in inducing wound healing than silver
sulfadiazine cream and the lowest isoquercitrin concentration being close to the
effect of silver sulfadiazine cream. In other words, isoquercitrin’s healing effect
showed when using 100 ug/ml but in our experiments we applied 1,000 ug/ml of

Okra seed extract it was found isoquercitrin 28.9 ug/ml.
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6. Anti-cells migration assay

Anti-migration and anti-invasion studies elucidate other mechanisms of cancer
cell biology. Cancer cells will metastasize to ensure continued expansion and this
occurs often by using blood or lymph vessels and the circulatory as well as the
lymphatic system(Kibe et al., 2019). Cancer cells reach the vessels via migration
and invasion. Cell migration was tested by observing how the extract could

cancer cells prevent from moving.
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Control

=100 um

Figure 45. Cell migration (MCF-7 cell)
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The Okra seed extract displayed inhibition of migration in two of the three
cancer cell lines (MCF-7 and HepG2) in the cell scratch assay that were statistically
significant. The effect of the OSE on the Hela cell line was negligible but even at low
doses of 25 ug/ml, this effect was most pronounced with the MCF-7 cell line
exhibiting the highest level of migration inhibition. The effect on the HepG2 cells was
different. The HepG2 cells grow and divide in groups in overlapping layers; hence, the
split and side of the heel appears less noticeable when the HepG2 cells were
scratched while the MCF-7 prefer to divide horizontally into a monolayer rather than

overlapping.

7. Cells invasion inhibition assay

The cells invasion inhibition assay studies the vertical movement by culturing
the cells on the transwell plate to simulate metastasis. The Boyden chamber
migration test revealed statistically significant dose dependent effects on all 3 cell
lines and all 3 doses of the Okra seed extract, already appearing at the lowest dose
tested. At all doses, the MCF-7 cell line exhibited the highest level of invasion
inhibition followed by the HepG2 cells and Hela cells respectively. Our results are in
agreement with the findings of Dai et al where apigenin could resist the migration
and invasion of colorectal cancer (Dai et al,, 2016) and hesperidin and nobiletin in
Citrus reticulatacv. Suavissima that could resist the migration of several cancer cells,
e.g. human liver cancer HepG2, promyelocytic leukemia HL-60, and breast cancer
MDA-MB-231 as seen by Zhang et al (Zhang et al.,, 2014). Isoquercitrin alone used as
control resulted in similar effects, in the inverse order of effect on the three cell
lines. This might be because isoquercitrin alone is not sufficiently effective in
inhibiting migration and invasion but may require more components to enhance its
effect or activity. Several mechanisms may be involved in migration and invasion as
for example, the proteolytic of conversion pro-uPA to be uPA (urokinase) to
stimulate uPA receptor resulting in differentiation and invasion, PI3K/AKT pathway
related to proliferation of cancer cells inducing metastasis and invasion faster or the

TK2 protein tyrosine kinase 2 (PTK2), also known as focal adhesion kinase (FAK) that
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is related to the attachment and spreading of cancer cells (Jiang et al,, 2015,
Krakhmal et al., 2015). Flavonoids impact differently on different pathways associated
with invasion and migration e.g., quercitrin inhibiting the miR-16/HOXA10 process in
oral cancer (Zhao et al,, 2019), apigenin inhibiting the NEDD9 process of colorectal
cancer(Dai et al., 2016), or delphinidin inhibiting Brain-derived neurotrophic factor
(BDNF) in ovarian cancer (Lim et al., 2017). It is therefore hypothesized that the crude
extract may present a better and more efficient approach than the use of

isoquercitrin alone.
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Figure 47. Cell invasion inhibition.

Cells were left untreated or treated with various concentrations of the Okra seed
extract for 48 hrs. Cell invasion was determined by crystal violet staining and cell
lysate before being evaluated on a microplate reader at a wavelength of 590 nm.
Values represented are relative cell invasion compared to control cells. Plots are

mean + SD (n=3). *P < 0.05 versus non treated controls.

8. Apoptosis induction test

Cell death, particularly apoptosis, is widely-studied. Understanding apoptosis
in disease conditions is very important as it not only gives insights into the
pathogenesis of a disease but may also leave clues on how the disease can be
treated. The mechanism of apoptosis is complex involving many pathways. Defects
can occur at any point along these pathways, leading to malignant transformation of
the affected cells, tumour metastasis and resistance to anticancer drugs (Wong,
2011). Disrupted balance of pro-apoptotic and anti-apoptotic proteins such as p53
protein or Bcl-2 protein, a decrease of caspase, or Impaired receptor signaling
pathway all can result in reduced apoptosis and enhanced tumor growth and

development. As a consequence, cancer treatment by stimulating its apoptosis is
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very interesting. Substances in the flavonoid g¢roup are being intensely
researched(Abotaleb et al., 2018), such as the stimulation of protein Bcl-2 of morin
flavonoid of Moraceae plant (Nguyen et al., 2017) or quercetin disturbing Foxo3a in
breast cancer, resulting in apoptosis (Hyun et al., 2015). The analyses of apoptosis in
cells is as follows: measuring the increase of caspase enzyme, measuring the
destroyed DNA or the change of the cell membrane. Cells during early apoptosis will
express phosphatidylserine at the outer membrane. In this study we selected to
label phosphatidylserine by annexin V and 7AAD and measured with flow cytometry
thus allowing for the monitoring of the apoptosis state.

Earlier in the results section of current study we evaluated the Okra seed
extract’s cytotoxic effect and reported that such effects were dose and time
dependent and highest for the breast cancer MCF-7 cell lines, followed by the liver
cancer HepG2 while the effect was minimal for the cervical cancer Hela cell line
indicating resistance to the extract. The incubation with the extract showed a
significant effect on the apoptosis assay. Table 15 shows that cells treated with 25,
50, 100, 250, 500,750 and 1,000 pg/mL Okra seed extract for 48 h resulted in a
significant increase in the percentage of apoptotic cells (early and late apoptosis) in a
manner consistent with its cytotoxic effects. Thus, the breast cancer MCF-7 cell line
was the most responsive to induction of early and late apoptosis in a dose
dependent manner already at low doses, but slightly declined at the highest dose.
Similar albeit weaker effects were noted for the cervical HeLa and liver HepG2 cancer
cell lines. The apoptosis stimulation increases due to the concentration of the
extract. However, the death of cells begins to change from early apoptosis to late
apoptosis, called necrosis, if the extract is very intense (table 15). The results are
consistent with numerous studies that found that substances in the flavonoid group
may induce apoptosis of cancer cells. In addition, different types of flavonoid may
exhibit differential effects in a multitude of cancer cells, such as flavonoids extracted
from propolis may induce more apoptosis in breast cancer than in colon cancer. The
chemical structure of different flavonoids may affect their antiradical activity and

thus induce differential effects on cancer cell inhibition.
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Compared to chemotherapy presently used, such as cisplatin and the Okra seed
extract, it was found that cisplatin has higher necrosis death induction of cancer cells
than apoptosis death. The disadvantage of this type of dead cells is that necrosis
death often means the explosion of cells or leakage of cytoplasm. This will release
cytokines to cause inflammation or fever after the death of cells. The Okra seed
extract contains the induction effect to the apoptosis death, this is the good point

for further development.

9. Anti- vascular endothelial growth factor test

Cancer cells use angiogenesis factor to promote their spread by creating new
blood vessels. Factors involved are among others the Vascular Endothelial Growth
Factor (VEGF). Many reports have established a relationship between VEGF and the
progress of cancer (Hegde,Wallin and Mancao, 2018, Apte,Chen and Ferrara, 2019).
The cancer will promote release VEGF to stimulate new blood vessel creation
around it.. Therefore, the use of drugs or substances that can resist angiogenesis is

another way to fight cancer.

300
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Figure 50. Anti-vascular endothelial growth factor (Hela cell).

Hela cells were left untreated or treated with various concentrations of the Okra
seed extract for 48 hrs. VEGF was determined by sandwich Elisa assay. Values
represented are relative VEGF concentrations compared to control cells.

Plots are mean + SD (n=3). *P < 0.05 versus non treated controls.
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In the present study, we observed that the OSE exerted its VEGF inhibition
in a dose depended manner on all 3 cell lines both at 24 and 48 hours but this
effect was only significant at 48 hours in accordance with previous reports on
flavonoids and isoquercitrin. In the cervical Hela cancer cell line, VEGF inhibition is
evident at 48 hours (figured8) at 250 ug/ml and 500 ug/ml, and significantly more

efficient than isoquercitrin.

600
500
% 400
|
E Control
= 300 B 100 pg/ml
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100 ® Isoquercitrin
0

Figure 51. Anti-vascular endothelial growth factor (HepG2 cell).
HepG2 cells were left untreated or treated with various concentrations of the Okra
seed extract for 48 hrs. VEGF was determined by sandwich Elisa assay. Values
represented are relative VEGF concentrations compared to control cells.

Plots are mean + SD (n=3). *P < 0.05 versus non treated controls

In the liver cancer cell line, OSE exerted its VEGF inhibition at 24 hours
(figured9) with statistical significance. The effect is dose dependent, meaning the
higher the concentration, the higher the VEGF inhibition. At 48 hours, the best effect
was noted for the 500 ug/ml concentration. Isoquercitrin still displayed the same
results as in other experiments, meaning the efficiency is not as good as when using

the extract.
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Figure 52. Anti-vascular endothelial growth factor (MCF-7 cell).

MCF-7 cells were left untreated or treated with various concentrations of the Okra
seed extract for 48 hrs. VEGF was determined by sandwich Elisa assay. Values
represented are relative VEGF concentrations compared to control cells.

Plots are mean + SD (n=3). *P < 0.05 versus non treated controls.

In the breast cancer cell line (MCF-7) results were similar as for cervical
cancer. Already at 24 hours the was a non-significant tendency to VEGF inhibition.
After 48 hours of incubation, results became significant with dose dependent
increase of inhibition effect. In the control group VEGF measured 302.26 + 12.64
pg/ml, while the groups of 100 ug/ml, 250 ug/ml, and 500 ug/ml concentrated OSE
extract, the VEGF measured 225.89 + 15.75 pg/ml, 145.22 + 11.76 pg/ml, and 137.81
+ 11.56 pg/ml, respectively. It was obvious that the release of VEGF was almost
completely resisted since using the concentration at 250 ug/ml. Furthermore, VEFG
release observed in liver cancer cell was the highest due to the fact that liver cells
normally make new vessels. In other cancer cell types, VEGF values reported were
363 pg/ml for colorectal cancer and 399 pg/ml for other cancers (Kut,Mac Gabhann
and Popel, 2007).
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10. Formulation of Okra seed extract loaded polymeric micelles

After realizing the properties of the Okra seed extract and the pharmaceutical
activity relating to cancer cells, the Okra seed extract could be developed into a
drug delivery system. We selected the polymeric micelles carrier system to increase
the solubility to the extract and test its efficiency on whether or not our delivery
system could enhance the efficiency in resisting cancer cells. In the preparation, the
thin film hydration method was used to compare the chemical and physical

properties such as the size of the particle, zeta value, and entrapment efficiency.

Critical micelle concentration
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Figure 53. Critical micelle concentration of poloxamer 407.

Before starting the preparation of the particles for the polymeric micelle,
the critical micelle concentration (CMC) was tested by Dunouy ring tensiometer for
analysis of the surface tension of the poloxamer 407 to evaluate its concentration.
The graph between the surface tension and the concentration at the lowest level
before stabilizing the surface tension was plotted, which is called critical micelle
concentration. The poloxamer 407 is a surfactant substance; therefore, the interfacial
phenomena appeared in the form of positive absorption, which means the molecule

of the poloxamer 407 will replace the molecule of water on the edge between
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water and air. As a consequence, the surface tension reduced when the poloxamer
407’s molecule was multiplied, until the molecule of poloxamer 407 would position
in order to stabilize the surface tension and started to produce micelle (figure52).
According to the experiment, it was found that poloxamer 407 had a CMC value =
0.04 meg/ml(figure51), which is similar to previous research (Cirin,Krstonosi¢ and Posa,
2017). The formula prepared and applied in this work used 50 mg of poloxamer 407
with the CMC approximately 1,250 fold. It was demonstrated that it could produce

micelles at the lowest concentration to prepare particles.

g Surfactant

ra et eeedes
@ @&

Surface tension

Log surfactant concentration

Figure 54. Surface tension and critical micelle concentration.



Table 16 Characterization of Okra seed extract loaded polymeric micelles.(n=3)
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Ratio Size (nm) PDI Zeta-potential % EE
(mg: mg)
(extract:
poloxamer)

F1 50:50 391.63+43.52 0.36+0.04 -9.54+3.42 79.82+0.29
F2 50:100 404.03+36.46 0.42+0.08 -15.00£5.10 83.57+0.75
F3 50: 200 442.72+72.43 0.44+0.05 -15.27+3.88 86.56+0.54
Fa4 50: 500 190.23+46.96 0.34+0.05 -14.70+4.88 93.43+2.45
F5 50:1,000 167.57+110.58 0.99+0.01 -16.02+6.72 86.88+1.93
B1 0:200 381.57+£49.17 0.26+0.16 -9.72+4.46
B2 0:500 164.92+63.16 0.56+0.52 -11.48+5.19
B3 0:1,000 174.91+£93.03 0.97+0.12 -10.61+7.58

In the process of micelle preparation, we observed that when the
concentration of poloxamer 407 increases more than the CMC, the poloxamer
molecules will move down from the water surface to form micelles, the size of
which will increase continuously until an optimum level is reached. Particle size will
then start decreasing due to the thermodynamic effect of micelle surface tension
decreasing below the surface free energy level. Therefore, in order to maintain
thermodynamic stability, micelle size decreased as to increase surface area
(Yotsumoto et al,, 2018, JalNczuk and Zdziennicka, 2019). In any case, according to
the equation F5, we observed that when the concentration of PoloxamerdQ7
increases the value of polydisperse index (PDI) also increases. Due to the high
number of micelles, aggregation occurs which results in the formation of a new
molecular size, from spherical to the rod shaped or bilayer sheet (Kamranfar and

Jamialahmadi, 2014).
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When considering the result of poloxamer 407 towards zeta-potential, it was found
that the poloxamer 407 does not affect the change of polarity due to it being a
nonionic surfactant although increasing its concentration, the zeta-potential still
remains indifferent or near 0. It represented a small number of anions because the
substance of flavonoid entrapped inside contains anions from the hydroxyl group in
the structure of the phenol area. The final stage is to consider the concentration of
the poloxamer 407 towards the entrapment of the extract. The proportion of 50:500
entrapped the drug at the highest level, or 93.43+2.45%. Regarding the factors
resulting in the difference of drug entrapment, it could be explained through the
result of micelles production towards the concentration of poloxamer 407. At the
early stage, F1-F3 with the low concentration of poloxamer 407 produced
incomplete micelles and the particles are large. However, PDI is low, which
demonstrated the loose order arrangement of poloxamer 407’s molecules. This
resulted in micelle’s instability and small entrapment capacity. When the
concentration of poloxamerdQ7 increased to 500 mg, the quantity of surfactant was
expected to be sufficient for the complete production of micelles. The particles
were apparently small, resulting in better drug entrapment. As seen in figures 59-63,
the difference in physical properties is visible. As in figure 62, the concentration is
50:500, so the solvent turned yellow the most. This conformed to the analytical
result of entrapment efficiency that found the drug was entrapped in micelles the
most. Meanwhile, at a proportion of 50:1,000 (F5), it was found that the entrapment
efficiency reduced. In compliance with the result of particles, when the
concentration of poloxamer 407 was multiplied until reaching 1,000 mg, though the
particles were smaller the dispersion of particle size was high. Micelles positioned in
order and size was larger to pass the membrane filter before analysis with UV-visible.

The result, therefore, showed lower entrapment.



Figure 55 Okra seed extract loaded polymeric micelles (50:50)

Figure 56. Okra seed extract loaded polymeric micelles (50:100)
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Figure 57. Okra seed extract loaded polymeric micelles (50:200)

Figure 58. Okra seed extract loaded polymeric micelles (50:500)
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Figure 59. Okra seed extract loaded polymeric micelles (50:1,000)

The possibility of flavonoid substance entrapment in micelles from
poloxamer 407 was expected when the poloxamer 407 formed micelles and they
arranged in U-shape molecules by turning its polyoxyethylene, which is a hydrophilic
chain to the outside, and turned the middle hydrophobic chain, which has the
structure of polypropylene to the inside. The substance of flavonoid would cause
charge interaction between flavonoid molecule and poloxamer 407 molecule with
hydrogen bond(figure58). This affected the polymeric micelles system that is able to
carry the substance of flavonoid (Chat et al, 2011). With respect to the
characterization data of the prepared delivery system, we could select the formula
50:500(F4) to apply in further study due to the size of particles being small and the

entrapment efficiency being high.
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Figure 60. Possible location of isoquercitrin in micelles.

Based on the principle of colloids, OSE-loaded in polymeric micelles (F4)
were tested with the chromatography method (Pozzi et al, 2013). Due to the
negative charge of the cellulose made filter paper, OSE can be partitioned in the
mobile phase (distilled water) when put as a spot on filter paper as flavonoids is OSE
are negatively charged. Therefore, there is a repulsion force between flavonoid and
filter paper. But if the particle is positively charged or neutral then the filter paper
will attract it. In the present study, all of the micelles are expected to be able to
load the flavonoid in the OSE, rending the movement of the OSE in the micelles
invisible and since poloxamer407 is a nonionic surfactant no negative charge is seen

to repel from the hydroxyl group on filter paper.
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Figure 61. Chromatographic elution of Okra seed extract (A: OSE-micelles, B: OSE).

According to the test (figure59), after running TLC, the paper that was
sprayed by NP-PEG reagent was used to check the difference. It was apparent that
spot A, which was the Okra seed extract entrapped in the polymeric micelles
delivery, moved through the mobile phase less than the crude. As a consequence, it

was discovered by testing that the delivery system could entrap the extract.

11. Anticancer activity of Okra seed extract loaded polymeric micelles

In the experiment of anticancer activity efficiency of the polymeric micelles
delivery system we compared the crude 500 ug/ml Okra seed extract, the Okra seed
extract loaded polymeric micelles, in which the concentration was equivalent to the

500 ug/ml Okra seed extract and the blank polymeric micelle (figure60).
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Figure 62. Cytotoxic activity of Okra seed extract loaded polymeric micelles.

Cells were left treated for 48 hrs. with Okra seed extract loaded in polymeric
micelles and were compared with unloaded Okra seed extract treatment. Cell
viability was determined by presto blue assay. Values shown are relative cell viability
compared to control cells. Plots are mean + SD (n=3).

*P < 0.05 versus OSE-unloaded in polymeric micelles.

The blank polymeric micelles did not exert any cytotoxic effect to any of
the cancer cell lines. When Okra seed extract was added to the polymeric micelles
water solubility increased and cytotoxicity was enhanced (figure 60). The increased
water solubility might increase the extract’s penetration rate into the cells, thereby
inhibiting their growth. However, the polymeric micelles delivery system’s
cytotoxicity increase was only significant in the HepG2 cell line with little change in
the MCF-7 and Hela lines. Previous studies reported that efflux pumps and p-
glycoproteins are localized on the cell membrane of breast cancer cells and help
transport substances in and out of the cells, potentially rending them resistant to

chemotherapy. Similar reports have been published on cervical cancer. In a recent
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report, Hela cells appear to favor protein or peptide uptake more than positive
charged nanoparticles (Mohebbi et al., 2019). The polymeric micelles delivery system
used in the present study was an initial prototype aimed to increase the solubility of
the Okra seed extract. Future studies are in order to devise more specific drug
targeting system to cancer cells, such as conjugation to folic acid (Sharma and
Agnihotri, 2019) or polymeric mixed micelle preparation to change surface charge of
micelles in order to increase cellular uptake in some cancer cells (Yang et al., 2019a,

Yang et al., 2019b).

12. Stability test

In the stability test of OSE-polymeric micelle after lyophilization, the products
appeared as a white cake without adding the bulking agent in the original formula.
After the stability test for 2 states, at 40°C and 4°C, the physical characteristics after 3
months did not change for either state. They still remained as white cakes in vials.
After re-dispersal by water, particle size analysis, and zeta potential (table 17), the
size of particles was not different in each month. The micelles after lyophilization
became larger than when prepared before being lyophilized. The particle size
became larger in the range 500-600 nm. The reason for the enlargement was due to
re-dispersal without reducing particles with sonication as in the preparation process,
thus simulating real world/hospital use where the use of a sonication is not available.
So, when the micelles are produced in the early stage, their particles are large
because of thermodynamic stability. If needed to reduce size, mechanical force is
required to induce the system vibration, causing the size to decrease to preserve the
thermodynamic stability. However, zeta potential was not different and remained in -

10 mV range.
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Table 17 Physical stability of the Okra seed extract loaded polymeric micelle after
lyophilization. (n=3)

Condition/Time 0 month 1 month 2 month 3 month
Particle size
4 Celsius degree 578.32+59.03 | 612.43+63.02 | 589.03+53.96 | 582.81+58.74
40 Celsius degree 593.24+48.61 | 605.72+68.23 | 584.28+53.16
Zata-potential
4 Celsius degree -12.56+2.18 -15.03+3.82 -9.64+5.73 -13.54+5.04
40 Celsius degree -10.94+2.61 -12.38+2.41 -14.49+3.97

The analysis of flavonoid quantity after 3-month collection using UV-visible
spectrophotometry at the 353 nm of wavelength reported that the quantity of
flavonoid significantly decreased compared to day O after when stored at 40°C. In
month 3, the quantity of flavonoid was 71.85%, compared to 92.17% on day 0 at 4°C
(figure61). This was in agreement with the report that flavonoid substances may
degrade easily due to catalysis from heat, humidity, or light. Standard isoquercitrin
(Sigma Aldrich Company) should be handled at -20°C as slow degradation was

reported in 4°C. This data may aid future product maintenance.
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CHAPTER V
CONCLUSION

The aim of the present study was to elucidate the phytochemical
composition of the Okra seed extract and study the anticancer activity of its
flavonoid-rich fraction, delivered in its native form as well as in the form of a
polymeric micelle with enhanced solubility, in three carcinoma cell lines.

The physical characteristics of the extract included a yellow-brown powder without
fragrance, though it could be liquid at room temperature. The extraction %yield was
4.27 + 0.45% and the DSC thermogram observed degradation starting at 100°C.

The phytochemical screening of the Okra seed extract reported reactions to
the ferric chloride test, Shinoda test, sodium hydroxide test, and Molisch's test. These
results demonstrate the presence of phenolic, flavonoid, and glycoside compounds,
respectively.

Spectrophotometry analysis using FTIR, the major spectra are found as
follows: OH stretching of OH group in the structures of flavonoid and glycoside, CH
stretching of the alkyl group, the glycoside structure, and C=0O ketone in flavonoid.
After processing, it was expected that the extract would display flavonoid glycoside
compounds. Considering the analytical results of HPLC chromatogram, it was found
that the Okra seed extract contained 4 major components. The retention time is as
follows: 16.948, 17.916, 20.065, and 21.187 minutes. One of the major components
was isoquercitrin.

Antioxidant testing of the Okra seed extract by DPPH and ABTS employing

free radical scavenging, the crude Okra seed extract, provided the highest antioxidant
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readings at IC50 = 48.59+5.57 ug/ml and 43.76+0.12 ug/ml, respectively. In the
ethanol fraction, the Okra seed provided inferior antioxidant efficacy at IC50 =
56.65+8.80 ug/ml and 49.04+0.43 ug/ml, respectively. The ethanol fraction displayed
lower readings probably due to the degradation of the extract during partition and
evaporation. Furthermore, the dichloromethane fraction and hexane fraction, could
not be analyzed due to the fact that none of the components were found in these 2
layers because most of the contents have poles.

Regarding the extract’s cytotoxic activity at studies in the cervical Hela,
liver HepG2, and breast MCF-7 cancer cell lines, the direct delivery of the crude Okra
seed extract had the highest cytotoxic effect on the breast cancer cell line (MCF-7),
followed by the hepatocellular carcinoma (HepG2) and cervical carcinoma (Hela)
cell lines in that order without any observed cytotoxicity on normal keratinocyte

cells (HaCat).

The Okra seed extract’s effect demonstrated a dose and time dependent
cell proliferation and migration inhibition with differential effects in the 3 cancer cell
lines. In the Hela cell line, the Okra seed extract could significantly resist the
migration of Hela cells differently as compared to the control group, although the
division resistance was not sufficiently effective. The effect on the HepG2 cells was
different. The HepG2 cells grow and divide in groups in overlapping layers; hence, the
split and side of the heel appears less noticeable when the HepG2 cells were
scratched while the MCF-7 prefer to divide horizontally into a monolayer rather than
overlapping. Monitoring apoptosis by labelling the cell membrane with annexin V
and 7-AAD, we observed that the Okra seed extract could stimulate apoptosis and

provide better efficiency than using isoquercitrin alone. The above described effects
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are plausibly due to VEGF production inhibition, leading to apoptosis and cell death.
The observed OSE effects on cancer cell lines may stem from the four flavonoid
compounds observed in the current study, one of which was isoquercitrin. However,
in view of the latter compound’s isolated effects being inferior to those observed by
the OSE, we hypothesize that either isoquercitrin requires the biological synergy of
any one or all of the observed flavonoids, or any of the three in isolation or all in
concert are responsible. Further studies are required to elucidate the nature of the

three unknown compounds.

Finally, this study extracted Okra seed and prepared it in the form of
polymeric micelles to apply in further industrial development. The study compared
the proportion of poloxamer 407, which is a non-ionic surfactant, for preparing
polymeric micelles at several proportions. It was discovered that the increase of
poloxamer 407 resulted in smaller size micelles and incereased efficiency in drug
entrapment. The optimal proportions to use is 500 mg of poloxamer 407 and 50 mg
of Okra seed extract; the particle size was 190.23+46.96 nm and the entrapment
efficiency was 93.43+2.45%. The polymeric micelles delivery system’s cytotoxicity
increase was only significant in the HepG2 cell line with little change in the MCF-7
and Hela lines. After the stability test, the delivery system was developed into dry
powder for lyophilization with the intention of keeping the product longer and for
easier delivery, including pharmaceutical applications using either oral route or
injection. The prepared polymeric micelles were dried up and the final product
looked as a white cake that could dissolve in water. However, we encountered some

issue upon dissolving it in water resulting in bigger particle size than expected.
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Furthermore, the amount of flavonoids was significantly reduced at 40°C. This

information needs to be taken into account in future pharmaceutical applications.

Further studies are required to elucidate the nature of the three unknown
compounds. Furthermore, as we encountered significant problems in dissolving the
Okra seed extract and creating the polymeric micelles, further studies are needed to
devise a clinically beneficial delivery and targeting system. Further studies are
required to evaluate future pharmaceutical development in the form of products or
combination with chemotherapy in order to increase efficiency of therapeutics
effects and will expanded as well as research about concerning long-term safety and

stability of a potential product.
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Appendix A
HPLC chromatrogram
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==== Shimadzu LabSolutions UV Spectrum ====
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Data for calibration curve of isoquercitrin
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Concentration AUC AUC AUC mean SD
1,000 ug/ml 18,302,780 18,176,805 18,717,160 18,398,915 + 282,714.2
500 ug/ml 6,896,720 6,948,796 6,962,690 6,936,069 + 34,777.85
250 ug/ml 3,308,832 3326747 3,336,907 3,324,162 + 14,214.89
100 ug/ml 1,303,316 1,305,960 1,312,149 1,307,142 + 4533511

50 ug/ml 635,349 636,469 640,843 637,554 + 2,903.168
10 ug/ml 124,715 124,416 125,596 124,909 + 613.455
y = 13913x - 66245
8000000 R2 = 0.9996
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Data in DPPH assay of OSE-EtOH

MeOH+DPPH Average
0.412 0.376 0.405 0.398
blank MeoH Average
0.036 0.037 0.036 0.036
Absorbance
OSE+MeOH Average
1 2 3
1000 0.048 0.044 0.045 0.046
500 0.038 0.038 0.040 0.039
250 0.039 0.036 0.039 0.038
125 0.038 0.038 0.045 0.040
62.5 0.037 0.039 0.037 0.038
31.25 0.039 0.038 0.037 0.038
15.63 0.037 0.038 0.038 0.038
7.81 0.036 0.036 0.037 0.036
391 0.038 0.036 0.041 0.038
1.95 0.038 0.037 0.036 0.037
Absorbance
Conc.OSE(ug/ml)
1 2 3
1000 0.073 0.069 0.072
500 0.064 0.066 0.066
250 0.067 0.067 0.065
125 0.077 0.073 0.073
62.5 0.217 0.165 0.167
31.25 0.303 0.261 0.258
15.63 0.354 0.356 0.343
7.81 0.382 0.370 0.380
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3.91 0.396 0.400 0.391
1.95 0.412 0.413 0.404
Conc.OSE (OSE+MeOH)-(blank Abs. sample %Inhibition
(ug/mU) MeOH) 1 2 3 1 2 3

1000 0.010 0.063 0.059 0.06 84.07 85.08 84.33
500 0.003 0.061 0.063 0.063 84.58 84.07 84.07
250 0.002 0.065 0.065 0.063 83.65 83.65 84.16
125 0.004 0.073 0.069 0.069 81.73 82.73 82.73
62.5 0.002 0.215 0.163 0.165 45.85 58.93 58.42
31.25 0.002 0.301 0.259 0.256 24.31 34.87 35.62
15.63 0.002 0.352 0.354 0.341 11.40 10.90 14.17
7.81 0.000 0.382 0.37 0.38 4.02 7.04 4.53
3.91 0.002 0.394 0.398 0.389 1.01 0.00 2.26
1.95 0.001 0.411 0.412 0.403 -3.35 -3.60 -1.34




Data in DPPH assay of OSE-crude

MeOH+DPPH Average
0.356 0.361 0.357 0.358
blank MeoH
0.036 0.035 0.036 0.036
Absorbance
OSE+MeOH Average
1 2 3

1000 0.042 0.047 0.046 0.045

500 0.041 0.042 0.042 0.042

250 0.050 0.040 0.039 0.043

125 0.038 0.039 0.039 0.039

62.5 0.053 0.046 0.037 0.045

31.25 0.037 0.036 0.037 0.037

15.63 0.039 0.038 0.037 0.038

7.81 0.039 0.038 0.039 0.039

391 0.040 0.037 0.037 0.038

1.95 0.037 0.039 0.039 0.038

Conc.EtOH(ug/ml) Absorbance
1 2 3

1000 0.068 0.069 0.073
500 0.065 0.062 0.065
250 0.062 0.065 0.064
125 0.076 0.101 0.102
62.5 0.129 0.170 0.166
31.25 0.203 0.230 0.230
15.63 0.264 0.284 0.237
7.81 0.288 0.317 0.318
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391 0.323 0.335 0.340
1.95 0.338 0.354 0.356
Conc.OSE (OSE+MeOH)- Abs. sample %Inhibition
(ug/ml) (blank MeOH) 1 2 3 1 2 3

1000 0.010 0.063 0.059 0.06 84.07 85.08 84.33
500 0.003 0.061 0.063 0.063 84.58 84.07 84.07
250 0.002 0.065 0.065 0.063 83.65 83.65 84.16
125 0.004 0.073 0.069 0.069 81.73 82.73 82.73
62.5 0.002 0.215 0.163 0.165 45.85 58.93 58.42
31.25 0.002 0.301 0.259 0.256 24.31 34.87 35.62
15.63 0.002 0.352 0.354 0.341 11.40 10.90 14.17
7.81 0.000 0.382 0.37 0.38 4.02 7.04 4.53
3.91 0.002 0.394 0.398 0.389 1.01 0.00 2.26
1.95 0.001 0.411 0.412 0.403 -3.35 -3.60 -1.34
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Data in ABTS assay of OSE-EtOH

MeOH+ABTS Average

0.418 0.416 0.424 0.419

blank MeoH Average

0.037 0.039 0.039 0.038

ABTS Average

0.829 0.844 0.848 0.840

OSE+MeOH Absorbance
Average
(ug/ml) 1 2 3
1000 0.050 0.049 0.048 0.049
500 0.041 0.040 0.040 0.040
250 0.039 0.041 0.040 0.040
125 0.045 0.043 0.040 0.043
62.5 0.038 0.038 0.040 0.039
31.25 0.038 0.038 0.041 0.039
15.63 0.040 0.040 0.039 0.040
7.81 0.039 0.040 0.039 0.039
391 0.040 0.039 0.038 0.039
1.95 0.040 0.041 0.039 0.040
Absorbance
Conc.OSE(ug/ml)
1 2 3

1000 0.045 0.046 0.049

500 0.040 0.041 0.044

250 0.040 0.038 0.037

125 0.084 0.081 0.085

62.5 0.164 0.166 0.166
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31.25 0.271 0.270 0.276

15.63 0.334 0.340 0.340

7.81 0.374 0.375 0.378

3.91 0.396 0.392 0.395

1.95 0.424 0.422 0.426

Conc.OSE (OSE+MeOH)- Abs. sample %Inhibition
(ug/m) (blank MeOH) 1 3 1 2 3

1000 0.012 0.0328 | 0.0338 0.04 92.18 91.94 91.22
500 0.004 0.0365 | 0.0375 0.04 91.30 91.07 90.35
250 0.003 0.0368 | 0.0348 0.03 91.22 91.70 91.94
125 0.006 0.0781 | 0.0751 0.08 81.37 82.08 81.13
62.5 0.002 0.1621 | 0.1641 0.16 61.34 60.86 60.81
31.25 0.002 0.2688 | 0.2678 0.27 35.90 36.14 34.71
15.63 0.003 0.3311 | 0.3371 0.34 21.03 19.60 19.60
7.81 0.003 0.3715 | 0.3725 0.38 11.41 11.18 10.46
3.91 0.002 0.3938 | 0.3898 0.39 6.09 7.04 6.33
1.95 0.003 0.4208 | 0.4188 0.42 -0.35 0.13 -0.83
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Data in ABTS assay of OSE-Crude

MeOH+ABTS Average
0.418 0.416 0.424 0.419
blank MeoH Average
0.037 0.039 0.039 0.038
ABTS Average

0.829 0.844 0.848 0.840

OSE+MeOH Absorbance
Average
(ug/ml) 1 2 3

1000 0.050 0.049 0.048 0.049

500 0.041 0.040 0.040 0.040

250 0.039 0.041 0.040 0.040

125 0.045 0.043 0.040 0.043

62.5 0.038 0.038 0.040 0.039

31.25 0.038 0.038 0.041 0.039

15.63 0.040 0.040 0.039 0.040

7.81 0.039 0.040 0.039 0.039

391 0.040 0.039 0.038 0.039

1.95 0.040 0.041 0.039 0.040

Absorbance
Conc.OSE(ug/ml) Average
1 2 3

1000 0.042 0.043 0.044 0.043
500 0.038 0.041 0.042 0.040
250 0.038 0.038 0.037 0.038
125 0.044 0.044 0.043 0.044
62.5 0.144 0.141 0.142 0.142
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31.25 0.245 0.254 0.250 0.250
15.63 0.320 0.320 0.320 0.320
7.81 0.361 0.367 0.360 0.363
3.91 0.386 0.382 0.389 0.386
1.95 0.404 0.402 0.412 0.406
Conc.OSE (OSE+MeOH)~(blank Abs. sample %Inhibition
(ug/ml) MeOH) 1 2 3 1 2 3
1000 0.012 0.0298 0.0308 0.03 92.89 92.66 92.42
500 0.004 0.0345 0.0375 0.04 91.78 91.07 90.83
250 0.003 0.0348 0.0348 0.03 91.70 91.70 91.94
125 0.006 0.0381 0.0381 0.04 90.91 90.91 91.14
62.5 0.002 0.1421 0.1391 0.14 66.10 66.82 66.58
31.25 0.002 0.2428 0.2518 0.25 42.10 39.95 40.91
15.63 0.003 0.3171 0.3171 0.32 24.37 24.37 24.37
7.81 0.003 0.3585 0.3645 0.36 14.52 13.08 14.75
391 0.002 0.3838 0.3798 0.39 8.47 9.43 7.76
1.95 0.003 0.4008 0.3988 0.41 4.42 4.90 2.51
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In vitro cells base assay

Cytotoxicity test

Percent cells viability in each fraction
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OSE-Hex OSE-DCM OSE-EtOH OSE Mixed fraction
Hela 98.24+0.94 99.02+2.97 95.12+2.00 91.40+1.29 95.06+1.66
HepG2 99.04+0.85 98.63+0.56 83.08+6.96 77.41+4.11 90.51+2.38
MCF-7 99.59+1.71 97.75+1.72 77.89+4.65 62.11+2.81 84.49+3.00
ANOVA
Sum of
Squares df Mean Square F Sig.
Between Groups|] 5018.363 14 358.455 39.919 .000
Within Groups 269.383 30 8.979
Total 5287.747 a4
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
() Conc (J) Conc |Difference (I-J)| Std. Error | Sig.  |Lower Bound |Upper Bound
Hela-Hex HelLa-DCM - 77333 2.44669 | 1.000 -9.7894 8.2427
Hela-EtOH 3.12667 2.44669 991 -5.8894 12.1427
HelLa-crude 6.84667 2.44669 .300 -2.1694 15.8627
Hela-mix 3.19000 2.44669 990 -5.8261 12.2061
HelLa-DCM Hela-Hex 77333 2.44669 | 1.000 -8.2427 9.7894
Hela-EtOH 3.90000 2.44669 947 -5.1161 12.9161
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HelLa-crude 7.62000 2.44669 169 -1.3961 16.6361

HelLa-mix 3.96333 2.44669 941 -5.0527 12.9794

Hela-EtOH HelLa-Hex -3.12667 2.44669 991 -12.1427 5.8894
HelLa-DCM -3.90000 2.44669 947 -12.9161 5.1161

Hela-crude 3.72000 2.44669 .963 -5.2961 12.7361

Hel.a-mix 06333 2.44669 | 1.000 -8.9527 9.0794

Hela-crude  Hela-Hex -6.84667 2.44669 .300 -15.8627 2.1694
HelLa-DCM -7.62000 2.44669 169 -16.6361 1.3961

HelLa-EtOH -3.72000 2.44669 963 -12.7361 5.2961

HelLa-mix -3.65667 2.44669 968 -12.6727 5.3594

HeLa-mix HelLa-Hex -3.19000 2.44669 990 -12.2061 5.8261
HelLa-DCM -3.96333 2.44669 941 -12.9794 5.0527

Hela-EtOH -.06333 2.44669 | 1.000 -9.0794 8.9527

HelLa-crude 3.65667 2.44669 968 -5.3594 12.6727

HepG2-Hex HepG2-DCM 40667 2.44669 | 1.000 -8.6094 9.4227
HepG2-EtOH 1595667 | 2.44669 .000 6.9406 24.9727
HepG2-crude 21.63000 | 2.44669 .000 12.6139 30.6461

HepG2-Mix 8.53333 2.44669 078 -.4827 17.5494

HepG2-DCM  HepG2-Hex -.40667 2.44669 | 1.000 -9.4227 8.6094
HepG2-EtOH 1555000 | 2.44669 .000 6.5339 24.5661
HepG2-crude 21.22333 | 2.44669 .000 12.2073 30.2394

HepG2-Mix 8.12667 2.44669 112 -.8894 17.1427
HepG2-EtOH HepG2-Hex 15.95667 | 2.44669 .000 -24.9727 -6.9406
HepG2-DCM 11555000 | 2.44669 .000 -24.5661 -6.5339
HepG2-crude] 5.67333 2.44669 586 -3.3427 14.6894

HepG2-Mix -7.42333 2.44669 197 -16.4394 1.5927

2163000 | 2.44669 .000 -30.6461 -12.6139

HepG2-crude HepG2-Hex
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HepG2-DCM | 21.22333 | 2.44669 | .000 | -30.2394 | -12.2073
HepG2-EtOH | 567333 | 244669 | 586 | -14.6894 33427
HepG2-Mix | -13.09667 | 2.44669 | 001 | -22.1127 4.0806
HepG2-Mix  HepG2-Hex | -8.53333 | 2.44669 | 078 | -17.5494 4827
HepG2-DcM | 812667 | 244669 | 112 | -17.1427 8894
HepG2-EtOH |  7.42333 | 2.44669 | 197 15927 16.4394
HepG2-crude| 13.09667 | 2.44669 | 001 4.0806 221127
MCF-Hex  MCFDCM | 1.84333 | 2.44669 | 1.000 | -7.1727 10.8594
MCF-EtOH | 2170000 | 2.44669 | .000 12.6839 30.7161
MCF-crude | 37.48000 | 2.44669 | 000 28.4639 46.4961
MCF-Mix | 1510000 | 2.44669 | .000 6.0839 24,1161
MCFDCM  MCF-Hex | -1.84333 | 244669 | 1.000 | -10.8594 7.1727
MCF-EtOH | 19.85667 | 2.44669 | .000 10.8406 28.8727
MCF-crude | 35.63667 | 2.44669 | 000 26.6206 44.6527
MCF-Mix | 1325667 | 244669 | 001 4.2406 222727
MCF-EtOH  MCF-Hex | -21.70000 | 2.44669 | .000 | -30.7161 | -12.6839
MCF-DCM | -19.85667 | 2.44669 | 000 | -28.8727 | -10.8406
MCF-crude | 1578000 | 2.44669 | 000 6.7639 24,7961
MCF-Mix | -6.60000 | 2.44669 | 352 | -15.6161 24161
MCF-crude  MCF-Hex | -37.48000 | 2.44669 | 000 | -46.4961 | -28.4639
MCF-DCM | 3563667 | 244669 | 000 | -44.6527 | -26.6206
MCF-EtOH | -15.78000 | 244669 | 000 | -24.7961 67639
MCF-Mix | 2238000 | 244669 | 000 | 313961 | -13.3639
MCF-Mix  MCF-Hex | -15.10000 | 2.44669 | .000 | -24.1161 6.0839
MCFDCM | -13.25667 | 2.44669 | 001 | -22.2727 4.2406
MCFEtOH | 6.60000 | 2.44669 | .352 24161 15.6161
MCF-crude | 22.38000° | 2.44669 | 000 13.3639 31.3961
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Hela
Concentration %Inhibit SD
25ug/ml 100.04 +1.23
50ug/ml 99.38 +0.29
100ug/ml 98.64 +0.63
250ug/ml 95.75 +1.97
500ug/ml 91.40 +1.29
750ug/ml 88.56 +4.44
1,000ug/ml 83.38 +1.81
Isoquercetin 97.09 +1.70
ANOVA
Sum of
Squares df Mean Square F Sie.
Between Groups|  749.233 7 107.033 26.202 .000
Within Groups 61.274 15 4.085
Total 810.507 22
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc |Difference (I-J))| Std. Error | Sig.  [Lower Bound|Upper Bound
25ug/ml 50 ug/ml .66000 1.65024 | 1.000 -5.1044 6.4244
100 ug/ml 1.40000 1.65024 .987 -4.3644 7.1644




131

250 ug/ml 4.28667 1.65024 .230 -1.4777 10.0510

500 ug/ml 8.64000 1.65024 .002 2.8756 14.4044

750 ug/ml 11.47667 1.65024 .000 57123 17.2410

1,000 ug/ml 16.66000 1.65024 .000 10.8956 22.4244
Isoquercitrin 1.96500 1.84503 .955 -4.4797 8.4097

50 ug/ml 25 ug/ml -.66000 1.65024 [ 1.000 -6.4244 5.1044
100 ug/ml .74000 1.65024 | 1.000 -5.0244 6.5044

250 ug/ml 3.62667 1.65024 404 -2.1377 9.3910

500 ug/ml 7.98000 1.65024 .004 2.2156 13.7444

750 ug/ml 10.81667 1.65024 .000 5.0523 16.5810

1,000 ug/ml 16.00000 1.65024 .000 10.2356 21.7644
Isoquercitrin 1.30500 1.84503 .995 -5.1397 7.7497

100 ug/ml 25 ug/ml -1.40000 1.65024 .987 -7.1644 4.3644
50 ug/ml -.74000 1.65024 | 1.000 -6.5044 5.0244

250 ug/ml 2.88667 1.65024 .659 -2.8777 8.6510

500 ug/ml 7.24000 1.65024 .009 1.4756 13.0044

750 ug/ml 10.07667 1.65024 .000 4.3123 15.8410

1,000 ug/ml 15.26000 1.65024 .000 9.4956 21.0244
Isoquercitrin .56500 1.84503 1.000 -5.8797 7.0097

250 ug/ml 25 ug/ml -4.28667 1.65024 .230 -10.0510 14777
50 ug/ml -3.62667 1.65024 404 -9.3910 2.1377

100 ug/ml -2.88667 1.65024 .659 -8.6510 28777

500 ug/ml 4.35333 1.65024 216 -1.4110 10.1177

750 ug/ml 7.19000 1.65024 .010 1.4256 12.9544

1,000 ug/ml 1237333 1.65024 .000 6.6090 18.1377
Isoquercitrin]  -2.32167 1.84503 .901 -8.7664 4.1231

25 ug/ml -8.64000 1.65024 .002 -14.4044 -2.8756

500 ug/ml
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50 ug/ml -7.98000 1.65024 .004 -13.7444 -2.2156
100 ug/ml -7.24000 1.65024 .009 -13.0044 -1.4756
250 ug/ml -4.35333 1.65024 216 -10.1177 1.4110
750 ug/ml 2.83667 1.65024 677 -2.9277 8.6010
1,000 ug/ml 8.02000 1.65024 .004 2.2556 13.7844
Isoquercitrin -6.67500 1.84503 .040 -13.1197 -.2303
750 ug/ml 25 ug/ml 1147667 | 1.65024 .000 -17.2410 -5.7123
50 ug/ml 10.81667 | 1.65024 .000 -16.5810 -5.0523
100 ug/ml -10.07667 | 1.65024 .000 -15.8410 -4.3123
250 ug/ml -7.19000 1.65024 .010 -12.9544 -1.4256
500 ug/ml -2.83667 1.65024 677 -8.6010 2.9277
1,000 ug/ml] 5.18333 1.65024 .094 -.5810 10.9477
Isoquercitrin 951167 1.84503 .002 -15.9564 -3.0669
1,000 ug/ml 25 ug/ml -16.66000 | 1.65024 .000 -22.4244 -10.8956
50 ug/ml -16.00000 | 1.65024 .000 -21.7644 -10.2356
100 ug/ml 1526000 | 1.65024 .000 -21.0244 -9.4956
250 ug/ml 1237333 | 1.65024 .000 -18.1377 -6.6090
500 ug/ml -8.02000 1.65024 .004 -13.7844 -2.2556
750 ug/ml -5.18333 1.65024 .094 -10.9477 5810
Isoquercitrin 1469500 | 1.84503 .000 -21.1397 -8.2503
Isoquercitrin =~ 25 ug/ml -1.96500 1.84503 .955 -8.4097 a.4797
50 ug/ml -1.30500 1.84503 .995 -7.7497 5.1397
100 ug/ml -.56500 1.84503 | 1.000 -7.0097 5.8797
250 ug/ml 2.32167 1.84503 901 -4.1231 8.7664
500 ug/ml 6.67500 1.84503 .040 .2303 13.1197
750 ug/ml 9.51167 1.84503 .002 3.0669 15.9564
1,000 ug/ml 14.69500 1.84503 .000 8.2503 21.1397
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HepG2
Concentration %Inhibit SD
25ug/ml 101.40 +2.27
50ug/ml 99.19 +0.38
100ug/ml 94.85 +3.29
250ug/ml 84.78 +2.24
500ug/ml 77.41 +4.11
750ug/ml 68.72 +3.21
1,000ug/ml 60.97 +2.26
Isoquercetin 89.38 +1.84
ANOVA
Sum of
Squares df Mean Square F Sig.
Between Groups| 4456.032 7 636.576 89.571 .000
Within Groups 113.712 16 7.107
Total 4569.744 23
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc |Difference (I-J))| Std. Error | Sig.  [Lower Bound|Upper Bound
25 ug/ml 50 ug/ml 2.21000 2.17669 .965 -5.3260 9.7460
100 ug/ml 6.55000 2.17669 114 -.9860 14.0860
250 ug/ml 16.62333 | 2.17669 .000 9.0873 24.1594




134

500 ug/ml 2399333 | 2.17669 .000 16.4573 31.5294
750 ug/ml 3268000 | 2.17669 .000 25.1440 40.2160
1,000 ug/ml 40.43000 | 2.17669 .000 32.8940 47.9660
Isoquercitrin 12.02000 2.17669 .001 4.4840 19.5560
50 ug/ml 25 ug/ml -2.21000 2.17669 .965 -9.7460 5.3260
100 ug/ml 4.34000 2.17669 514 -3.1960 11.8760
250 ug/ml 14.41333 | 2.17669 .000 6.8773 21.9494
500 ug/ml 21.78333 | 2.17669 .000 14.2473 29.3194
750 ug/ml 30.47000 | 2.17669 .000 22.9340 38.0060
1,000 ug/ml 38.22000 | 2.17669 .000 30.6840 45.7560
Isoquercitrin 9.81000 2.17669 .007 2.2740 17.3460
100 ug/ml 25 ug/ml -6.55000 2.17669 114 -14.0860 9860
50 ug/ml -4.34000 2.17669 514 -11.8760 3.1960
250 ug/ml 10.07333 | 2.17669 .005 2.5373 17.6094
500 ug/ml 17.44333 | 2.17669 .000 9.9073 24.9794
750 ug/ml 26.13000 | 2.17669 .000 18.5940 33.6660
1,000 ug/ml 3388000 | 2.17669 .000 26.3440 41.4160
Isoquercitrin] ~ 5.47000 2.17669 257 -2.0660 13.0060
250 ug/ml 25 ug/ml 16.62333 | 2.17669 .000 -24.1594 -9.0873
50 ug/ml -14.41333 | 2.17669 .000 -21.9494 -6.8773
100 ug/ml -10.07333 | 2.17669 .005 -17.6094 -2.5373
500 ug/ml 7.37000 2.17669 .058 -.1660 14.9060
750 ug/ml 16.05667 | 2.17669 .000 8.5206 23.5927
1,000 ug/ml 23.80667 | 2.17669 .000 16.2706 31.3427
Isoquercitrin]  -4.60333 2.17669 446 -12.1394 29327
500 ug/ml 25 ug/ml 2399333 | 2.17669 .000 -31.5294 -16.4573
50 ug/ml 2178333 | 2.17669 .000 -29.3194 -14.2473
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100 ug/ml -17.44333 | 2.17669 .000 -24.9794 -9.9073
250 ug/ml -7.37000 2.17669 .058 -14.9060 1660
750 ug/ml 8.68667 2.17669 .018 1.1506 16.2227
1,000 ug/ml 16.43667 2.17669 .000 8.9006 239727
Isoquercitrin 1197333 | 2.17669 .001 -19.5094 -4.4373
750 ug/ml 25 ug/ml 32.68000 | 2.17669 .000 -40.2160 -25.1440
50 ug/ml 130.47000 | 2.17669 .000 -38.0060 -22.9340
100 ug/ml 26.13000 | 2.17669 .000 -33.6660 -18.5940
250 ug/ml 16.05667 | 2.17669 .000 -23.5927 -8.5206
500 ug/ml 8.68667 2.17669 .018 -16.2227 -1.1506
1,000 ug/ml 7.75000 2.17669 .042 .2140 15.2860
Isoquercitrin -20.66000 | 2.17669 .000 -28.1960 -13.1240
1,000 ug/ml 25 ug/ml 40.43000 | 2.17669 .000 -47.9660 -32.8940
50 ug/ml 3822000 | 2.17669 .000 -45.7560 -30.6840
100 ug/ml 33.88000 | 2.17669 .000 -41.4160 -26.3440
250 ug/ml 23.80667 | 2.17669 .000 -31.3427 -16.2706
500 ug/ml -16.43667 | 2.17669 .000 -23.91271 -8.9006
750 ug/ml 7.75000 2.17669 .042 -15.2860 -.2140
Isoquercitrin 2841000 | 2.17669 .000 -35.9460 -20.8740
Isoquercitrin =~ 25 ug/ml 112.02000 | 2.17669 .001 -19.5560 -4.4840
50 ug/ml -9.81000 2.17669 .007 -17.3460 -2.2740
100 ug/ml -5.47000 2.17669 257 -13.0060 2.0660
250 ug/ml 4.60333 2.17669 446 -2.9327 12.1394
500 ug/ml 11.97333 2.17669 .001 4.4373 19.5094
750 ug/ml 20.66000 2.17669 .000 13.1240 28.1960
1,000 ug/ml 28.41000 2.17669 .000 20.8740 35.9460
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MCF-7
Concentration %Inhibit SD
25ug/ml 98.60 +0.84
50ug/ml 99.9 +2.47
100ug/ml 89.07 +2.09
250ug/ml 78.35 +3.09
500ug/ml 62.11 +2.82
750ug/ml 51.39 +3.78
1,000ug/ml 43.60 +4.13
Isoquercetin 79.99 +3.43
ANOVA
Sum of
Squares df Mean Square F Sig.
Between Groups| 9357.811 7 1336.830 149.187 .000
Within Groups 143.372 16 8.961
Total 9501.183 23
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc |Difference (I-J))| Std. Error | Sig.  [Lower Bound|Upper Bound
25ug/ml 50 ug/ml -1.29667 2.44415 .999 -9.7587 7.1653
100 ug/ml 9.53667 2.44415 022 1.0747 17.9987
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250 ug/ml 20.25667 | 2.44415 .000 11.7947 28.7187

500 ug/ml 36.49333 | 2.44415 .000 28.0313 44.9553

750 ug/ml 4721333 | 2.44415 .000 38.7513 55.6753

1,000 ug/ml 55.00000 | 2.44415 .000 46.5380 63.4620
Isoquercitrin 18.61667 | 2.44415 .000 10.1547 27.0787

50 ug/ml 25 ug/ml 1.29667 2.44415 .999 -7.1653 9.7587
100 ug/ml 10.83333 | 2.44415 .008 23713 19.2953

250 ug/ml 2155333 | 2.44415 .000 13.0913 30.0153

500 ug/ml 37.79000 | 2.44415 .000 29.3280 46.2520

750 ug/ml 4851000 | 2.44415 .000 40.0480 56.9720

1,000 ug/ml 56.29667 | 2.44415 .000 47.8347 64.7587
Isoquercitrin 19.91333 | 2.44415 .000 11.4513 28.3753

100 ug/ml 25 ug/ml 953667 2.44415 .022 -17.9987 -1.0747
50 ug/ml 110.83333 | 2.44415 .008 -19.2953 -2.3713

250 ug/ml 10.72000 | 2.44415 .008 2.2580 19.1820

500 ug/ml 26.95667 | 2.44415 .000 18.4947 35.4187

750 ug/ml 37.67667 | 2.44415 .000 29.2147 46.1387

1,000 ug/ml 4546333 | 2.44415 .000 37.0013 53.9253
Isoquercitrin 9.08000 2.44415 .031 .6180 17.5420

250 ug/ml 25 ug/ml 20.25667 | 2.44415 .000 -28.7187 -11.7947
50 ug/ml 2155333 | 2.44415 .000 -30.0153 -13.0913

100 ug/ml 10.72000 | 2.44415 .008 -19.1820 -2.2580

500 ug/ml 1623667 | 2.44415 .000 7.7747 24.6987

750 ug/ml 26.95667 | 2.44415 .000 18.4947 35.4187

1,000 ug/ml 30.74333 | 2.44415 .000 26.2813 43.2053
Isoquercitrin]  -1.64000 2.44415 997 -10.1020 6.8220

136.49333 | 2.44415 .000 -44.9553 -28.0313

500 ug/ml 25 ug/ml
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50 ug/ml 37.79000 | 2.44415 .000 -46.2520 -29.3280
100 ug/ml 26.95667 | 2.44415 .000 -35.4187 -18.4947
250 ug/ml 16.23667 | 2.44415 .000 -24.6987 S1.7747
750 ug/ml 10.72000 2.44415 .008 2.2580 19.1820
1,000 ug/ml 18.50667 2.44415 .000 10.0447 26.9687
Isoquercitrin 17.87667 | 2.44415 .000 -26.3387 -9.4147
750 ug/ml 25 ug/ml 4721333 | 2.44415 .000 -55.6753 -38.7513
50 ug/ml 4851000 | 2.44415 .000 -56.9720 -40.0480
100 ug/ml 37.67667 | 2.44415 .000 -46.1387 -29.2147
250 ug/ml 2695667 | 2.44415 .000 -35.4187 -18.4947
500 ug/ml -10.72000 | 2.44415 .008 -19.1820 -2.2580
1,000 ug/ml}  7.78667 2.44415 .083 -.6753 16.2487
Isoquercitrin 2859667 | 2.44415 .000 -37.0587 -20.1347
1,000 ug/ml 25 ug/ml 15500000 | 2.44415 .000 -63.4620 -46.5380
50 ug/ml 5629667 | 2.44415 .000 -64.7587 -47.8347
100 ug/ml 4546333 | 2.44415 .000 -53.9253 -37.0013
250 ug/ml 3474333 | 2.44415 .000 -43.2053 -26.2813
500 ug/ml 18.50667 | 2.44415 .000 -26.9687 -10.0447
750 ug/ml -71.78667 2.44415 .083 -16.2487 6753
Isoquercitrin 36.38333 | 2.44415 .000 -44.8453 -27.9213
Isoquercitrin =~ 25 ug/ml 11861667 | 2.44415 .000 -27.0787 -10.1547
50 ug/ml 19.91333 | 2.44415 .000 -28.3753 -11.4513
100 ug/ml -9.08000 2.44415 .031 -17.5420 -.6180
250 ug/ml 1.64000 2.44415 997 -6.8220 10.1020
500 ug/ml 17.87667 2.44415 .000 9.4147 26.3387
750 ug/ml 28.59667 2.44415 .000 20.1347 37.0587
1,000 ug/ml 36.38333 2.44415 .000 27.9213 44.8453




HaCat

Concentration %Inhibit SD
25ug/ml 98.94 +2.24
100ug/ml 99.60 +2.49
250ug/ml 103.34 +4.72
500ug/ml 99.35 +4.79
750ug/ml 106.12 +6.24

1,000ug/ml 93.20 +4.53
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Cell scratch assay

Hela
24 hr. 72 hr
%wound closing SD %wound closing SD
Control 81.50 +7.87 93.73 +2.97
25 ug/ml 28.67 +4.25 46.92 +4.60
100 ug/ml 18.44 +6.14 27.73 +5.25
250 ug/ml 15.77 +5.98 19.48 +4.69
Isoquercitrin 24.64 +3.97 42.95 +3.36
HepG2
24 hr. 72 hr
%wound closing SD %wound closing SD
Control 9.77 +1.83 30.44 +5.59
25 ug/ml 9.71 +4.33 16.97 +1.14
100 ug/ml 8.35 e 15.05 +1.67
250 ug/ml 8.77 +1.56 15.41 +2.18
Isoquercitrin 7.75 +0.38 16.29 +1.74
MCF-7
24 hr. 72 hr
%wound closing SD %wound closing SD
Control 89.70 1.43 98.14 0.94
25 ug/ml 20.80 4.86 53.69 4.25
100 ug/ml 14.51 2.11 22.38 291
250 ug/ml 13.98 2.48 16.80 1.17
Isoquercitrin 14.98 1.69 20.35 0.92




Cell invasion assay
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Concentration Hela HepG2 MCF-7
25 ug/ml 98.01+1.82 89.67+7.31 89.25+6.78
100 ug/ml 87.34+3.54 74.32+5.67 71.46+8.72
250 ug/ml 76.25+4.17 70.12+6.18 60.63+3.80
500 ug/ml 61.73+6.80 67.35+8.42 53.71+7.14
Isoquercitrin 71.43+4.23 74.41+5.79 81.06+8.26
Hela
ANOVA
Sum of
Squares df Mean Square F Sig.
Between Groups] 3473.047 5 694.609 42.872 .000
Within Groups 194.422 12 16.202
Total 3667.468 17
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc |Difference (I-J))| Std. Error | Sig.  [Lower Bound|Upper Bound
control 25 ug/ml 1.23000 3.28652 .999 -9.8092 12.2692
100 ug/ml 1320000 | 3.28652 016 2.1608 24.2392
250 ug/ml 2238667 | 3.28652 .000 11.3475 33.4258
1000 ug/ml 3834000 | 3.28652 .000 27.3008 49.3792
Isoquercitrin 28.01667 | 3.28652 .000 16.9775 39.0558
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25 ug/ml control -1.23000 3.28652 .999 -12.2692 9.8092
100 ug/ml 11.97000 | 3.28652 031 .9308 23.0092

250 ug/ml 21.15667 | 3.28652 .000 10.1175 32.1958

1000 ug/ml 37.11000 | 3.28652 .000 26.0708 48.1492

Isoquercitrin 26.78667 | 3.28652 .000 15.7475 37.8258

100 ug/ml control -13.20000 | 3.28652 016 -24.2392 -2.1608
25 ug/ml -11.97000 | 3.28652 031 -23.0092 -.9308

250 ug/ml 9.18667 3.28652 126 -1.8525 20.2258

1000 ug/mt 25.14000 | 3.28652 .000 14.1008 36.1792

Isoquercitrin 14.81667 | 3.28652 .007 3.7775 25.8558
250 ug/ml control 2238667 | 3.28652 .000 -33.4258 -11.3475
25 ug/ml 21.15667 | 3.28652 .000 -32.1958 -10.1175

100 ug/ml -9.18667 3.28652 126 -20.2258 1.8525

1000 ug/mt 1595333 | 3.28652 .004 4.9142 26.9925

Isoquercitrin] ~ 5.63000 3.28652 .549 -5.4092 16.6692
1000 ug/ml  control 13830000 | 3.28652 .000 -49.3792 -27.3008
25 ug/ml -37.11000 | 3.28652 .000 -48.1492 -26.0708
100 ug/ml -25.14000 | 3.28652 .000 -36.1792 -14.1008

250 ug/ml -15.95333 | 3.28652 .004 -26.9925 -4.9142

Isoquercitrin] -10.32333 | 3.28652 072 -21.3625 7158
Isoquercitrin  control —28.01667* 3.28652 .000 -39.0558 -16.9775
25 ug/ml 2678667 | 3.28652 .000 -37.8258 -15.7475

100 ug/ml 14.81667 | 3.28652 .007 -25.8558 -3.7775

250 ug/ml -5.63000 3.28652 .549 -16.6692 5.4092

1000 ug/ml ] 10.32333 3.28652 072 -.7158 21.3625

*. The mean difference is significant at the 0.05

level.
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HepG2
ANOVA
Sum of
Squares df Mean Square F Sig.
Between Groups] 2211.633 5 442.327 11.503 .000
Within Groups 461.450 12 38.454
Total 2673.084 17
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc [Difference (I-J))| Std. Error|  Sig.  |Lower Bound|Upper Bound
control 25 ug/ml 10.67333 5.06321 .345 -6.3336 27.6803
100 ug/ml 25.81000 | 5.06321 .003 8.8031 42.8169
250 ug/ml 27.78333 | 5.06321 .001 10.7764 44.7903
1000 ug/ml 3167667 | 5.06321 .000 14.6697 48.6836
Isoquercitrin 20.42333 | 5.06321 .004 7.4164 41.4303
25 ug/ml control -10.67333 | 5.06321 .345 -27.6803 6.3336
100 ug/ml 15.13667 5.06321 .092 -1.8703 32.1436
250 ug/ml 17.11000 | 5.06321 .048 1031 34.1169
1000 ug/ml 21.00333 | 5.06321 013 3.9964 38.0103
Isoquercitrin]  13.75000 5.06321 .143 -3.2569 30.7569
100 ug/ml control 2581000 | 5.06321 .003 -42.8169 -8.8031
25 ug/ml -15.13667 | 5.06321 092 -32.1436 1.8703
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250 ug/ml 1.97333 5.06321 .999 -15.0336 18.9803

1000 ug/mt 5.86667 5.06321 .848 -11.1403 22.8736

Isoquercitrin]  -1.38667 5.06321 1.000 -18.3936 15.6203

250 ug/ml control 2778333 | 5.06321 .001 -44.7903 -10.7764
25 ug/ml -17.11000 | 5.06321 .048 -34.1169 -.1031

100 ug/ml -1.97333 5.06321 .999 -18.9803 15.0336

1000 ug/ml 3.89333 5.06321 .968 -13.1136 20.9003

Isoquercitrin]  -3.36000 5.06321 .983 -20.3669 13.6469

1000 ug/ml  control 3167667 | 5.06321 .000 -48.6836 -14.6697
25 ug/ml -21.00333 | 5.06321 013 -38.0103 -3.9964

100 ug/ml -5.86667 5.06321 .848 -22.8736 11.1403

250 ug/ml -3.89333 5.06321 .968 -20.9003 13.1136

Isoquercitrin]  -7.25333 5.06321 .709 -24.2603 9.7536

Isoquercitrin -~ control —24.42333* 5.06321 .004 -41.4303 -7.4164
25 ug/ml -13.75000 | 5.06321 .143 -30.7569 3.2569

100 ug/ml 1.38667 5.06321 1.000 -15.6203 18.3936

250 ug/ml 3.36000 5.06321 .983 -13.6469 20.3669

1000 ug/ml 7.25333 5.06321 .709 -9.7536 24.2603

*. The mean difference is significant at the 0.05

level.
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MCF-7
ANOVA
Sum of
Squares df Mean Square F Sig.
Between Groups| 4566.308 5 913.262 27.074 .000
Within Groups 404.778 12 33.732
Total 4971.086 17
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc [Difference (I-J))| Std. Error|  Sig.  |Lower Bound|Upper Bound

control 25 ug/ml 10.28000 4.74212 318 -5.6484 26.2084
100 ug/ml 27.95333 | 4.74212 .001 12.0249 43.8817

250 ug/ml 3041667 | 4.74212 .000 23.4883 55.3451

1000 ug/mt 4572333 | 4.74212 .000 29.7949 61.6517

Isoquercitrin 1820000 | 4.74212 022 2.2716 34.1284

25 ug/ml control -10.28000 | 4.74212 318 -26.2084 5.6484
100 ug/ml 17.67333 | 4.74212 027 1.7449 33.6017

250 ug/ml 29.13667 | 4.74212 .001 13.2083 45.0651

1000 ug/ml 3544333 | 4.74212 .000 19.5149 51.3717

Isoquercitrin] ~ 7.92000 4.74212 573 -8.0084 23.8484

100 ug/ml control 2795333 | 4.74212 .001 -043.8817 -12.0249
25 ug/ml 1767333 | 4.74212 .027 -33.6017 -1.7449
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250 ug/ml 11.46333 4.74212 224 -4.4651 27.3917

1000 ug/mt 17.77000 | 4.74212 026 1.8416 33.6984

Isoquercitrin]  -9.75333 4.74212 .368 -25.6817 6.1751
250 ug/ml control 39.41667 | 4.74212 .000 -55.3451 -23.4883
25 ug/ml 29.13667 | 4.74212 .001 -45.0651 -13.2083

100 ug/ml | -11.46333 [ 4.74212 224 -27.3917 4.4651

1000 ug/ml 6.30667 4.74212 764 -9.6217 22.2351

Isoquercitrin 2121667 | 4.74212 .008 -37.1451 -5.2883
1000 ug/ml  control 4572333 | 4.74212 .000 -61.6517 -29.7949
25 ug/ml -35.44333 | 4.74212 .000 -51.3717 -19.5149

100 ug/ml 17.77000 | 4.74212 026 -33.6984 -1.8416

250 ug/ml -6.30667 4.74212 764 -22.2351 9.6217
Isoquercitrin —27.52333* 4.74212 .001 -43.4517 -11.5949

Isoquercitrin -~ control —18.20000* 4.74212 .022 -34.1284 -2.2716
25 ug/ml -7.92000 4.74212 573 -23.8484 8.0084

100 ug/ml 9.75333 4.74212 .368 -6.1751 25.6817

250 ug/ml 2121667 | 4.74212 .008 5.2883 37.1451

1000 ug/ml 2752333 | 4.74212 .001 11.5949 43.4517

*. The mean difference is significant at the 0.05

level.




Antiangiogenesis

VEGF inhibition (pg/ml)
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Control 100 ug/ml 250 ug/ml 500 ug/ml

Isoquercitrin

24 hrs 125.96+7.14 | 128.19+51.24 | 113.47+£17.46 | 92.26+14.5

121.76+23.91

Hela
48 hrs 240.41+14.67 | 184.48+7.14 141.15+2.79 141.89+4.84 168.26+14.18
Hela 24 hrs
ANOVA
inhibit
Sum of
Souares of Mean Sguare F Sig.
Between Groups 3013.083 4 T83.271 1.002 451
Within Groups TE17.143 10 751.714
Total 10530.226 14




Multiple Comparisons
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inhibit
Tubkey HID
95% Confidence Interval
Mean
Difference (-

{1 Cope L Cone 1) St Error Sin. Lower Bound | Upper Bound

control 100 uglml -2.220327 | 2238622 1.000 -T5.84971 T1.4827
250 ugimi 12962096 | 2238622 AT5 -60.F119 86,6370
500 ugfmi 3370370 | 2238822 A8 -39.9712 107.3786
Isoguercitrin -4.27037 | 2238622 1.000 -77.9453 £9.4045

100 ugirml control 222222 | 2238622 1.000 -71.44527 75,8971
250 ugiml 1518519 | 22386822 BaT -a8.48497 aa.860
500 ugrmi 35.925093 | 2238822 Rl -37.74490 108.6008
lsoguercitrin -2.04815 | 2238622 1.000 -TA.7230 716267

250 ugfm control -12.96296 | 22.38822 Rl -86.6379 B0.F118
100 uglml -16.18519 | 22386822 887 -88.8601 a8.48497
500 ugiml 2074074 | 2238822 880 -52.9341 G4 41456
Isoguercitrin -17. 23333 | 22.38R22 934 -90.9082 a6.4416

500 ugfml control -33TF0370 | 2238822 581 -107.3786 399712
100 ugim -35.92593 | 22.38822 526 -109.6008 ar.r440
250 ugrmi -20.TA074 | 2238822 820 -94 4156 529341
lsoquercitrin -37.97407 | 2238822 AFT -111.64590 35,7008

Isoguercitrin control 427037 | 2238622 1.000 -69.4045 TT7.94453
100 uglml 204815 | 2238622 1.000 -T1.6267 TAT230
250 ugrmi 17.23333 | 2238822 834 -56. 4416 Q90,9082
500 ugiml AT.A740F | 22.38R22 AFT -35. 7008 111.6490




Hela 48 hrs
ANOVA
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Sum of
Squares df Mean Square F Sig.
Between Groups] 20630.433 a4 5157.608 51.771 .000
Within Groups 996.242 10 99.624
Total 21626.675 14
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
() Conc (J) Conc [Difference (I-J)| Std. Error |  Sig.  |[Lower Bound|Upper Bound

control 100 ug/ml 5592593 | 8.14961 .000 29.1049 82.7470
250 ug/ml 99.25926 | 8.14961 .000 72.4382 126.0803

500 ug/ml 98.51852* 8.14961 .000 71.6975 125.3395

Isoquercitrin 82.20741* 8.14961 .000 55.3864 109.0284

100 ug/ml control 5592593 | 8.14961 .000 -82.7470 -29.1049
250 ug/ml 4333333 | 8.14961 .002 16.5123 70.1544

500 ug/ml 42.59259* 8.14961 .003 15.7716 69.4136

Isoquercitrin]  26.28148 8.14961 .055 -.5395 53.1025

250 ug/ml control —99.25926* 8.14961 .000 -126.0803 -72.4382
100 ug/ml —43.33333* 8.14961 .002 -70.1544 -16.5123

500 ug/ml -.74074 8.14961 1.000 -27.5618 26.0803

Isoquercitrin] -17.05185 8.14961 294 -43.8729 9.7692

500 ug/ml control —98.51852* 8.14961 .000 -125.3395 -71.6975
100 ug/ml —42.59259* 8.14961 .003 -69.4136 -15.7716
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250 ug/ml 74074 8.14961 1.000 -26.0803 27.5618
Isoquercitrin] -16.31111 8.14961 331 -43.1321 10.5099
Isoquercitrin -~ control 8220741 | 8.14961 .000 -109.0284 -55.3864
100 ug/ml | -26.28148 | 8.14961 .055 -53.1025 5395
250 ug/ml 17.05185 8.14961 294 -9.7692 43.8729
500 ug/ml 16.31111 8.14961 331 -10.5099 43.1321
*. The mean difference is significant at the 0.05
level.
Control 100 ug/ml 250 ug/ml 500 ug/ml Isoquercitrin
24 hrs | 253.74+6.12 | 233.74+5.48 | 178.56+10.72 | 158.56+27.31 | 193.61+£19.04
rept2 48 hrs [ 543.37+23.74 | 278.93£3.91 | 267.81+9.45 | 190.41+8.98 | 263.24+8.16




HepG2 24 hrs

ANOVA
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Sum of
Squares df Mean Square F Sig.
Between Groups|] 18501.056 a4 4625.264 18.711 .000
Within Groups 2471.947 10 247.195
Total 20973.003 14
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc [Difference (I-J))| Std. Error| ~ Sig.  |Lower Bound|Upper Bound

control 100 ug/ml 20.00000 |12.83731 | .552 -22.2486 62.2486
250 ug/ml 75.18519 | 12.83731| .001 32.9366 117.4338

500 ug/ml 95.18519 | 12.83731| .000 52.9366 137.4338

Isoquercitrin 59.54074* 12.83731 .006 17.2921 101.7894

100 ug/ml control -20.00000 | 12.83731 | .552 -62.2486 22.2486
250 ug/ml 55.18519 | 12.83731| .011 12.9366 97.4338

500 ug/ml 7518519 | 12.83731| .001 32.9366 117.4338

Isoquercitrin]  39.54074 | 12.83731| .069 -2.7079 81.7894

250 ug/ml control 75.18519 | 12.83731| .001 -117.4338 -32.9366
100 ug/ml 55.18519 | 12.83731| .011 -97.4338 -12.9366

500 ug/ml 20.00000 |12.83731 | .552 -22.2486 62.2486

Isoquercitrin] -15.64444 | 12.83731 | .742 -57.8931 26.6042
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500 ug/ml control 9518519 | 12.83731| .000 -137.4338 -52.9366
100 ug/ml 75.18519 | 12.83731| .001 -117.4338 -32.9366
250 ug/ml | -20.00000 |12.83731| .552 -62.2486 22.2486
Isoquercitrin] -35.64444 | 12.83731| .110 -77.8931 6.6042
Isoquercitrin - control —59.54074* 12.83731 .006 -101.7894 -17.2921
100 ug/ml | -39.54074 |[12.83731| .069 -81.7894 2.7079
250 ug/ml 15.64444 | 12.83731 | .742 -26.6042 57.8931
500 ug/ml 35.64444 | 12.83731| .110 -6.6042 77.8931
*. The mean difference is significant at the 0.05
level.
HepG2 48 hrs
ANOVA
inhibit
Sum of
Squares df Mean Square |F Sie.
Between Groups| 290116.567 q 72529.142 | 232.771 .000
Within Groups 3115.906 10 311.591
Total 293232.473 14
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc [Difference (I-J)|Std. Error |Sig. Lower Bound |Upper Bound
control 100 ug/ml 309.62963 | 14.41274| 000 262.1961 357.0631
250 ug/ml 364.81481 |14.41274| .000 317.3813 412.2483
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500 ug/ml 384.81481 | 14.41274| .000 337.3813 432.2483

Isoquercitrin 279.40370 | 14.41274| .000 231.9702 326.8372

100 ug/ml control 1309.62963 | 14.41274 | 000 -357.0631 -262.1961
250 ug/ml 5518519 | 14.41274| .022 7.7517 102.6187

500 ug/ml 7518519 | 14.41274| 003 27.7517 122.6187

Isoquercitrin] -30.22593 | 14.41274 | .292 -77.6594 17.2076
250 ug/ml control 364.81481 | 14.41274 | .000 -412.2483 -317.3813
100 ug/ml 5518519 | 14.41274| 022 -102.6187 -1.7517

500 ug/ml 20.00000 |14.41274 | .648 -27.4335 67.4335

Isoquercitrin —85.41111* 14.41274 .001 -132.8446 -37.9776
500 ug/ml control -384.81481 | 14.41274| .000 -432.2483 -337.3813
100 ug/ml 75.18519 | 14.41274| .003 -122.6187 -27.7517

250 ug/ml | -20.00000 |14.41274| .648 -67.4335 27.4335

Isoquercitrin 105.41111° | 14.41274 | 000 -152.8446 -57.9776
Isoquercitrin  control —279.40370* 14.41274 .000 -326.8372 -231.9702
100 ug/ml 30.22593 | 14.41274 | .292 -17.2076 77.6594

250 ug/ml 8541111 |14.41274| 001 379776 132.8446

500 ug/ml 10541111 |14.41274 | 000 5719776 152.8446

*. The mean difference is significant at the 0.05

level.
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Control 100 ug/ml 250 ug/ml 500 ug/ml Isoquercitrin
24 hrs | 205.96+21.92 | 193.74+57.42 | 157.44+46.20 | 129.3+9.86 164.92+21.83
M 48 hrs | 302.26+12.64 | 225.89+15.75 | 145.22+11.76 | 137.81+11.56 | 178.48+15.62
MCF-7 24 hrs
ANOVA
Sum of
Squares df Mean Square Sig.
Between Groups] 11015.252 a4 2753.813 2.143 .150
Within Groups | 12850.542 10 1285.054
Total 23865.795 14
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc |Difference (I-))| Std. Error|  Sig.  |Lower Bound [Upper Bound
control 100 ug/ml 12.22222 | 29.26949 | .993 -84.1061 108.5505
250 ug/ml 48.51852 129.26949 | .498 -47.8098 144.8468
500 ug/ml 76.66667 |29.26949 | .140 -19.6616 172.9949
Isoquercitrin]  38.01630 | 29.26949 | .698 -58.3120 134.3446
100 ug/ml control -12.22222 29.26949 | 993 -108.5505 84.1061
250 ug/ml 36.29630 [29.26949 | .730 -60.0320 132.6246
500 ug/ml 64.44444  |29.26949 [ .254 -31.8838 160.7727
Isoquercitrin]  25.79407 | 29.26949 | .897 -70.5342 122.1224
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250 ug/ml control -48.51852 |29.26949 | .498 -144.8468 47.8098
100 ug/ml | -36.29630 [29.26949 | .730 -132.6246 60.0320

500 ug/ml 28.14815 129.26949 | .866 -68.1801 124.4764

Isoquercitrin] -10.50222 | 29.26949 | .996 -106.8305 85.8261

500 ug/ml control -16.66667 |29.26949 | .140 -172.9949 19.6616
100 ug/ml | -64.44444 [ 29.26949 | .254 -160.7727 31.8838

250 ug/ml | -28.14815 |29.26949 | .866 -124.4764 68.1801

Isoquercitrin] -38.65037 | 29.26949 | .686 -134.9787 57.6779
Isoquercitrin - control -38.01630 |29.26949 | .698 -134.3446 58.3120
100 ug/ml | -25.79407 [29.26949 | .897 -122.1224 70.5342

250 ug/ml 10.50222 | 29.26949 | .996 -85.8261 106.8305

500 ug/ml 38.65037 [29.26949 | .686 -57.6779 134.9787

MCF-7 48 hrs
ANOVA
inhibit
Sum of
Squares df Mean Square F Sig.
Between Groups| 61286.732 4 15321.683 | 103.394 .000
Within Groups 1481.870 10 148.187
Total 62768.602 14




Multiple Comparisons
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Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc [Difference (I-J)|Std. Error |Sig. Lower Bound [Upper Bound

control 100 ug/ml 50.37037 | 9.93938 .003 17.6590 83.0817
250 ug/ml 157.03704* 9.93938 .000 124.3257 189.7484

500 ug/ml 164.44444* 9.93938 .000 131.7331 197.1558
Isoquercitrin 12373593 | 9.93938 .000 91.0246 156.4472

100 ug/ml control 50.37037 | 9.93938 .003 -83.0817 -17.6590
250 ug/ml 106.66667* 9.93938 .000 73.9553 139.3780
500 ug/ml 114.07407* 9.93938 .000 81.3628 146.7854
Isoquercitrin 73.36556* 9.93938 .000 40.6542 106.0769
250 ug/ml control 15703704 | 9.93938 .000 -189.7484 -124.3257
100 ug/ml 110666667 | 9.93938 .000 -139.3780 -73.9553

500 ug/ml 7.40741 9.93938 .940 -25.3039 40.1187

Isoquercitrin —33.30111* 9.93938 .046 -66.0124 -.5898
500 ug/ml control 164.44444 | 9.93938 .000 -197.1558 -131.7331
100 ug/ml 114.07407 | 9.93938 .000 -146.7854 -81.3628

250 ug/ml -7.40741 9.93938 .940 -40.1187 25.3039

Isoquercitrin —40.70852* 9.93938 .014 -73.4198 -7.9972
Isoquercitrin -~ control —123.73593* 9.93938 .000 -156.4472 -91.0246
100 ug/ml -73.36556* 9.93938 .000 -106.0769 -40.6542

250 ug/ml 33.30111* 9.93938 .046 .5898 66.0124

500 ug/ml 40.70852* 9.93938 .014 7.9972 73.4198

*. The mean difference is significant at the 0.05

level.
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Okra seed loaded polymeric micelles cytotoxicity

Micelle blank Okra seed micelle Okra seed micelle

Hela 101.27+2.42 91.40+1.29 85.57+1.54

Hep G2 101.80+2.52 77.41+4.11 65.01£2.17

MCF-7 99.72+1.03 62.11+£2.81 55.22+4.87

ANOVA
Sum of
Squares df Mean Square F Sie.
Between Groups] 7802.722 8 975.340 124.068 .000
Within Groups 141.504 18 7.861
Total 7944.226 26
Multiple Comparisons
Tukey HSD
Mean 95% Confidence Interval
(I) Conc (J) Conc Difference (I-J)| Std. Error [ Sig.  [Lower Bound|Upper Bound

HelLa Mi blank Hela Crude 9.87333* 2.28930 .010 1.8519 17.8947
Hela Mi OSE 15.69667 | 2.28930 .000 7.6753 23.7181
Hela Crude  Hela Miblank | -9.87333 2.28930 .010 -17.8947 -1.8519
HelLa Mi OSE 5.82333 2.28930 275 -2.1981 13.8447
Hela Mi OSE  Hela Mi blank —15.69667* 2.28930 .000 -23.7181 -7.6753
Hela Crude -5.82333 2.28930 275 -13.8447 2.1981
HepG2 Mi HepG2 Crude 24.39333* 2.28930 .000 16.3719 32.4147
blank HepG2 Mi OSE | 36.79667 | 2.28930 | .000 28.7753 44.8181
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HepG2 Crude HepG2 Mi

2439333 | 2.28930 .000 -32.4147 -16.3719
blank
HepG2 Mi OSE 12.40333 | 2.28930 .001 4.3819 20.4247
HepG2 Mi OSE HepG2 Mi .
-36.79667 2.28930 .000 -44.8181 -28.7753
blank
HepG2 Crude 112.40333 | 2.28930 .001 -20.4247 -4.3819
MCF Mi blank MCF crude 37.61333 | 2.28930 .000 29.5919 45.6347
MCF Mi OSE 44.49667 | 2.28930 .000 36.4753 52.5181
MCF crude MCF Miblank | -37.61333 | 2.28930 .000 -45.6347 -29.5919
MCF Mi OSE 6.88333 2.28930 127 -1.1381 14.9047
MCF Mi OSE  MCF Miblank | -44.49667 | 2.28930 .000 -52.5181 -36.4753
MCF crude -6.88333 2.28930 127 -14.9047 1.1381

*. The mean difference is significant at the 0.05 level.
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