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ABSTRACT

Curcuma purpurascens Bl. is a medicinal plant from the Zingiberaceae family,
which is widely used as a spice and in folk medicine for the treatment of wounds, scabies,
itching, fever, cough and boil. In this study, chemopreventive properties of
dichloromethane and hexane extracts of C. purpurascens Bl rhizome (DECPR and
HECPR) on azoxymethane-induced colonic aberrant crypt foci (ACF), gastroprotective
and wound healing potential in rats were been evaluated. The acute toxicity test of
DECPR and HECPR in rats, carried out in two doses, i.e. 2 and 5 g/kg, showed that these
two plant extracts were safe even at a high dose (5 g/kg). DECPR apoptosis-inducing
effect was investigated against HT-29 colon cancer cell line utilising a bioassay-guided
approach. The chemoprotective experiment was performed in five groups of rats: negative
control, positive cancer control, DECPR (250, 500 mg/kg) and reference drug (5-
fluorouracil) group. Methylene blue staining of colon specimens showed that treatment
with of DECPR at both doses significantly reduced the colonic ACF formation compared
with the positive cancer control group. Immunohistochemistry analysis showed down-
regulation of PCNA and Bcl-2 proteins and up-regulation of Bax protein after
administration of DECPR compared with the positive cancer control group. In addition,
an increase in the levels of enzymatic antioxidants and a decrease in the malondialdehyde
(MDA) level of the colon tissue homogenates were observed, suggesting the suppression
of lipid peroxidation levels. These findings substantiate the usage of Curcuma

purpurascens Bl. in ethno- medicine against cancer.

For wound healing experiment Sprague Dawley rats were randomly divided into
four groups: vehicle control, HECPR (100-200 mg/ml), and positive control with

excisional wound



Created on the neck area. Wounds were topically dressed twice a day with HECPR
for 20 days. On the 20th day, animals were sacrificed and immunohistochemical and
histological processes including Hematoxylin & Eosin and Masson Trichrome stains were
carried out. The antioxidant activity, namely catalase, glutathione peroxidase and
superoxide dismutase, and MDA were measured in wound tissue homogenate.
Macroscopic and microscopic analysis of wounds demonstrated a significant wound
healing activity shown by HECPR at two doses (100-200 mg/ml). Treatment of wounds
with HECPR caused significant surge in antioxidant activity and decrease in the MDA
level of wound tissues compared with positive control. The immunohistochemical
evaluation revealed conspicuous up-regulation of Hsp70 in treated wounds with HECPR,
suggesting that the anti-inflammatory effect of HECPR. Furthermore, HECPR exhibited

a promising wound healing potential towards excisional wound models in rats.

The gastroprotective effect of hexane extract of HECPR was investigated against
ethanol-induced gastric injury models in rats. The antiulcer study in rats (five groups,
n=6) was performed with two doses of HECPR (200 and 400 mg/kg) and with omeprazole
(20 mg/kg), as a standard antiulcer drug. Gross and histological features showed the
antiulcerogenic characterizations of HECPR. There was significant suppression on the
ulcer lesion index of rats pretreated with HECPR, which was comparable to the
omeprazole effect. Oral administration of HECPR to rats resulted in a significant increase
in the level of nitric oxide and antioxidant activity, including catalase, glutathione, and
superoxide dismutase associated with attenuation in gastric acidity, and compensatory
effect on the loss of gastric wall mucus. In addition, pretreatment of rats with HECPR
caused significant reduction in the level of MDA (a marker for oxidative stress), which is
associated with an increase in prostaglandin E2 activity. Immunohistochemical staining
also demonstrated that HECPR induced the down-regulation of Bax and up-regulation of

Hsp70 proteins after pretreatment. Collectively, the present results suggest that HECPR



has promising antiulcer potential, which could be attributed to its suppressive effect
against oxidative damage and preservative effect toward gastric wall mucus. The current
study suggests that Curcuma purpuracsens Bl. Extracts are safe and have anti-cancer
activity, cancer prevention, significant gastroprotective activity and excision wound-

healing potential.



ABSTRAK

Curcuma purpurascens Bl adalah tumbuhan ubatan daripada famili Zingiberaceae
yang digunakan secara meluas sebagai bahan rempah dan perubatan tradisional. Dalam
kajian ini, ciri-ciri pencegahan kimia oleh ekstrak diklorometin dan heksana bagi rizom
C. purpurascens Bl (DECPR dan HECPR) ke atas crypt foci kolon yang tidak normal
yang diransang oleh azoxymetin (ACF), keupayaan gastro dan penyembuhan luka pada
tikus telah dinilai. Ujian toksisiti akut terhadap DECPR dan HECPR pada tikus telah
dijalankan dengan dua dos iaitu 2 and 5 g/kg, yang mana, ia menunjukkan bahawa ekstrak
ini selamat digunakan, walaupun pada dos yang lebih tinggi daripada 5 g/kg. Kesan
DECPR untuk merangsang apoptosis telah disiasat terhadap titisan sel kanser kolon HT-
29 dengan menggunakan pendekatan berpandukan bioasai. Eksperimen ini telah
dibahagikan kepada lima kumpulan tikus: kawalan negatif, kawalan kanser, DECPR (250,
500 mg/kg), dan kawalan positif (5-fluorouracil). Pewarnaan biru metilin ke atas
spesimen kolorektal menunjukkan bahawa aplikasi DECPR pada kedua-dua dos
berkurang secara signifikan bagi pembentukan ACF koloni berbanding dengan kumpulan
kawalan kanser. Analisis immunohistokima menunjukkan pengawalaturan-rendah bagi
protein-protein PCNA dan Bcl-2 dan pengawalturan-tinggi bagi protein Bax selepas
pemberian DECPR berbanding dengan kumpulan kawalan kanser. Tambahan pula,
peningkatan aras enzim antioksida dan penurunan aras malondialdehyde (MDA) ke atas
tisu homegenat kolon mencadangkan berlakunya penindasan aras protein lipid
peroksidasi. Penemuan ini menyokong penggunaan Curcuma purpurascens Bl dalam

perubatan etho menentang kanser.

Tikus Sprague Dawley telah dibahagikan secara rawak kepada empat kumpulan:
kawalan negatif, HECPR (100-200 mg/ml), dan kawalan positif dengan pemotongan luka
tercipta pada kawasan leher. Luka-luka dirawat secara luaran dua kali untuk sehari selama

20 hari. Pada hari ke-20, haiwan-haiwan telah dikorbankan dan penilaian
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imunohistokimia dan histologi termasuklah pewarnaan Hematoxylin & Eosin dan
Masson Trichrome telah diproses. Aktiviti-aktiviti antioksidan seperti katalase, perosidasi
glutathione dan superoksida dismutase, dan MDA telah diukur pada homegenat tisu luka.
Analisis makroskopik dan mikroskopik bagi luka-luka menunjukkan aktiviti luka
penyembuhan yang signifikan ditunjukkan oleh HECPR. Rawatan ke atas luka dengan
krim mengandungi HECPR telah menyebabkan peningkatan aktiviti antioksidan dan
penurunan aras MDA secara signifikan bagi tisu-tisu luka berbanding dengan kawalan
negatif. Penilaian imunohistokimia mendedahkan pengawalaturan-tinggi yang ketara ke
atas HECPR. HECPR mempamerkan keupayaan penyembuhan luka yang baik ke atas

model pemotongan luka pada tikus.

Kesan pencegahan gastro telah disiasat menggunakan ekstrak etil asetat HECPR
terhadap model kecederaan gastrik teransang etanol pada tikus. Kajian antiulser pada
tikus (lima kumpulan, n=6) telah dipersembahkan dengan dua dos HECPR (200 dan 400
mg/kg) dan dengan omeprazole (20 mg/kg), sebagai dadah piawai antiulser. Ciri-ciri
kasar dan histologi menunjukkan pencirian antiulserogenik ke atas HECPR. Terdapat
penindasan yang signifikan bagi indeks ulser ke atas tikus yang dipra-rawat dengan
HECPR, di mana ia setanding dengan kesan omeprazole. Pemberian HECPR secara oral
kepada tikus-tikus menyebabkan peningkatan signifikan aras nitrik oksida dan aktiviti-
aktiviti antioksidan, termasuklah katalase, glutathione, dan superoksida dismutase yang
dikaitkan dengan pengurangan asiditi gastrik dan kesan penggantian ke atas kehilangan
mukus dinding gastrik. Sebagai tambahan, prarawatan pada tikus-tikus dengan HECPR
menyebabkan penurunan signifikan aras MDA (penanda bagi tekanan oksidatif) yang
dikaitkan dengan peningkatan aktiviti prostaglandin E2. Pewarnaan imunohistokimia
juga menunjukkan bahawa HECPR telah meransang pengawalturan-rendah bagi protein
Bax dan pengawalaturan rendah bagi protein Hsp70 selepas prarawatan. Secara

pengumpulan, keputusan-keputusan terkini mencadangkan bahawa HECPR mempunyai
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keupayaan antiulser yang baik, yang mana mungkin penyebab kepada kesan penindasan
terhadap kerosakan oksidatif dan kesan pemeliharaan ke arah mukus dinding gastrik.
Kajian ini menunjukkan ekstrak Curcuma purpurascens Bl. adalah selamat digunakan
dan menunjukkan aktiviti anti-kanser, pelindung system pencernaan yang signifikan dan

berportensi untuk menyembuhkan luka luaran.
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CHAPTER 1: INTRODUCTION

1.1 Cancer

Cancers are recognized by increased mass of cells in a tissue (tumour), which
occur due to gene abnormalities that change subsequent pathways or products. These
changes influence cell properties to cancerous type. A malignant cancer is however
defined as an invasive and metastatic disease with uncontrolled cell proliferation, which
is, differentiated from benign condition with self-limited status (non-invasive or

metastatic) (Beahrs & Henson, 1992).

1.2 Colon Cancer

Colorectal cancer includes all cancers that originate from the cecum to the anus and it can
be subdivided to colon cancer, which ranges from caecum to the sigmoid (approximately
15 cm above the anal verge) and rectal cancer that ranges from the recto-sigmoid to the
anus (Vainio et al., 2003). Colon cancer is the main cause of cancer-related deaths and
morbidity in the USA and other parts of the world (Moghadamtousi et al., 2015b). A high
incidence of colon cancer has been shown in the Western industrialized countries.
Colorectal cancer is the third most common cause of cancer deaths in Malaysia.
Malaysian Ministry of Health confirms an increase in colorectal cancer admission rates
from 8.1% in 1995 to 11.9% in 2014. Previous studies highlighted dietary factors as the
main etiology for colorectal cancer (Kushi et al., 2002). Similar to other cancers,
colorectal cancer occurs when changes exist due to several genes, which in turn, alter the
regulatory pathway, in which cancerous cells are not able to perform the normal functions.
Additionally, the cancerous changes are specific to the tumor development and are
potentially considered as an indicator of specific stages due to histological changes (Ebert

et al., 2005) (Figure 1.1).



It is confirmed that the risk of colorectal cancer increases in patients with inflammatory
bowel disease (Danese & Mantovani., 2010), and therefore inflammation is commonly
considered as the primary cause of colorectal cancer. Patients with chronic inflammatory
bowel disease possibly express a higher incidence for colorectal cancer. For instance,
Crohn’s disease and Ulcerative colitis are the two most common inflammatory bowel

diseases that leads to high incidence of colon cancer (Li et al., 2008).

FA
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APC gene K-ras DCC gene p53 Others
mutation mutation mutation  mutation

. . —> Carcinoma —3= Metastasis
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Figure 1.1: Colorectal cancer occurs in a multi-step process.

(Corpet & Tache, 2002)

Apparently, surgical excision is the best option to treat colon cancer, however,
many patients who have undergone therapeutic resection, develop tumor recurrences,
thus, other approaches to prevent and treat cancer are required. There is a great
opportunity to prevent colon cancer in a stepwise process, because it takes 5-20 years
from initiation to adenoma formation stage, and another 5-15 years until an invasive stage
begins. It is worth noting that the risk factors and symptoms of colorectal cancer

subdivisions are identical but the overall treatment strategy is different.



Azoxymethane (AOM) and its precursor compound, dimethyl hydrazine, are
alkylating agents. They bind to methyl or alkyl groups of guanine (G) residues in DNA
structure causing G to adenine (A) transition mutations and consequently DNA mutation
occur (Dipple, 1995).

Aberrant crypt foci (ACF) are putative pre-neoplastic lesions of colon found in both
animals models and humans (Cheng & Lai 2003). The ACF function as intermediate
biomarkers to rapidly assess the chemopreventive potential of several agents like
naturally occurring agents against colon cancer (Corpet & Tache, 2002). These lesions
are hyper proliferative, which are located in human colon and they are carcinogen-treated
laboratory creatures that share common features with colon tumors (Corpet & Taché,
2002).

Additionally, the ACF are alleged to be precursors of colon cancers and colonic
carcinogenesis biomarkers (Takayama et al., 1998). The ACF are monoclonal collection
of strange crypts that are always formed in reaction to carcinogen exposure in a dose-
dependent manner (Bird, 1987). The crypt progenitor cells develop apoptosis within 6-8
hours of post exposure to AOM in response to DNA damage. Progenitor cells that avoid
apoptosis then begin a proliferative response after 48—72 hours (Hirose et al., 1996). It
seems that these aberrant crypts foci are formed as monoclonals (Hirose et al., 1996) and

are developed by a process of incomplete crypt fissioning (Siu et al., 1999).

1.3 Gastric Ulcer

Gastric ulcer is one of the most common diseases, which is defined as localized breaches
of the gastric tissues that shows tissue destruction to the depth of the muscolaris mucosa
(Tarnawski et al., 2001).

Gastric ulcer is one of the most broadly distributed, severe and chronic diseases in the
world. For instance, about 10% of the Western world’s population express gastric ulcer

disease (Barkun & Leontiadis, 2010). In Asia and in the South Pacific regions, gastric



ulcer was diagnosed in about 11.5% of the population (Scott et al., 2013). Additionally,
gastric ulcer is considered as a major reason of morbidity and healthcare costs, due to
stress, alcohol consumption, nutritional deficiencies, usage of many drugs such as non-
steroidal anti-inflammatory drugs like aspirin and indomethacin that cause gastric ulcer
in the long-term (Fattaha & Abdel-Rahman, 2000).

There are some Medicines like antacids, Hz-antagonists and proton pump inhibitor (PPI)
to treat gastric ulcer. The Ho- antagonists and PPIs like omeprazole, ranitidine and
famotidine currently function as gastric acid secretion inhibitors. It should be noted that
all of these drugs show side effects, namely, diarrhea, hypercalcemia (which can lead to
kidney failure), kidney stones, and osteoporosis (Widenhouse et al., 2002). Antacids are
not sufficient to prevent and heal gastric ulcer; therefore, they are seldom used as anti-
ulcer medicine (Eid et al.,, 2010). The stomach is continuously exposed to many
potentially harmful agents. Pepsin and hydrochloric acid are considered as endogenous
factors to mainly threaten the gastric mucosa (Widenhouse et al., 2002). The reflux of
alkaline duodenal containing pancreatic enzymes with bile as endogenous factors
additionally harms the stomach (Li, et al., 2007). As severe exogenous factors, cigarette
smoking, drugs specially steroids, aspirin, and non-steroidal anti-inflammatory drugs
(NSAIDs) cause mucosal excitations and therefore cause mucosal injury to happen. The
presence of certain agents in the gastric mucosal defense line efficiently enables the
stomach to protect itself against the excited factors. The mucus and bicarbonate that is
excreted through the surface of epithelial cells, prostaglandins, and gastric mucosal blood
flow are important to maintain the gastric mucosal safety (Bansal et al., 2011).

The gastric mucus is able to trap bacteria and excrete it in feces. Additionally, the gastric
mucus is able to reduce mucosal damage, which is caused by bacteria and immunocytes
because it contains antioxidant activity (Grisham et al., 1987). Eicosanoids bioactive

lipids including prostaglandins, leukotrienes, and thromboxanes are important in gastric



physiology. Prostaglandins regularly inhibit secretion of gastric acid and preserve of
mucosal blood flow (Wallace & McKnight, 1990).

Transforming growth factor (TGF-B) and epidermal growth factor (EGF) are known to
potentially maintain integrity of gastric mucosal. The first one mainly functions as a
mediator in interactions of epithelial cells and regulates proliferation, inflammation, and
tissue repair in the human gastrointestinal tract. The expression of TGF-f increases after
acute epithelial injury and in inflammatory bowel disease (Qiao et al., 2006).

Generation and scavenge of free radical is usually balanced in the body. There are two
main factors to confront free radicals in the physiological defense system; known as
endogenous enzyme systems, such as superoxide dismutase, catalase, glutathione
reductase, and coenzyme Q, and exogenous factors, such as vitamin C, vitamin E,
selenium, and B-carotene. All the above-mentioned molecules mainly function as an
antioxidant to fight against oxidative stress because they are able to convert reactive
oxygen species (ROS) into stable and harmless compounds or scavenge ROS with a
redox-based mechanism (Brambilla et al., 2008). The scavenge and overall regulation of
ROS levels to maintain the physiological homeostasis are done through enzymatic and
non-enzymatic antioxidant protection systems, namely, catalase (CAT), superoxide
dismutase (SOD), and glutathione peroxide (GPx). An increased concentration of
alteration metal (Fe/Cu) ions, ischemia-reperfusion, or drug metabolism generates ROS
and suppresses the cellular antioxidant defense leading to an oxidative stress (Verma et
al., 2013).

Recently, people have turned to traditional medicine to treat diseases with medicinal
plants, these medicinal plants have been shown to produce secondary metabolites, such
as flavonoids, alkaloids, terpenoids, tannins, and other compounds which can protect the
body against a variety of diseases. Furthermore, many medications have originated from

plants. For instance, taxol as an anticancer drug is extracted from the Yew tree



(Slichenmyer & Von Hoff, 1991), artemisinin as an antimalarial drug is extracted from
Artemisia annua leaves and carbenoxolone has been used as an antiulcer drug, and it is
extracted from Glycyrrhiza glabra. Therefore, researchers are interested to use natural
compounds from plants in order to investigate new medications that can treat gastric ulcer
more effectively with less side effects and also natural compounds are more safer,

cheaper, and more accessible than synthetic compounds (Borrelli & 1zzo, 2000).

1.4 Wound Healing

An open wound is defined as a type of damage, in which the skin is cut, torn, or ruptured
whereas a closed wound occurs with blunt force trauma to the skin that results in
contusion. From a pathology point of view, wound is specifically referred to as a sharp
injury that harms the dermis of the skin (Acconcia et al., 2006). There are many kinds of
acute skin wounds including incision wounds, damages of incomplete thickness, and
wounds without special tissue. Dissimilar wounds have a diverse phase process to heal,
but the phases still remain the same (Monaco & Lawrence 2003). The process of wound
healing is composed of a series of events, which happens in a precisely controlled way
and is different from wound to wound. There is some overlap in the phases of the wound
process. To make it accurate and clear, there are five phases of hemostasis, namely,
inflammation, cellular migration and proliferation, protein synthesis and wound
contraction, and finally remodeling phase. The process of wound healing involves the
activity of a complex network of blood cells, tissues, growth factors, and cytokines, which
overall increases cellular activity and subsequently raise metabolic demand for nutrients.
It seems that nutritional deficit disrupts the healing process of the wound, which indicates
that several nutritional agents that necessarily repair the wound is likely improve the
healing time and tissue repair. For instance, vitamin A is necessary to form epithelial and
bone tissues, in addition to immune function. Vitamin C is also essential for collagen

formation, as a tissue antioxidant, and affects immune function. Another example is



vitamin E, which is the principal lipid soluble antioxidant found in the skin (Simon et al.,
2000). Excess ROS result in the killing of fibroblasts and skin lipids will be less flexible.
Because of these, the general role of antioxidant seem to be significant in the effective
treatment and management of wounds. Antioxidants diminish these adversative effects of
wounds through eliminating products of inflammation (Houghton et al., 2005). In the
mechanism of antioxidant defense, the extracts or compounds directly interact with
hydrogen peroxide instead of changing the cell membranes and controlling damage.
Compounds offer a broad capacity to scavenge radicals in order to improve the wound-
healing process, thus researchers attempt to explore the use of natural products in order
to treat the wound. Some possible signals for cell expulsion in tissue repair during process
of wound healing have been suggested, however, it is necessary to study the mechanism
of cell death during the process. Those cells involved in each phase of wound die through
one of the three possible mechanisms as follows: emigration, necrosis, and apoptosis
(Houghton et al., 2005). The Bcl-2 family proteins for instance, either promote or prohibit
apoptosis and eighteen proteins of the Bcl-2 family have been so far determined to affect
the apoptosis pathway. The proteins of BAX, Bad, and Bak are known as pro-apoptotic
proteins, whereas Bcl-2 and Bcl-x| are anti-apoptotic proteins. Apoptosis mainly
functions to synchronize the cell population that rapidly changes and are

involved in the process of tissues healing. In the majority of wounds, proliferation
controls the increased speed of the wound closure, and it can lead to pathologic tissue

repair if the balance between increase and decrease in cellular numbers is lost.

1.5 Hypothesis of the Research

The present study might offer important facts in order to solve the existing problems to
treat human colon cancer in Malaysia. It is expected that DECPR will affect colon cancer
cells through the induction of apoptosis without damaging normal colon cells. The

hypothesis is that the mechanism of the extracts as anti-cancer is via the induction of



apoptosis through either cellular mitochondria signalling or extrinsic signalling pathways.
The present research hypothesized that DECPR possess cytotoxic effect on one human
colon cancer cell line HT29 and an anti-proliferative effect on AOM-induced colon
cancer in rat. In addition the purpose of this study was to determine the role of hexane
extract of C.purpurascens rhizome (HECPR) on the gastroprotective ability of ethanol-

induced gastric ulcers and wound healing in rats.

1.6 Objectives of the Study

1.6.1 General Objectives

The main objective of this study is to evaluate the chemoprotective effects of
C.purpurascens rhizome dichloromethane extract DECPR against AOM-induced
aberrant crypt foci using rats as the experimental model and to investigate the effects of
C.purpurascens rhizome hexane extract HECPR on gastroprotective and wound healing

activities.

1.6.2 Specific Objectives

1. To investigate the antioxidant activity (DPPH and FRAP assays), total phenolic
and total flavonoid contents in vitro.

2. To investigate the acute toxicity of DECPR and HECPR and the effects of these
extracts on the liver and kidney functions.

3. To determine the in vitro cytotoxicity of the DECPR on HT29 cells.

4. To investigate the chemoprotective effect of DECPR against AOM-induced
aberrant crypts foci (ACF) in rats and to study the mechanism of action.

5. To evaluate the gastroprotective ability of HECPR ethanol-induced gastric ulcers
in rats.

6. To evaluate the wound healing potential of HECPR against on experimental rats

grossly and histologically.



CHAPTER 2: LITERATURE REVIEW

2.1 Colorectal Cancer

Colorectal cancer is the most common gastrointestinal cancer worldwide.
Colorectal cancer is also referred to as colon cancer or large bowel cancer, and it includes
cancerous growths in colon, rectum, and appendix. Colorectal cancer is the fourth leading
cause of cancer death worldwide (Yusoff et al., 2012) and the incidence of colon cancer
is increasing in many countries (Béjar et al., 2012) including the Asian regions (Sung et
al., 2005). Nonetheless, about 60% of the diagnosed cases were from the developed
countries. It is estimated that about 1.23 million new cases worldwide were clinically
diagnosed with colorectal cancer in 2008, out of which, about 608,000 people died (Ferlay
et al., 2010). In Malaysia, colorectal cancer is the third most common cancer among
females and the most common cancer among males with the majority of patients aged
above 50 years old. Colorectal cancer also causes the highest number of hospital
discharge due to neoplasm related problems (Yusoff et al., 2012).

Early diagnosis of colorectal cancer can decrease mortality level and incidence of
malignant neoplasm (Pignone et al., 2002). Mortality can be decreased through screening
of faecal occult blood test (FOBT), sigmoidoscopy, and colonoscopy (Walsh &
Terdiman, 2003), thus, many countries have prepared guidelines to add colorectal cancer
screening in the national screening programme (Power et al., 2009), however, the
screening program still seem slow in many countries, even in the developed countries.
The Asia Pacific consensus has suggested colorectal cancer screening for people aged 50
years old and above in the Asian regions (Sung et al., 2008). In Malaysia, the guidelines
to screen colorectal cancer were firstly introduced in 2001 (Yusoff et al., 2012), and it
suggested an annual screening of individuals with average risk of colorectal cancer using
FOBT. Nonetheless, there are available information on screening of cervical cancer and

breast cancer but not of colorectal cancer in Malaysia. The uptake of Pap smear for



cervical cancer is only 26% while uptake for mammography in breast cancer is only 3.8%
(Lim, 2002), therefore, the uptake of colorectal cancer screening is expected to be lower
than cervical cancer, which therefore is the likely reason for why most of colorectal cancer

patients presented late, when patients are already in an advanced stage (Goh et al., 2005).

2.1.1 Signs and Symptoms of Colorectal Cancer

Location of tumor in the bowel determines the signs, symptoms and level of
spreading (metastasis) of colorectal cancer in the body. There are typical warning signs
for colorectal cancer in people over 50 years old as follows: worsening constipation,
blood in the stool, weight loss, fever, loss of appetite, nausea and vomiting. Among these
symptoms, rectal bleeding or anemia are classified as high-risk symptoms in people aged
50 years and above (Astin et al., 2011) while other common symptoms such as weight
loss and change in bowel function can be noticed if associated with blood (Adelstein et
al., 2011a).

It is often possible to cure those cancers that are restricted within the colon wall
with surgery while those cancers that widely spreads around the body is usually not
curable and therefore, medical management has to focus on chemotherapy and improving

quality of patients’ life.

2.1.2 Cause of Colorectal Cancer

Most colorectal cancer cases occur due to lifestyles and due to age factor and only
in a few cases are associated with genetic disorders. Colorectal cancer generally begins
in the bowl lining and if left untreated, it can move into the muscle layers underneath to
grow, and then through the bowel wall. In order to reduce the death caused by colorectal
cancer, screening program is effective and recommended at age of 50 and should be
continued until age of 75. Colonoscopy or sigmoidoscopy are usually used to diagnose

localized bowel cancer.
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There are some risk factors for colon cancer such as age, male gender, high intake
of fat, alcohol or red meat, obesity, smoking, and lack of physical exercise. More than 75-
95% of colon cancer cases happen in people with little or no genetic risk (Watson &
Collins, 2011) and about 10% of the cases are related to insufficient activity (Lee et al.,
2012). In addition the intake of alcohol of more than one drink per day appears to be a

risk factor for the disease (Fedirko et al., 2011).

2.1.3 Inflammatory bowel disease

Ulcerative colitis and Crohn’s disease are referred to as inflammatory bowel
disease, and these conditions have been shown to increase the risk of colon cancer (Jawad
et al., 2011). The greater the risk, the longer a patient has the disease (Xie & ltzkowitz,
2008) with worse severity of inflammation (Triantafillidis et al., 2009). Colonoscopy and
aspirin are suggested to prevent these high risk cases (Xie & Itzkowitz, 2008).
Inflammatory bowel disease cases annually have been shown to be a causal factor in less
than 2% of the colon cancer cases. About 2% of people with Crohn's disease are at risk
of colorectal cancer after having been exposed to the condition for 10 years, 8% after 20
years, and 18% after 30 years. In ulcerative colitis cases, about 16% present either as
colon cancer or contributes as a cancer precursor over a period of 30 years (Triantafillidis

et al., 2009).

2.1.4 Diagnosis

Colonoscopy or sigmoidoscopy are usually used to diagnose colorectal cancer,
histopathology for tumor biopsy is another way of diagnosis. A computerized tomography
(CT) scan is then used to determine the severity of the disease from chest, abdomen, and
pelvis. In certain cases, other potential imaging tests such as positron emission
tomography (PET) and magnetic resonance imaging (MRI) can also be used. In order to

determine the level of spread of the tumor, involvement of lymph nodes, and

11



determination of the number of metastasis, colon cancer staging is then performed using

classification of malignant tumors system (Wargovich et al., 2010).

Early detection is significant to improve the chance of survival for colon, rectal,
or other cancers in long-term. For instance, a 5-year survival rate of > 90% was reported
for colorectal cancer patients who were treated at an early stage but with a drop to 64% if
the cancer has spread to adjacent organs and with a decrease to < 10% if the cancer moves
to distant organs, such as liver and lungs (Wargovich et al., 2010).

Screening tests at early detection considerably improve the survival rates and it
provides an "early warning system" for individuals with no symptoms or one or more
symptoms. Previous studies showed that identification of intermediate biomarkers help
to recognize very early stages of cancer development before an obvious tumor is formed.
Progression of cancer lesion can be reversed or significantly slowed down with a proper
intervention. Aberrant crypt foci, is considered as a promising candidate for an

intermediate biomarker in colon cancer (Wargovich et al., 2010).

2.1.5 Pathology of Colorectal Cancer

The analysis of colon tissue by a biopsy or surgery aids to determine the pathology
of the colorectal tumor. Type and grade of the colorectal cells are described in a pathology
report. There are three types of cells involved in colorectal cancer, known as
adenocarcinoma as the most common colon cancer cell type , making up 95% of the cases,

lymphoma and squamous cell carcinoma as the other two rare types.

The appearance of colon in colorectal cancer is different in the two sides of the
tissue. Colorectal cancer on the ascending colon and cecum (right side) seems to be
exophytic and the tumour grows outwards from one location in the bowel wall, which
rarely causes obstruction of feces with symptoms such as anemia. The tumor of the left

side, however, is circumferential and can obstruct the bowel like a napkin ring.
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As a malignant epithelial tumor, adenocarcinoma originates from glandular
epithelium of the colorectal mucosa and then invades the wall, infiltrates the muscularis
mucosae, the submucosa, and the muscularis propria. Tumor cells present irregular
tubular structures, having pluristratification with multiple lumens and reduced stroma
("back to back™ aspect). They are sometimes discohesive and secrete mucus, and attacks
the interstitium thereby producing a lot of mucus/colloid (optically "empty" spaces).
Mucinous (colloid) adenocarcinoma is poorly differentiated. If the mucus exists inside
the tumor cell, it pushes the nucleus to the periphery, making the cells like a signet-ring
shape. Adenocarcinoma may develop three degrees of differentiation, namely, well,
moderately, and poorly differentiated, depending on glandular architecture, cellular

pleomorphism, and mucosecretion of the predominant pattern (Figure 2.1).

Cyclooxygenase-2 enzyme (COX-2) is not usually found in healthy colon tissue,
but since it is assumed to promote abnormal cell growth, most colorectal cancer tumors

are positive for COX-2.

Figure 2.1: Histology of colon tissue stained with H&E stain
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2.1.6 Aberrant Crypt Foci (ACF)

Bird (1987) first discovered aberrant crypt foci (ACF) and reported the role of
ACF to understand the pathogenesis of colon cancer. Later Corpet and Tache (2002)
treated mice with the carcinogen azoxymethane (AOM) and induced the growth of
colonic crypts. They observed the crypts showed larger, thicker, and darker staining than
the normal crypts when visualized with methylene blue. In another study by Wargovich
et al (2010), the use of ACF was mentioned as a biomarker. They described ACF as a
case for inclusion as a biomarker for colon cancer and studied the detection, gene

abnormalities, and clinical usefulness of ACF (Wargovich et al., 2010).

Aberrant crypts clusters were also detected in the surrounding normal colonic
mucosa of patients with colon cancer in 1991, which raised from the normal mucosal
surface of the colon (Pretlow et al., 1991). The intestinal and colonic cells present a rapid
turnover under normal conditions and therefore, it is assumed that aberrant crypts

replicate at the same rate, if not faster than normal crypts. (Wargovich et al., 2010).

Many factors can affect the abovementioned inconsistency, namely, significant
differences in sampling methods and analysis, and differences in proliferation of colonic
epithelial cell (Jass et al., 2003). The replication of aberrant crypt is basically identical to
that of normal crypts and the process begins at the bottom of the crypt, pushing cells
upward and outwards in order to make new colonic crypts and to fill up the cells in the
original crypt. This process is called budding and branching, known as crypt fission,
forming larger size of foci over time (Fujimitsu et al., 1996). The crypt fission is found in

different bowel diseases with varying rates (Figure 2.2).
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Figure 2.2: Sequential pathological stages and molecular events in colon

cancer (Corpt 2002)

The ACF are usually visible at a magnification of 40x under a dissection
microscope. Previous researches significantly described the main histopathological
signatures of ACF, however, categorizing them seems very controversial (Gupta et al.,
2009; Gupta et al., 2007). The ACF microscopically are categorized into dysplastic ACF
and non-dysplastic ACF, which often harbor serrated hyperplastic ACF (Wargovich et
al., 2010). The incidence of macroscopic tumors, colon cancers, colon adenomas, and
adenocarcinomas induced by a chemical carcinogen was the gold standard endpoint to
carry out chemoprevention in rodents before 1990. These standard endpoints are

obviously relevant to cancer, however, there are three main disadvantages as follows:

1- A tumor needs a long time usually 5-8 months to develop.

2- Histology is required to confirm each tumor and this is time-consuming and

costly.
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3- Each animal provides little information for the study since each rat for instance
has either no tumor or a tumor, therefore large groups of rats are required to carry out
statistical analysis, usually 30 rats or more per each study group.

With regard to all these disadvantages, the ACF seems to have benefit as endpoint
chemoprotective screening biomarkers since (i) all colon carcinogens can induce ACF in
a dose- and species-dependant manner; (ii) modulators of colon carcinogenesis can
modify the number and growth of ACF and the tumor outcome was predicted in many
rodent studies; (iii) the ACF is correlated with risk of colon cancer, and size and number
of adenoma in humans; (iv) from morphology and genotype point of views, the ACF were
similar in human and animal colons, and many changes are similar in ACF and tumors;
(v) some ACF show dysplasia and carcinoma in rodents and humans (Corpet & Taché,

2002).

Taken together, the ACF is therefore used as a preliminary endpoint in colon
cancer chemoprevention studies, because it presents a simple and economical solution for
preliminary screening of potential chemopreventive agents, allowing to quantitatively

assess mechanisms of colon carcinogenesis.

2.1.7 Azoxymethane AOM

Azoxymethane (methyl-methylimino-oxidoazanium) is the oxide form of
azoxymethane with molecular formula of C2HeN20 and the chemical structure is shown
in Figure 2.3. Azoxymethane is a carcinogenic and neurotoxic chemical, which is widely
used in biological research, and is especially effective to induce colon carcinomas (Corpet
& Taché, 2002).In addition to water solublity in water, azoxymethane is sensitive to long

exposure to air and high temperatures.
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Figure 2.3: Chemical structure of azoxymethane (methyl-methylimino-

oxidoazanium)

Previous researchers have used azoxymethane (methyl-methylimino-
oxidoazanium) to induce foci of aberrant crypts in rats (Adler, 2005; Velmurugan et al.,
2008). In a study on Zingiber zerumbet, for instance, the chemoprevention effect of
zerunbone was explored using azoxymethane to induce aberrant crypt foci in male F344
rats. The ACF was induced by subcutaneous injections of AOM for two weeks in the rats
(15 mg/kg body weight). The effects of zerumbone was assessed on cell proliferation and
therefore silver-stained nucleolar organizer regions protein (AgNORs) in colonic cryptal
cell nuclei was counted (Corpet & Tache, 2002).

Challa induced aberrant crypt foci with AOM and studied the effect of phytic acid
and green tea to explore interactive suppression of the ACF (Challa et al., 1997).
Magnuson carried out extensive research to study the increased susceptibility of adult rats
to AOM-induced aberrant crypt foci (Magnuson et al., 2000). Verghese used dietary
insulin and studied the suppression of AOM-induced ACF using dietary insulin (Verghese
etal., 2002).

Azoxymethane is generally used to induce colon cancer with specific induction
pattern similar to the pathogenesis of human sporadic colon cancer. The azoxymethane
has been widely used to study the molecular biology, prevention, and treatment of colon

cancer. From AOM carcinogenesis point of view, AOM is metabolised to
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methylazoxymethanol by cytochrome P450 2E1 (CYP2EL) after administration, and it
subsequently causes DNA mutations. Mutation of K-ras initiates the activation of the
pathway, its downstream PI3K/Akt pathway, and mitogen-activated protein Kkinase
(MAPK) pathway (Chen & weng, 2009b). Mutation of B-catenin prevents degradation by
GSK-3 and therefore the subsequent accumulation causes cell proliferation, while

transforming growth factor beta (TGFp) as a pro-apoptotic protein is also inhibited.

2.1.7.1 Metabolism of AOM in Colon Cancer

Azoxymethane does not directly interact with DNA and therefore it has to be
activated in vivo during carcinogenesis. Azoxymethane is specifically metabolised by
CYP2E1 isoform which belongs to cytochrome P450. In the first step, the hydroxylation
of the methyl group of AOM occurs to form methylazoxymethanol (MAM), which then
breaks down into formaldehyde and probably also into methyldiazonium, which is known
to be a highly reactive alkylating species. Chemical alteration eventually causes
alkylation of DNA guanine to O6-MEG and O4-methylthymine (Chen & Huang, 2009b).
These mutations can then cause tumorigenesis via various key genes in intracellular signal
pathways. The inhibition of CYP2E1 was reported to prevent chemical carcinogenesis,
for instance through disulfiram, an agent used for avoidance therapy in alcohol abuse. In
CYP2E1 knockout mice, O6-MEG formation and colon polyp numbers are reduced in

response to AOM treatment (Chen & Huang, 2009b).

2.1.7.2 Mechanisms of AOM in Colon Cancer

Many activation pathways have been discovered to be involved in the mechanism
of AOM-induced colon cancer (Figure 2.4), namely, K-ras, B-catenin, and TGEFp,
however, there is no unity to explain the mechanism of this model. K-ras is a small G-
protein, which regulates both MAPK and PI3K/Akt intracellular signal pathways that

subsequently regulate cell growth, proliferation, and glucose metabolism. K-ras plays a
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key role in the carcinogenesis of colon cancer. Azoxymethane is reported to cause a K-
ras gene transversion mutation from G: C to A: T at codon 12 deriving from O6-methyI-
deoxyguanine adducts that changes glycine to aspartic acid, which then causes the
activation of the K-ras protein.

AOM

O

\ \ f/

% }

Apoptosis I Cell Cycle

CYPZEL AMAM

L

PI3RS ARt

S

Figure 2.4: Azoxymethane (AOM) involvement in the mechanism of colon

cancer (Chen & Huang 2009b)

Both pathways have important roles in the carcinogenesis of many types of
cancers such as human colon cancer. pEGFR, pAkt, and pMAPK are elevated in colon
tumours in comparison with normal colon tissue. The PI3K/AKkt pathway is important in
colon cancer and about 20% of patients show PIK3CA mutations. The activation of

PI3K/Akt can cause an increase in cell survival pathways via phosphorylation of
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downstream targets, including NFxB, and Bcl-xI. PI3K/ Akt also stops p53 and the
forkhead/Fas-ligand to reduce apoptosis (Messersmith et al., 2005).

PI3K/AKkt deactivates glycogen synthase kinase 3 (GSK3) and activate cyclin D1
and c-myc to increase cell proliferation in the cell cycle pathway. PI3K/Akt also activates
the mammalian target of rapamycin (mTOR), a conserved Ser/Thr kinase to elevate cell
size. The increased level of mTOR activity in the AOM model has not been explored.
COX2 was reported to be involved in the carcinogenesis of AOM in the downstream of
PI3K/Akt. The activated Ras initiates stimulation of serine/threonine-selective protein
kinase, known as Raf kinase, which is an oncogene. The encoded protein has regulatory
and kinase domains. Ras binds to CR1 in gulatoryregion and phosphorylates CR2, which
has serine/threonine in the structure. Subsequently, the CR3 in the kinase region is
activated, and this in turn activates MAPK and ERK kinase. MAPK and ERK initiates
carcinogenesis through target proteins like c-myc, CREB, RSK, Mcl1, p16, Rb, and
cyclins. Inhibition of the abovementioned pathways were reported to cause cancer cell
death (Messersmith et al., 2005).

Overexpression of cell cycle promoters such as cyclin D1 might be involved in
the AOM model. For instance, Cdk4 was discovered in the early stages in the AOM
cancer-induced colon in mice.

B-catenin is an oncogenic protein, which is involved in cell adhesion and
associates with cadherin or a-catenin to interact with the actin cytoskeleton. Free form of
[-catenin is a co-transcriptional activator of genes in the Wnt signal pathway, which
associates with the scaffolding proteins such as axin and Apc and is phosphorylated by
GSK-3p, resulting in degradation by the proteasome (Messersmith et al., 2005). The N-
terminus of [-catenin is sometimes mutated, therefore it cannot form the complex and
thus would be degraded. The level of free B-catenin is increased which then binds to the

T-cell factor/lymphoid enhancer factor TCF/LEF to form a complex, then activating gene
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transcription and cell proliferation through targeting c-myc and cyclinD1 genes, as well-
known carcinogens. Azoxymethane causes mutations at codons 33 and 41 of B-catenin,
that codes for serine and threonine residues targeting for GSK-3p phosphorylation. This
mutation causes accumulation of -catenin for the carcinogenesis. Previous researches
have shown that AOM treatment increases both -catenin and cyclin D (Chen & Huang,
2009a).

Isoforms 1, 2, and 3 of transforming growth factor-p (TGFp) inhibits cell growth,
proliferation, and cell cycle progression indicating an anti-tumour effect. About 20-30%
of colon cancer patients have shown defects in TGFp signalling, in which the activity of
the TGFP pathway is reduced after AOM treatment, mediating AOM-induced colon
cancer. Previous researches indicated a decrease in the active form of TGFf in AOM-
treated mice (Chen & Huang, 2009a). The TGF-B induces apoptosis via many signalling
pathways. Firstly, transforming growth factor p (TGFpB) forms dimers and then binds to
the type 2 receptor. The associated complex then phosphorylates the type 1 receptor,
which in turn phosphorylates R-SMAD (receptor-regulated SMADS) to induce apoptosis.
Secondly, the activated type 2 receptor binds to death associated protein 6 to cause
apoptosis. Third, TGFp inhibits phosphorylation of p85 subunit of PI3K/Akt activated by
Granulocyte-macrophage colony-stimulating factor (GM-CSF) in many myeloid
leukemia cell lines, such as MV4-11, TF-1, and TF-1a (Chen & Huang, 2009a).

There are some significant markers in development of colorectal cancer via
adenoma-carcinoma as follows: loss or mutation of APC gene which changes normal
epithelium into hyper-proliferative epithelium and DNA methylation is responsible for
the alteration of hyper-proliferative epithelium into early adenoma. Mutation of K-ras
gene and loss of DCC causes early adenoma into dysplastic adenoma and loss of p53
function subsequently causes carcinoma. Despite the fact that adenoma-carcinoma

concept is well established, not all adenomas will transform into carcinomas because
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many may regress (Sillars-Hardebol et al., 2010). As a matter of fact, genetic alterations
rather than order of a preferred sequence is basically responsible to determine the
properties of tumor (Vogelstein et al., 1988).

Azoxymethane, PhIP, and other relevant heterocyclic amines can cause ACF in
rats within a few weeks. The ACF assay is a quick method to screen compounds to
effectively inhibit the development of colon cancer, and many other promising candidates
for chemoprevention including plant extracts.

As previously mentioned, the development of colorectal cancer is dependent on
several lifestyle factors as well as genetic factors, which together affect the digestive tract.
Therefore, it is interesting for many researchers to identify when a normal colonic
epithelium alters to a neoplastic, hyperplastic, or dysplastic form, as an early indicator of
colon cancer. The ACF seems to be a colon cancer precursor and size and numbers of
ACEF are directly correlated with risk of developing colon cancer (Wargovich et al., 2010).

5-Fluorouracil (5-FU) is widely used as an anticancer drug to especially treat
colon cancer, breast cancer, and head and neck cancer since 1957 (Grem, 2000). 5-FU is
a heterocyclic aromatic organic compound similar to pyrimidine molecules of DNA and
RNA. The 5-FU is an analogue of uracil with a fluorine atom at the C-5 position instead
of hydrogen (Figure 2.5) (Rutman et al., 1954). Previous studies reported only one crystal
structure for pure 5-FU that crystallizes with four molecules in the asymmetric unit
showing a hydrogen-bonded sheet structure (Hulme et al., 2005). The 5-FU can interfere
with nucleoside metabolism and thus is incorporated into RNA and DNA, causing

cytotoxicity and cell death (Noordhuis et al., 2004).

2.1.8 Mechanism of Action of 5-Flurouracil

Fluorouracil (5-FU) (trade name Adrucil among others) a medication which is
used in the treatment of cancer. It is a suicide inhibitor and works through irreversible

inhibition of thymidylate synthase. It belongs to the family of drugs called the
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antimetabolites. It is also a pyrimidine analog .1t is on the World Health Organization's
List of Essential Medicines, the most important medications needed in a basic health
system. Fluorouracil has been given systemically for anal, breast, colorectal, oesophageal,
stomach, pancreatic and skin cancers (especially head and neck cancers).It has also been
given topically (on the skin) for actinic keratosis, skin cancers and Bowen's disease and
as eye drops for treatment of ocular surface squamous neoplasia. It is contraindicated in
patients that are severely debilitated or in patients with bone marrow suppression due to
either radiotherapy or chemotherapy. It is likewise contraindicated in pregnant or
breastfeeding women. It should also be avoided in patients that do not have malignant
illnesses.

The 5-Flurouracil (5-FU) is converted to fluorodeoxyuridine monophosphate
(FAUMP) in mammalian cells forming a stable complex with thymidylate synthase (TS)
and thus inhibiting deoxythymidine monophosphate (dTMP) production. The dTMP is
required for DNA replication and repair and therefore lack of dTMP causes cytotoxicity
(Longley et al., 2003). In normal and tumor cells, dihydropyrimidine dehydrogenase
(DPD)-mediated conversion of 5-FU to dihydrofluorouracil (DHFU) is the rate-limiting
step of 5-FU catabolism. DPD breaks down up to 80% of administered 5-FU in the liver
(He et al., 2008). Thymidylate synthetase (TS) is an essential enzyme to catalyze
thymidylate biosynthesis and plays a role in the regulation of protein synthesis and
apoptotic process (Chernyshev et al., 2007). TS catalyzes the methylation of deoxyuridine
monophosphate (AUMP) to dTMP, where 5, 10-methylenetetrahydrofolate (CH2THF) is
the methyl donor and provides thymidylate for the reaction in DNA replication and repair
(Roberts et al., 2006). There is a seriatim binding sequence in the reaction and dUMP
binds at the active site before CH2THF. The reaction is then started by the nucleophilic
addition of Cys 146 in the active site (numbering of amino acid residues is based on the

sequence of EcTS) to the pyrimidine C (6) atom of dUMP. At the startpoint of catalysis,
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the binding position and substrate orientation specifically provide an efficient binding of
the cofactor, and subsequently permit the formation of the ternary TS-dUMP—-CH2THF
complex, and the reaction (Newby et al., 2006). Previous researches have shown that 5-
FU presents the anticancer effects by inhibiting TS, but the pathways are not well
understood. Previous researchers have highlighted that formation of ternary TS—FdUMP—
CH2THF complex depends on time and when the fluorine substituent cannot dissociate
from the pyrimidine ring, the reaction stops, which inactivate the enzyme in a slowly
reversible manner (Sotelo-Mundo et al., 2006). Reduction of dTMP causes depletion of
deoxythymidine triphosphate (dTTP) in the downstream reactions, inducing perturbations
in other deoxynucleotides’ level (dATP, dGTP and dCTP). The imbalances of ATP/dTTP
ratio specifically alter DNA synthesis and repair and cause lethal DNA damage
(Danenberg, 1977). When dUMP is accumulated, it subsequently increases the levels of

deoxyuridine triphosphate (dUTP), which can be misincorporated.

NH

NH O

Figure 2.5: Chemical structure of 5-Fluorouracil (5-FU) (Zhang & Kim,

2008)
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2.2 Gastric Ulcer

2.2.1 Definition

Gastric ulcer is known to be one of the most common diseases and it is defined as
localized breaches of the gastric stomach with tissue destruction to the depth of
muscularis mucosa (Figure 2.6) (Tarnawski et al.,, 2001). Gastric ulcer is widely
distributed among the world’s population and it is a chronic disease. In the Western world,
about 10% of the population presents gastric ulcer disease (Barkun & Leontiadis, 2010),
however, gastric ulcer was diagnosed in 11.5% among Asia and South Pacific population
(Scott et al., 2013). Previous study in Malaysia consisted of 124 participants who were
diagnosed with gastric ulcer, gastric erosions, and duodenal ulcer with 69.4% Malay,
24.2% Chinese, 2.4% Indian, 2.4% Kampuchean, and 1.6 % Thai ethnic origin. The study
was carried out at North-eastern Peninsular Malaysia, where Malay is the major ethnic
group, with more than 98% of the population, therefore, the Malay ethnic origin showed

the major percentage of incidence of ulcer (Raj & Yap, 2001).
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Figure 2.6: Gastric ulcer (Marks, 2012)
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2.2.2 Possible Etiology and Risk Factors of Gastric Ulcer

2.2.2.1 Acid Output

Level of basal acid output (BAO) and maximal acid output are increased in up to
one third of patients with gastric ulcer, forming a significant proportion of the patients.
Additionally, gastric acidity is observed in some gastric ulcer patients because a high
amount is sent to the end of the stomach, where most of gastric ulcers are observed

(Aihara et al., 2003).

2.2.2.2 Nonsteroidal Anti-Inflammatory Drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) are associated with
gastrointestinal toxicity such as formation of gastric ulcer and duodenal ulcer. The
NSAIDs cause gastric ulcer within three months of onset of therapy in about 4-10% of
patients on daily therapeutic dose, with up to 1% of these cases being clinically
significant. Some associated factors associated with increased risk of gastric ulcer with
regards to NSAIDs are as follows: old age, female gender, and long-term use of NSAIDs

(Laine et al., 2008).

2.2.2.3 Life Style Factors

Lifestyle can be considered as a risk factor for gastric ulcer. For instance, smoking
may elevate gastric empting and reduce formation of pancreatic bicarbonate, which in
turn may cause gastric ulcer. Alcohol, in addition, may cause irritation of gastric mucosal
and nonspecific gastritis. Diet was also considered as one of the main cause for gastric

ulcer (Chisholm, 1998).

2.2.2.4 Genetics

In comparison with the control group with only 5-10% gastric ulcer, more than

20% of the patients indicated a family history of gastric ulcer. The genetic association is
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however not clear. A rare genetic association between familial hyper pepsinogenemia
type | (a genetic phenotype leading to enhanced secretion of pepsin) and gastric ulcer is
reported, which indicates an association with gastric acid hyper secretion and gastric ulcer

development (Blaser & Atherton, 2004).

2.2.2.5 Helicobacter pylori Infection

Helicobacter pylori (H. pylori) bacteria are small, spiral in shape, microaerophilic,
and gram-negative rods. The existence of H. pylori in stomach and duodenum might be
the most popular bacterial infection in the world (Blaser & Atherton, 2004). H. pylori
infection is generally known as the most important etiology factor in pathological

development of gastroduodenal ulcer (Chan & Leung, 2002).

2.2.3 Drugs for Gastric Ulcer Treatment

Many drugs have been found to be effective in gastric ulcer, by selectively
affecting specific receptors, thereby leading to certain mechanisms in gastric ulcer
therapy. These drugs can function to neutralize gastric acid secretion, scavenge free
radical mediated by ulcerogenic agents or increase mucosal defenses. Antacids are known
to be the first optional drugs to lessen heartburn and dyspepsia such as Maalox and
Mylanta. The antacids do not avoid or cure gastric ulcers, but they are useful via two
possible mechanisms; they can neutralize acidity environment inside stomach lumen with
the association of three main compounds such as calcium, magnesium, and aluminum,
they also may protect the mucosal layer of stomach by increasing secretion of bicarbonate

and mucus (Chisholm, 1998).

Antibiotics can also be used to treat gastric ulcer caused by H. pylori (Hentschel
et al., 1993). Amoxicillin, for example, is effectively used to lessen growth of bacteria
and it has been extensively considered as a positive reference drug to assess antibacterial

activity specifically H. pylori (Malfertheiner et al., 2007).
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H2 blockers drugs such as cimetidine and ranitidine typically treat gastric ulcer
before proton pump inhibitors and antibiotic treatments were prepared against H. pylori.
Their role is to suppress acid production via blocking histamine, which is a cytokine
molecule, produced in the body to increase acid secretion in the stomach. Despite the fact
that H2 blockers such as cimetidine and ranitidine have been used by many researchers
as a standard drug to carry out experiments for antiulcer evaluation, H2 blockers are used
to treat the symptoms of gastroesophageal reflux disease (GERD). These drugs, however,

cannot treat gastric ulcers and they are only used to cure duodenal ulcers (Wallace, 2005).

Proton pump inhibitors (PPIs) are commonly administrated to gastric ulcers
patients. They block the secretion of stomach acid through inhibiting H+/K+ ATPase
enzyme, which regulates acid secretion in the parietal cell present in stomach glands. The
main PPIs used to prevent and heal ulcer include omeprazole (Wallace, 2005). It is worth
to noting that all these above mentioned drugs show side effects, mainly diarrhea,
hypercalcemia (lead to kidney failure), kidney stones, and osteoporosis. Antacids are
seldom used as anti-ulcer, because they are not adequate to prevent and heal (Eid et al.,
2010). In this project, omeprazole was applied as a positive control group because it is
extensively used as a standard drug to evaluate anti-ulcerogenic activity in several plant
extracts. Previous studies used omeprazole as a positive control drug against ethanol
induction model believing that omeprazole can increase cytoprotection and scavenge
oxidative stress arbitrated by ethanol-induced ulcer (Alrashdi et al., 2012; Gupta et al.,

2005).

2.2.4 Gastroprotective Factors and Gastric Mucosal Integrity

The stomach is continuously in contact to potentially risk factors, which are
mainly harmful to the gastric mucosa as endogenous factors like pepsin and hydrochloric

acid (Widenhouse et al., 2002). In addition, reflux of alkaline duodenal contents including
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pancreatic enzymes with bile are dangerous endogenous factors. Cigarette smoking, drugs
specially steroids, aspirin, and other NSAIDs are severe exogenous mucosal factors to
cause mucosal damage (Weil et al., 2000). On the other hand there are many agents in the
gastric mucosal defense line that help stomach to protect itself against these stimulatory
factors. As for the defense agents, mucus and bicarbonate excreted by surface of epithelial
cells, sulfhydryl compounds, prostaglandins, and gastric mucosal blood flow are
important to keep the gastric mucosal safety (Abdelwahab et al., 2011). The
gastrointestinal mucosa builds a barrier between the body and luminal environment,
because it contains nutrients with high loads of potentially hostile microorganisms and
toxins. Gastrointestinal tract barrier has two main parts as epithelial cell lining (the
digestive tube) as the first part and secretions affect the epithelial cells and protect the
barrier activity as the second part. Protection of an intact epithelium is therefore important
to maintain the barrier integrity and involves an accurate balance between cell
proliferation and cell death (Zorofchian Moghadamtousi et al., 2014). Gastric mucosa is
continuously in contact with a mixture of endogenous and exogenous harmful agents such
as gastric acid, bile, drugs, and microorganisms, which some of them such as mucus
secretion, mucosal microcirculation, acid inhibition, prostaglandins, and inflammatory

mediators are responsible to protect mucos (Abdelwahab et al., 2011).

The gastrointestinal epithelium coated with mucus synthesized by cells builds part
of the epithelium. Mucus plays an important role to lessen shear stresses on the epithelium
and associates to barrier function. The carbohydrates part on mucin molecules binds to
bacteria to prevent epithelial colonization via aggregation and increasing clearance.
Bicarbonate ion is secreted from apical faces of gastric and duodenal epithelial cells to
maintain a neutral pH along the epithelial plasma membrane, despite the high acidic

environment in the lumen (Ishrat et al., 2009).
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Mucus is important to trap bacteria to excrete it in feces. It also shows that
antioxidant activity decrease mucosal damage caused by bacteria and immunocytes.
Mucus plays an important role in the mucosal surface to maintain a neutral and perform
as a physical barrier versus luminal pepsin. Eicosanoids bioactive lipids such as
prostaglandins (PG), leukotrienes, and thromboxanes are significant in gastric
physiology. For example, prostaglandins often block secretion of gastric acid. Previous
researches indicated the inhibitory effect of PGE2 on acid output in the mice, rat, dog,
monkey, and human. Prostaglandins from exogenous or endogenous source can stimulate
mucosal defense mechanisms (Wallace, 2005). The PGE2 and prostacyclin are essential
to protect the gastric mucosal. Prostaglandins are significant to preserve mucosal blood
flow (Wallace, 2005). They stimulate secretion of mucus and bicarbonate in the stomach

(Hu et al., 2011).

When the stomach is exposed to 150mM HCI at pH 0.8 for a period of 5 min,
production of luminal PGE2 is increased seven folds as compared to basal values.
Prostaglandins, therefore, maintain gastric mucosal integrity through activating secretion
of mucus and bicarbonate, inhibiting acid secretion, mast cell activation, and apoptosis,
as well as reducing leukocyte adherence to the vascular endothelium, elevating and

preserving mucosal blood flow and finally inhibiting ischemia (Schaffer et al., 2011b).

Szabo et al., (1985) reported that vascular injury develop hemorrhagic erosions
after intragastric administration of absolute ethanol to the rat using vascular tracers, which
activates vascular permeability within 1-3min after one hour of absolute ethanol
exposure. Visible hemorrhagic injury in gastric mucosa glands occurred due to noticeable
lesions in the blood vessels and elevated vascular permeability. Vascular injury can be
considered as pathogenic factor evidence in the growth of ethanol induced gastric
hemorrhage decay. Additionally, the pretreatment with prostaglandin F2 beta reduces

ethanol injury. In another study by Tarnawski et al., (2008) the deep necrosis lesion in
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the gastric mucus layer from absolute ethanol can completely stopped by 16,16-dimethyl
PGE2 (Rao et al., 2012). Robert et al. reported that pretreatment with 16, 16-dimethyl
PGE2 (10g/kg in 1ml) avoided the ethanol from histologic changes (Robert & Sporn,
1992). Serious mucosal damage to gastric glandular mucosa capillaries caused by
absolute ethanol within 1 min in rat can be decreased by pretreatment with 0.5mg/100g
PGF (Wilken et al., 2011). Many endocrine and paracrine agents have effect on normal
proliferation of gastric epithelial cells in response to such damage as ulceration. Many
enteric hormones enhance proliferation rates. Prostaglandins especially PGE2 and
prostacyclin have "cytoprotective” effect on the gastrointestinal epithelium, which shows
that they are able to activate mucosal mucus and bicarbonate secretion to elevate mucosal

blood flow and to restrict acid diffusion especially into the stomach epithelium.

There are some other factors with potential activity to preserve gastric mucosal
integrity, namely epidermal growth factor, transforming growth factor-beta (TGF-p),
fibroblast growth factor, and hepatocyte growth factor, which bind to a common receptor
and activate proliferation of epithelial cell. Nitric oxide molecule has a critical function
in mucosal integrity and barrier function (Bar-Sela et al., 2010). The superfamily of TGF-
B signaling pathways basically regulates cellular processes such as differentiation,
proliferation, migration, survival, and physiological processes including embryonic
development, angiogenesis, and wound healing. Any changes in these pathways through
somatic mutations or germ-line subsequently alter expression of the signaling pathways
and often cause human disease (Yue et al., 2010). The TGF-B is critical as a mediator of
the epithelial cell interactions to regulate epithelial cell proliferation, inflammation, and
tissue repair in human gastrointestinal tract and thus the expression is elevated after acute
epithelial damage in inflammatory bowel disease. The TGF-B null mice die 20 days after
birth due to multifocal inflammatory disease in stomach and intestine (Yue et al., 2010).

The gastric mucosa is continuously exposed to possibly harmful factors and mucosal
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integrity is protected via a complicated system consisting of interacting mediators.
Excessive amount of ethanol administration causes gastritis characterized by mucosal
edema, cellular exfoliation, sub-epithelial hemorrhages, cell infiltration, inflammatory,
and ulcer. Exogenous compounds, mainly acetylsalicylic acid, NSAIDs drugs, and high
amount of ethanol trigger corrosive lesions in the gastrointestinal mucosa (May &
Lawrence, 2001). Ethanol increases superoxide anion activity, lipid peroxidation, and
hydroxyl radical production in the gastric mucosa (Bagchi et al., 1998). Acute ethanol
stimulates DNA damage, oxidative stress, elevate xanthine oxidase activity,
malondialdehyde level and reduce total glutathione level in gastric mucosal cells (Marotta
et al., 1999). The ethanol- induced gastric mucosa damage is suggested to be related to
oxidative stress, which interrupts energy metabolism of mitochondria and is critical in the
pathogenesis of ethanol-induced gastric mucosa damage (Pan et al., 2008). The body is
typically kept under an active balance of free radical production and scavenging. The
physiological defense systems face free radicals through endogenous enzyme systems,
including superoxide dismutase, catalase, glutathione reductase, and coenzyme Q, in
addition to exogenous factors consisting of vitamin C, vitamin E, selenium, and -
carotene. The abovementioned molecules are significant antioxidant to fight against
oxidative stress because they are able to convert reactive oxygen species (ROS) into stable
and safe compounds or by scavenging ROS through a redox based mechanism (Brambilla
et al., 2008). Physiological response to stressor increases function of hypothalamic
pituitary adrenal axis and changes in gastrointestinal tissue, which subsequently increases
the adrenocortical action and incidence of gastric ulceration. Oxidative stress is the main
potential for the stress ulcers in the stomach (Suzuki et al., 2012). It activates either
additional ROS generation or a reduction in antioxidant defenses. Oxidative stress is
associated in gastric inflammation pathogenesis, ulcerogenesis and H. pylori infection, as

well as in lifestyle-related diseases such as hypertension, atherosclerosis, ischemic heart
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diseases, diabetes mellitus, and malignancies (Suzuki et al., 2011). Many gastrointestinal
diseases’ phenotypes such as peptic ulcer disease and gastro-paresis are relevant to
antioxidant property dysfunction. The ethanol effect on gastric mucosa is multifaceted
and complex, which can be relevant to a balance disruption between gastric mucosal
protection and harmful agents. Gastric mucosa is exposed to gastric acid and pepsin,
whereas gastroprotective agents maintain gastric mucous layer safety, microcirculatory
system, bicarbonate, epidermal growth factor, prostaglandins, and epithelial cell
recovery. Ethanol is harmful to the vascular endothelial cells in gastric mucosa and
disturbes microcirculatory and hypoxia related to the overproduction of oxygen radicals
(Suzuki et al., 2012). Generation of ROS is a series of reactions, which start with
superoxide production and quickly dismutase to hydrogen peroxides. Free radicals
directly or indirectly damage through reacting with other molecules in the cell. The
scavenge and regulation of ROS levels in order to maintain physiological homeostasis is
performed via enzymatic and non-enzymatic antioxidant protection systems such as
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxide (GPx). The
presence of high concentration of alteration metal (Fe/Cu) ions, ischaemia reperfusion or
drug metabolism generates ROS, which change the cellular antioxidant defense leading

to oxidative stress(Verma et al., 2013).

2.3 Wound Healing

2.3.1 Definition

An open wound is generated when the skin is cut, torn or ruptured, whereas closed
wound occurs when blunt force trauma to skin causes contusion. From pathology point
of view, wound is particularly referred to a sharp injury, harmful to the dermis of the skin
(Acconcia et al., 2006). Several types of acute skin wounds include incision wound,

incomplete thickness damages, and lack of special tissue. Dissimilar wounds include
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variety of phase process of healing (Monaco & Lawrence, 2003). Healing of wound
basically consists of cascade of events, which happen in a precise and organized manner,
specific to every wound. There are some overlapping in the phases of wound process. To
make it accurate and clear, there are five phases, namely; hemostasis, inflammation,
cellular migration and proliferation, protein synthesis and wound contraction, and
remodeling phase. The process of wound healing involves the activity of a complex
network of blood cells, tissues, growth factors, and cytokines, which overall increases
cellular activity and subsequently raise metabolic demand for nutrients (Eisenbud et al.,
2003). It seems that nutritional deficit disrupts the healing process of wound, which
indicates that several nutritional agents that necessarily repair wound likely improve the
healing time and the outcome. For instance, vitamin A is necessary to form epithelial and
bone tissues, in addition to immune function. Vitamin C is also essential for collagen
formation, tissue antioxidant, and immune function. Another examples is vitamin E,
which is the principal lipid soluble antioxidant found in the skin (Simon et al., 2000).
Taken together, researchers attempt to explore a medication based on natural sources in

order to cure wound.

2.3.2 Phases of Wound Healing

Wound healing occurs in a series of events and some of them are overlapping.
Wound healing is characterized by five phases namely; hemostasis, inflammation,
migration of cell and proliferation, synthesis of protein and contraction of wound and

finally remodeling phase (Figure 2-7).
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Figure 2.7: Phases of wound healing (Monaco & Lawrence, 2003)

The process of acute wound healing starting from hemostasis to the final phase of
remodeling depends on a complicated interaction of several different acute wound-
healing events. Cytokines is mainly important in wound healing and a major signal for

different cell types and healing events (Monaco & Lawrence, 2003).

2.3.2.1 Hemostasis

All traumas are harmful to vascular parts and initiates molecular and cellular
responses, which stimulate hemostasis. Hemostasis is critical to maintain the healing
process. Vasoconstriction, platelet aggregation and fibrin deposition mainly contribute in
hemostasis, which start from coagulation cascades. Formation of clot is the end result of
hemostasis. The main component of clots is known as fibrin net including gathered
platelets within surrounded cells (Lawrence, 1998). Losing of extra fluid and electrolyte

from wound location and entrance of contaminates occur from external environment.
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Fibrin is the main substance in wound medium of fibroblasts and other cells migration in

healing process. Three characteristics for hemostasis phase are as follows:

2.3.2.1.1 Vasoconstriction

Vasoactive amines are released when vasoconstriction happens and dermis is
penetrated. When sympathetic nervous system stimulates local norepinephrine,
epinephrine then is released into the peripheral circulation. Further vasoconstriction is
also associated to prostaglandins such as thromboxane, which can be secreted from

damaged cells (Monaco & Lawrence, 2003).

2.3.2.1.2 Platelet Aggregation

Damaged cells release tissue factors, which proceed to platelet aggregation and
fibrinogen. After aggregation and platelets adhesion inside cytoplasm, substances of
alpha granules, dense bodies, and lysosomes are occurred (Cines et al., 1998). Several
proteinaceous and immunomodulatory factors in the primary and late phases of healing
are found within alpha granules. These factors mainly include adhesive proteins such as
von willebrand factor VIII, fibrinogen, fibronectin, and thrombospondin as well as
platelet derived growth factor (PDGF), fibroblast growth factor-2 (FGF-2), transforming
growth factors a and B (TGF-o & TGF-B), platelet derived epidermal growth factors
(EGFs), and endothelial cell growth factors. The TGF-B, PDGF, and FGF-2 are the main
components. Calcium, serotonin, ADP, and ATP are essential compounds in the process
of healing as well as those found inside dense bodies. These compounds are important to

prompt coagulation cascades (Griendling et al., 2000).

2.3.2.1.3 Fibrin and the Coagulation Cascades

Coagulation cascades are composed of intrinsic and extrinsic factors. Extrinsic
cascade is important in normal healing process. Thrombin is produced via activation of

intrinsic and extrinsic pathways converting fibrinogen to fibrin. Thrombin then promotes
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vascular permeability and extravascular migrations of inflammatory cells. Fibrin is
important as a net for platelet plugs in addition to be a vital factor for temporary matrix
changing quickly in the wound. Serum and platelets derived fibronectin coats the fibrin
and activates fibronectin that produced through fibroblasts and epithelial cells (Dahlback,

2005).

2.3.2.2 Inflammation

Erythema, edema, heat, and pain are known as main features of inflammation.
Increasing vascular permeability and constant movement of leukocytes to extravascular
region provide inflammation at the tissue level (Figure 2.8). Moving the inflammatory
cells to the damaged regions in order to kill bacteria and remove debris from dead cells
and injured matrix is known as one of the main activity of inflammation, which assist to

process repair mechanism (Li, et al., 2007).

Erythema and heat are considered as signs of inflammation, which occur
immediately after injury because of vasodilatation, which in turn starts vasoconstriction
inverting 10-15 min to the next wound. Infiltration of plasma from intravascular area to
the extravascular chamber happens between endothelial cells of capillaries in wound and
makes a gap (Monaco & Lawrence, 2003). Pain as a cardinal sign of inflammation and it
starts from fluid accumulation in the area generating edema. Several factors are important
to switch from vasoconstriction to vasodilation. Endothelial and mast cell derivative
factors such as group of arachidonic acid metabolites refers to leukotrienes (LTSs).
Leukotriene B4, for instance, is a strong chemotactic agent that stimulates aggregation of
neutrophils, whereas LT4, LTD4, and LTE4 result in vasoconstriction and increase
vascular permeability, prostaglandins [PG 12, PGD2, PGE2, and PGF2a] and histamine
contribution to vasodilation (Noli & Miolo, 2001). Movement of leukocytes to wound

area is important to start the cellular response in inflammatory phase. At damage region,
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neutrophils and monocytes are the main cells in early inflammatory phase, which
immediately immigrate from capillaries into wound. Neutrophils are observed as high
number at first, but later in inflammation, neutrophils number is declined and
macrophages increased (Li, et al., 2007). Macrophages are known as the main controlling
cell in inflammatory reaction because they phagocytize, digest, and kill pathogenic
organisms, in addition to scavenge debris of tissues and destroy any neutrophil residues.
There are certain enzymatic proteins and biologically active oxygen intermediates, which
is released from monocyte or macrophage, allowing initiation of angiogenesis and
production of granulation tissue (White et al., 2004). Macrophage also plays a role to
release chemotactic factors including fibronectin, fibroblast growth factor, vascular
endothelial growth factor, Platlate derived growth factor, TGF-a, and TGF-, which are
important in cell migration and proliferation, fibroblast attraction to the damage site, and
matrix production. Macrophages are therefore considered as growth factor production

factory and function in transition between inflammation and repair (Bosco et al., 2008).
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Figure 2.8: Cutaneous wound healing at day 3 after injury.
Growth factors are necessary for cell movement and wound healing. TGF-p1,

TGF-B2, and TGF-B3, TGF-a, fibroblast growth factor (FGF), vascular endothelial
growth factor (VEGF), Platlate derived growth factor (PDGF), insulin like growth factor
(IGF), and keratinocyte growth factor (KGF) are shown (Epstein & Ross, 1999).

2.3.2.3 Cellular Migration and Proliferation

Cellular medium of wounds are mainly different in the first week after acute
wound, which include high infiltration of inflammatory cells to initial fibrin—fibronectin
matrix and the main cells are fibroblasts and endothelial cells as healing continues.
Building the epithelial surface and revascularization of the injured region are started
within the first days after injury. Cytokine production is important in fibroplasia,
epithelialization, and angiogenesis. Later, deactivation of cells is necessary via negative
feedback mechanisms to heal normally (Diegelmann & Evans, 2004). Fibronectin and
collagen are known as structural molecules in early extracellular matrix and are involved
in formation of granulation tissue through supporting a scaffold and a reservoir for
cytokines and growth factors. Collagens function as a support for intracellular matrix

formation inside wound (Baum & Arpey, 2005). In the process of wound healing,

modeling and establishing of new blood vessels is important and occurs at all stages of
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repair process. Neutrophils and macrophages are also attracted via several angiogenic
factors, which are secreted during hemostatic phase in order to increase angiogenesis

(Takeshita et al., 1994).

2.3.2.4 Protein Synthesis and Wound Contraction

Protein synthesis and deposition and wound contraction are the main events that
happen four to five days after wound occurs (Figure 2.9). Quality and quantity of
deposition during healing process determine strength of a scar. As it was mentioned
earlier, collagen provides more than 50% of protein constitutes in scar tissue and the
production is essential in healing mechanism. Fibroblasts are responsible to synthesize

collage and other necessary proteins during repair process (Diegelmann & Evans, 2004).

There are many cytokines stimulate fibroblast to synthesize collage, namely
PDGF, TGF-B, and EGF. Several factors influence rate of collagen synthesis such as age,
tension, pressure, and stress (Diegelmann & Evans, 2004; Velnar et al., 2009). Collagen
synthesis continues to be high for 2-4 weeks and slows down later. Precipitation of
collagen might cause healing aberration although there are some variations. Limited
collagen deposition and defective healing happen in diabetic patients because of impaired
inflammatory cells activation, which are correlated to lack of additional factors in healing
process (Brem & Tomic-Canic, 2007). Fibrin and fibronectin are made of main initial
wound matrix. Wound composition alters due to protein accelerations because fibrins as
main component of matrix are replaced by collagen and proteoglycans. Several proteins
are actively synthesized, namely proteoglycans as main component of mature matrix in
order to improve cellular staffing and promote wound remodeling via thrombospondin |
and SPARC (secreted protein acidic rich in cysteine). Wound contraction happens four to

five days after initiation of wound and actively continues for about two weeks. Wound
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contraction can also remain longer in open wounds for two weeks interval. Wound

contraction is obvious in an open wound as it moves closer to each other.

In incisional wound, the contraction is not much clear. Contraction percentage
varies based on anatomic sites, but it shows 0.6 to 0.75 mm on average per day.
Contraction level is also influenced by wound shape; for example, four-sided wounds
contract more rapid than round wounds, which are less possible to be exposed to risk of
narrowing. Myofibroblasts mainly found at wound periphery as a feature of wound
contraction at 2-3 weeks. Although myofibroblasts have been known as the ‘‘motor’’ to
contract a wound, but recently, fibroblasts have been found to be essential for wound
contraction. Several cytokines like TGF- are involved in wound contraction (Huebener
& Huebener, 2013). All cutaneous wounds can be healed through three main mechanisms
of connective tissue matrix deposition, contraction, and epithelization. Simple wounds
that can be closed by tape, sutures, or staples may be healed faster via main mechanism
of connective tissue matrix deposition, collagen, proteoglycans, and attachment proteins
form a new extracellular matrix. On the other side, open wounds mainly may be healed
through contraction, in which the contact between cells and matrix move the tissue toward
wound center. Although mechanism of wound contractionis not well understand but a
complex interface between contractile fibroblasts, known as myofibroblasts and the
matrix components seems to be necessary . Previous studies indicated the role of nerve

growth and IL-8 as moderators in contraction response (locono et al., 2000).
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Figure 2.9: Cutaneous wound healing at day five after injury.

Blood vessels are appeared sprouting into the fibrin clot as epidermal cells cover
the wound. Proteinase enzymes seem important for cell movement. In this phase,
expression of urokinase type plasminogen activators (u-PA), MMP-1, 2, 3, and 13 (matrix
metalloproteinases 1, 2, 3, and 13) and tissue plasminogen activator (t-PA) are shown
(Epstein & Ross, 1999).

2.3.2.5 Remodeling

Scar remodeling happens about 21 days after wound has been already formed
(Figure 2.10). Rate of collagen synthesis is reduced and reached to rate of collagen split-
up. Factors such as interferon-y, TNF-a, and collagen matrix are significantly important
in down regulation of collagen synthesis. Matrix metalloproteinase (MMPs) plays a
complex role during wound repair, because it eliminate non-vital tissue, stimulate blood
vessel growth, migrate keratinocyte, regulate growth factor activity, and remodel
connective tissue. MMPs is actively involved in breakdown of collagen molecules during
remodeling process and other aspects of wound healing process (Gawronska-Kozak,

2011).

About 23 MMP genes have been so far identified in humans to break down

extracellular matrices (Visse & Nagase, 2003). Several cells produce MMPs and

42



modulation occurs through tissue inhibitors of metalloproteinase (TIMPSs), which so far
four isoforms have been identified (Brew et al., 2000). The MMPs and TIMPs are kept
balance in tissues and is controlled through cytokines excluding TGF-B, PDGF, and IL-1

(Haroon et al., 2000).

TIMP-1 and TIMP-2 are basically important in wound healing as they encourage
cell proliferation, inhibit apoptosis, and prevent matrix MMPs, which imped wound
healing indirectly through degradation of growth factors and cytokines and directly
through destruction of extracellular matrix proteins (Ching et al., 2011). Modification of
extracellular matrix composition happens in wound remodeling. Collagen fibers provide
nearly 80% of dry weight of normal human dermis and are the key proteins for strength,
structure, and hardness of dermal tissue. In healthy adults, for instance, type | collagen
and type 111 collagen consist of about 80% and 10% of collagen in dermis, respectively.
Collagen guantity increases during repair and reaches to a maximum level between 2-3
weeks after injury. The dermis gradually reverse to normal phenotype with type I collagen
after one year or longer. After wound is closed, type 11l collagen is degraded and type I
collagen synthesis is increased. The process of dermis collagen transformation is
controlled via production of new collagen and lysis of old collagen, basically performed
by MMPs. In final phase of wound healing, the remodeling phase is responsible to
improve new epithelium and make final scar tissue. Synthesis of extracellular matrix is

started with granulation tissue development during proliferative and remodeling phases.
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Figure 2.10: Cutaneous wound healing in remodeling phase.

The remodeling phase of wound healing is mediated by cytokine, which controls
degradation of febrile collagen and other matrix proteins performed by serine proteases
and MMPs. Granulation tissue is formed below the epithelium and made of inflammatory
cells, fibroblasts, and newly formed and forming vessels (Grose et al., 2002).

2.3.3 Wound Healing Factors
Rate of wound healing might be influenced by local and systemic factors; the first
one is referred to immediate wound environment while the latter refers to entire body

(Guo & Dipietro, 2010).

2.3.3.1 Infection

It is usually observed that infected wounds are healed slowly. Infection defines a
situation where bacteria are present in wound and generate an inflammatory host
response. Exotoxins are secreted by living bacteria in wound, which is considered as
waste products of active metabolism. Exotoxins are toxic molecules for cells and they
inhibit normal activity of local cells or tissues. For instance, exotoxins may alter protein
synthesis. Infected wounds have to be cleaned and systemic antibiotics are often required.
Any foreign bodies in a wound can also be possibly correlated with infection (Guo &

Dipietro, 2010). Inflammation is important to remove contaminant microorganisms and
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is a normal phase of wound healing process. Bacteria and endotoxin increase
proinflammatory cytokines as TNF-a, interleukin-1 and therefore elongate inflammatory
phase, which cause wounds to remain in a chronic stage and fail to heal. Prolonged
inflammation can cause an increase in MMPs level as a family of proteases that in turn

reduces extracellular matrix (Menke et al., 2007).

2.3.3.2 Local Blood Supply

Oxygen is essential for cell metabolism especially energy production and wound
healing process. Oxygen keeps wounds from infection as follows: activating
angiogenesis, increasing keratinocyte differentiation, migration, and re-epithelialization,
promoting fibroblast proliferation, and collagen production and encouraging wound
contraction (Bishop, 2008; Rodriguez et al., 2008). In addition, superoxide, which is
critical to kill microorganisms and produced via polymorphonuclear leukocytes depends
on oxygen level. For example, when oxygenation is not repaired in wound, healing is
reduced. Impermanent hypoxia after injury promotes wound healing but extended or
chronic hypoxia interferes with wound healing. In acute wounds, in other words, hypoxia
helps as a signal in wound healing progression. Hypoxia is able to activate cytokine and
growth factors secreted form keratinocytes, macrophages, and fibroblasts including
platelet derived growth factor, TGF-B, TNF-a, vascular endothelial growth factor, and
endothelin-1, which all are important activators for cell proliferation, migration,

chemotaxis, and angiogenesis in wound healing process (Menke et al., 2007).

2.3.3.3 Malnutrition and Healing Delay

Proteins are the main component for cell renewal, tissue growth, and restoration
after injury. They significantly affect several wound healing phases via RNA and DNA
synthesis, elastic tissue formation and collagen, nutrition of immune system, epidermal

growth, and keratinization. Prolong protein malnutrition causes skin to be thinner and
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wrinkled and therefore immunity level drops. Diabetic patients with protein malnutrition
are at higher risk for mutilation (Dryden et al., 2013). Sufficient intake of protein is
necessary for convenient wound healing. Delay in wound healing process due to protein
depletion happens by extending inflammatory phase, which in turn inhibit synthesis of
collagen and proteoglycan, fibroplasia, angiogenesis (proliferation phase), wound

remodeling (Ruberg, 1984).

Dietary proteins provide all nine necessary amino acid and thus are considered as
complete proteins, such as poultry, meat, fish, milk products, eggs, and soybeans. On the
other hand, body requires sufficient amount of necessary amino acids, nitrogen and

energy in order to produce the other eleven amino acids.

Certain amino acids are especially important for wound healing process, for
instance, cysteine and methionine are involved in collagen and connective tissues
synthesis. Arginine is assumed to be the main element to increase proliferation of collagen
and thus immune reaction (Wild et al., 2010). Glutamine is significant for inflammatory

cells proliferation and energy source (Dryden et al., 2013).

Carbohydrates are the main source of energy. Wound healing is a very energy
consumer process; therefore carbohydrates are necessary in cells and tissues. Patients
suffering from extensive wounds require an elevated intake of energy giving foods. When
amount of carbohydrates is enough, the body does not require breaking down amino acids
to produce energy (Medlin, 2012). Studies showed that glucose deficiency affects
proliferation of fibroblast and lower levels of glucose significantly was found in wound

fluid of patients with chronic wound (Han et al., 2004).

Fatty acids are subunits of fats. Certain components in cells and tissues (cell

membranes) are made of fatty acids, which are needed for tissue regeneration. Fat

46



generally supply essential fatty acid, which are energy source for cell metabolism

(Shingel et al., 2008).

Vitamins are vital micronutrients in diet. Vitamin A, D, E, and K are fat-soluble
and may be stored in the body while vitamin B1-B11 and C are water-soluble and thus
cannot be stored. Vitamin C, also known as ascorbic acid, is the main cofactor for
synthesis of proteoglycans, collagen and other organic constituents of intracellular matrix
of tissues such as skin, capillary walls, bones, and other connective tissues. Deficiency of
ascorbic acid results in abnormal collagen fibers and thus alters intracellular matrix that
in turn causes cutaneous lesions, reduces tensile strength of fibrous tissue, decreases

adhesion of endothelium cells and finally affect the level of immunity (Biesalski, 2010).

Vitamin A is necessary to develop epithelial and bone tissues, better function
immune system, and differentiate cells. Vitamin A promotes normal physiological wound
repair mechanism and reverses inhibition of cutaneous and facial wound healing causes
by corticosteroid. Vitamin A is beneficial for wound because it promotes early
inflammatory phase, improves localization, stimulate immune response, enhance number
of macrophages and monocytes cells in wound, support differentiation of epithelial cell

and tranformation of collagenase function (Simon et al., 2000).

Minerals are inorganic nutrients that small amount of them are needed for health.
For instance, zinc is an essential mineral for wound healing and re-epithelialization.
About 300 enzymes require zinc for their cellular function. From molecular point of view,
zinc is required for cell division, synthesis of DNA and proteinas well as regeneration and
repair of tissues. Previous studies on zinc-deficient animals showed that zinc deficiency
is correlated with delayed wound healing and reduced strength of animal wound that
arises from decreased level of collagen and protein synthesis duringwound healing

process. Zinc deficiency is associated by an immunodeficiency that results in infections.
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Zinc affects keratinocytes, osteocytes, and leukocytes cells. In addition, certain
concentration of zinc is needed for a specific cell response. Iron is known as a cofactor
for prolyl and lysyl hydrolases for collagen synthesis and thus iron deficiency severely
inhibits wound-healing process. Moreover, iron aids to transport oxygen by being part of
hemoglobin structure and therefore helps to regenerate injured tissues (Brown & Phillips,

2010).

Water is critical for optimal wound healing because hydration promotes cell
proliferation and migration through chemotactic gradients by cytokines, metal ions, and
growth factors. In other words, dehydration hardens epidermal tissues and causes dermal
necrosis that delays wound healing, elevating patient discomfort (Dryden & Shoemaker,

2013).

2334 Age

Children and young adults usually have a good level of wound healing because
they require competent nutrients and conventional requirements for growth and
development. On the other side, elderly people may have longer period for wound healing
due to small number of fibroblasts in tissues and reduced rate of collagen formation. In
addition, wound contraction and re-epithelialization process are slower in old people.
Diseases such a peripheral ischemia, heart disease, and diabetes mellitus may severely
affect wound-healing process in old people, who have less mobility with elevated risk

for pressure sore formation (Gosain & Dipietro, 2004).

2.3.3.5 Reactive Oxygen Species (ROS)

A variety of cytokines, growth factors, and hormones controls process of wound
healing. Previous studies indicated that nitric oxide and reactive oxygen species (ROS)
significantly regulates wound healing (Schwentker et al., 2002). ROS play an important

role in protection against microbial invasion and intracellular signal transduction. For
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instance, small amount of hydrogen peroxide is necessary for efficient angiogenesis
during wound healing, while high amount of ROS can be toxic due to high reactivity.
Hyperoxia and hypoxia conditions elevate formation of ROS, in which an excessive
amount of ROS causes additional tissue damage (Guo & Dipietro, 2010). ROS are
produced in all types of cells during normal metabolic processes such as respiratory
system. Inflammatory cells produce high amount of NADPH oxidase in injured tissues

with inflammation that in turn makes a certain level of ROS (Schreml et al., 2010).

Cells produce high reactive superoxide radical anion, which quickly converts to
hydrogen peroxide (H202) and water. Many superoxide dismutase enzymes are
responsible to carry out this conversion. Although, H>O> is not a radical molecule, it
causes severe cell injuries through production of hydroxyl radicals in the presence of iron
or cupper ions. Hydroxyl radicals are significantly harmful and cause oxidation of cellular
macromolecules, therefore, H,O> should be immediately detoxified by catalase and
various peroxidases. If ROS is produced excessively or detoxified unsuccessfully,
oxidative stress may happen, in which causes severe cell damage, premature aging, or
neoplastic transformation. ROS is highly produced in wound to protect cells against
bacteria (Kotani et al., 2007), however, a high number of neutrophils and ROS eliminate
anti-protease substances that generally defend tissue and extracellular matrix. High
concentration of ROS causes serious tissue injury and neoplastic transformation and thus
reduces healing process by damaging cellular membranes, proteins, DNA, and lipids
(Suntar et al., 2012). Large amount of ROS may kill fibroblasts and thus skin lipids would
be less flexible. Taken together, antioxidants are significant to effectively treat and
manage wounds through eliminating inflammation products (Houghton et al., 2005). On
the most possible mechanism for antioxidant defense is direct interface of extracts or
compounds with hydrogen peroxide in order to change cell membranes and control

damage. Certain compounds present high radical scavenging capacity in order to increase
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wound healing (Suntar et al., 2012). Previous studies have proposed many low molecular
weight antioxidants to regulate redox environment in wounds healing process such as
endogenous molecules including glutathione, uric acid, and lipoic acid and vitamin C and
E, carotiniods, and phenolic compounds in food. Lack of these antioxidants in wound

healing proves their significance (Simon et al., 2000).

2.3.4 Apoptosis

Previous studies have proposed certain signals in wound healing process for cells
expulsion, but mechanisms of cell death are not well addressed. There are three possible
mechanisms, in which cells die during injury, namely emigration, necrosis, and apoptosis.
In pathologic tissue repair, necrosis occurs for extreme wounds and healing is done
without serious inflammatory response and tissue injury. Tissue inflammation is activated
by necrosis, thus reduced amount of wounds cellularity is not possibly regulated by
necrosis (Greenhalgh, 1998). Cellular migration in wound seems to be waste of energy
and therefore apoptosis is the reasonable mechanism to eliminate undesired cells during
healing phases that can be done in a phagocytotic process without an inflammatory
response. As a result, inflammatory cells are eliminated from wound via apoptosis. When
appropriate amount of collagen is deposited at the end of proliferative phase, fibroblasts
start to be apoptotic. Finally endothelial cells are disappeared and fibroblasts are
remained. Previous studies have revealed an association between apoptosis and resolution
of tissue repair during wound healing process. For instance, inflammatory cells have gone
through apoptosis as early as 12 hours after wounding during early phase of tissue repair
(Epstein, et al., 1999). An obvious apoptosis have been reported in inflammatory cells
under margin of migrating epithelium and next to wound margin. Granulation tissue
surrounded by an epithelium does not show any apoptosis. Minimum inflammatory cells
infiltration and auxiliary fibroblasts was reported in open dermal wound without diabetic

and diabetic mice covered by polyurethane dressing (Darby et al., 1997). Neutrophils,
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macrophages, and lymphocytes inflammatory cells were found in open granulation tissue
at the wound center. Apoptosis was found at transition zone under leading margin of
epithelium across granulation tissue, which confirms the hypothesis that thingummy is
responsible for inhibition of inflammation in the epithelium, supported by clinical
findings. Closure of a wound with a graft is correlated with elimination of inflammatory
cells in wound (Ashcroft et al., 2003; Rodero & Khosrotehrani, 2010). Apoptosis reduces
cellular infiltration via switching between granulation tissue and scar in order to eliminate
fibroblasts in the later stages of tissue repair. Apoptotic process can be permanently
blocked if down regulation of fibroblast and myofibroblasts activity is delayed. Excessive
activity of fibroblast may hardly estimate collagen synthesis and degradation and thus
leads to formation of severe scar, which the accurate mechanisms are not known

(Desmouliére et al., 1997).

Apoptosis regulates neutrophil response to injury, in which major injuries do not
destroy tissues. After invading pathogens are eliminated, most neutrophils in wound
tissue undergo apoptosis and are phagocytized by macrophages to avoid excessive
inflammation (Rodero & Khosrotehrani, 2010). Several mechanisms are proposed for
neutrophil apoptosis as such neutrophil apoptosis might be activated via TNF-a signaling
pathway (Ohta et al., 1994). Neutrophils interaction via B2 integrins (CD11b/CD18)
promotes apoptosis and neutrophils migration to a monolayer of endothelial cells later
induces apoptosis (Larsson et al., 2000). TGF-B1 is probably involved in down regulation
of inflammatory response. Previous studies on TGF-B1 null knockout animals discovered
its function in eliminating inflammatory cells (Desmouliere et al., 1995). They showed
that mice without TGF-B1 expression presents normal healthy status until three weeks of
age, however, pups show lethal inflammatory response due to invasion of neutrophils,
macrophages, and lymphocytes to all tissues. The inflammatory response is correlated

with high level of expression of TNF-a and IL-1p. Tissue repair process was reported
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normal in these pups during the three weeks because knockout animals receive TGF-B1
via mother’s milk, which is stopped during weaning and thus animals fall sick due to

inflammatory cell invasion (Sporn & Roberts, 1992).

Antiproliferative protein p53 is also involved in apoptosis of inflammatory cells

throughout healing process (Fuchs & Steller, 2011). For instance, regulation of
keratinocytes apoptosis attracts researchers’ attention in dermatologic diseases. When
keratinocytes are exposed to ultraviolet light (sunburn), cells apoptosis is quickly induced
(Raskin, 1997). Eighteen members of Bcl-2 family were found to induce apoptosis
pathway, either to promote or prohibit apoptosis. For example, BAX, Bad, and Bak are
pro-apoptotic proteins, whereas Bcl-2 and BCL-xL are anti-apoptotic proteins. A
decrease in BCL-xL expression and thus induction of apoptosis causes basement
membrane to lose attachment. In a similar pattern, inhibition of EGF receptor’s activity
is associated with apoptosis and reduced expression of BCL-xL (Rai et al., 2005). Pena
explored transgenic mice in order to study function of BCL-xL and BCL-xS, which
reduces and stimulates apoptosis, respectively. They found out that overexpression of
BCL-xL or BCL-xS cause normal epidermis in keratinocytes of mice. After ultraviolet
irradiation, mice with BCL-xL overexpression showed mounting resistance to injury,
while those with BCL-XS overexpression presented mounting sensitivity, which suggest
different pathways for keratinocyte apoptosis in injury and normal differentiation (Pena

etal., 1997).

A decrease in p53 levels via sSiRNA treatment in keratinocyte improves apoptosis
responses to interferon-alpha (IFN-a) and interferon-gamma (IFN-y), which indicates
human keratinocyte cell line to interferon-stimulated apoptotic after exposure.
Mechanism for the elevated apoptosis is associated with stimulation of TNF-related

apoptosis-inducing ligand (TRAIL), and interaction with death receptors through
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blocking the pathway by dominant negative Fas-Associated protein with Death Domain
(FADD) or neutralizing antibody versus TRAIL, which reduces apoptosis response to

IFN-a and IFN-y (Pena et al., 1997).

Interferon reduces range of hypertrophic or keloid scarring. For instance, IFN-y is
reported to eliminate range of keloid formation (Durani & Bayat, 2008) or IFN-a2b is
found to decrease hypertrophic scar formation in burn patients (Harrop et al., 1995), who
showed increased level of TGF-B in serum (Schmid et al., 1998). Findings from these
studies suggest that fibroblast activity is controlled by an interaction between interferon
and TGF-B in a maturing wound. Inducing collagenase by apoptosis signals regulates
collagen degradation. Bian and Sun discovered that p53 molecule binds to promoter of
type IV collagenase (matrix metalloproteinase 2) in human (Bian & Sun, 1997), which
suggests apoptosis signals are involved in downregulation of collagen deposition via
reducing fibroblast numbers (thus reducing collagen synthesis) and by promoting
collagenase activity. Previous studies on effects of recombinant human TNF-o on
collagen synthesis and gene expression in cultured fibroblasts confirm that TNF-a
reduces transcription of collagen gene, expression of collagen mRNA, and thus collagen

production in cultured fibroblasts (Solis-Herruzo et al., 1988).

Cellularity and extracellular matrix in the late phase of wound healing are
decreased in granulation tissue of a mature scar. Studies suggest apoptosis as a
mechanism or accelerate conversion of granulation tissue to scar. For example,
Nakazono-Kusaba et al. discovered the effect of benzoyl staurosporine known as an
inhibitor of protein kinase C on human keloid derived fibroblasts to understand treatment
capability of keloid formation and they showed that benzoyl staurosporine can be
considered as a candidate for antitumor factors because it can stimulate keloid fibroblast

apoptosis via caspases-dependent pathway (Nakazono-Kusaba et al., 2004).
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Taken together, apoptosis is important to rapidly synchronize altering populations
of all cells, which are involved in tissue healing. In majority of wounds, control of cell
proliferation facilitates wound closure. In some cases, imbalance number of cells leads to

a pathologic tissue repair.

2.4 Medicinal Plants

Plants have been useful to provide food, dyes, perfume, gum, fiber, resin, and
many other products for humans. Currently, ethnopharmacologists show interest to
discover bioactive properties and phytochemical analysis in medicinal plant in order to
cure several diseases. From therapeutic point of view, many medicinal plants can be
utilized as a natural medicine in many biological mechanisms such as gastric ulcer and
wound healing (Gupta et al., 2005). Previous study showed that plants have several

bioactivities (Alam et al., 2009; Yadav et al., 2011).

2.4.1 C. Purpurascens

Curcuma purpurascens Bl., belonging to the Zingiberaceae family, is known as
temu tis in Yogyakarta, Indonesia. Curcuma purpurascens Bl. is a rhizomatous
herbaceous perennial plant of the ginger family, Zingiberaceae. It is native to Indonesia,
requiring temperatures between 20 and 30 °C (68 and 86 °F) and a considerable amount
of annual rainfall to thrive. Plants are gathered annually for their rhizomes and propagated

from some of those rhizomes in the following season.

Curcuma purpurascens Bl. is one of the less known Curcuma species and is
considered of minor importance .C. purpurascens, locally known as temu tis in
Yogyakarta, Indonesia, is also known as Solo’s (east of Yogyakarta) temu glenyeh or
temu blenyeh, whose scientific name is Curcuma soloensis Val. . Villagers from the
Kediri district of East Java plant C. purpurascens or temu tis at the base of Mount Wilis.

The rhizomes are dried and ground before being sold to wholesalers as alternative
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medicine. The powdered rhizomes are usually taken together with other herbs to treat
ailments, such as cough and skin infections. Temu tiscan grow up to 1.75 m in height and
usually flowers from October to February. Morphologically, the rhizomes of temu tis are
similar to those of common turmeric (Curcuma longa). However, cross-sections of the
rhizomes of temu tis are slightly bigger and paler in colour in comparison to common
turmeric. Hence, the dried ground rhizomes of temu tis are often used to adulterate dried
ground rhizomes of common turmeric and Curcuma xanthorrhiza (locally known as

temulawak) for higher profit margins.

The rhizome of C. purpurascens were collected from Yogjakarta, Indonesia and
a voucher specimen (KL 5793) was deposited at the herbarium of the Department of

Chemistry, Faculty of Science, University of Malaya, Kuala Lumpur, Malaysia.

C. purpurascens is a herb with branched rhizome, outside and inside with orange-
yellow color with whitish tips; leaf blades elliptical (55-70 cm x 19-23 cm), green but
purple along the midrib above; inflorescence terminal on a leafy shoot, bracts pale green,
coma bracts white at base and pale green towards the top or almost entirely white, outside
pale brown spotted at the top; corolla about 5 cm long, white; labellum about 17 mm x
17 mm, pale creamy yellow with a dark yellow median, other staminodes pale creamy
yellow, another with long spurs. C. purpurascens grows spontaneously in teak forest

(Figure. 2-11) (Koller, 2009a).

In the current study, Curcuma purpurascens Bl (C. purpurascens) rhizome extract
was used to study anti-cancer activity, gastro protective potential, and ability of wound
healing. Ethnopharmacological data have indicated usage of for many purposes such as
food additive and medicinal agents. A wide variety of secondary metabolites such as
alkaloids, tannins, terpenoids, and flavonoids have been discovered from C. purpurascens
rhizome so far. In vitro studies revealed antioxidant activity, drugs potential, and dietary

supplement in C. purpuracsens Bl rhizome. C. purpurascens rhizome have been utilized
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to treat wounds, scabies, itch, fever, cough, and boils. Previous studies have isolated
several active compounds such as 3,7-cyclodecadien-1-one, 3,7-dimethyl-10-(1-
methylethylidene), c-Elemene, a-Elemenone, ar-Turmerone, turmerone, curlone,
benzofuran, and 6-ethenyl-4,5,6,7-tetrahydro-3,6-dimethyl-5-isopropenyl from rhizome

of C. purpurascens (Rouhollahi, etal., 2014).

Figure 2.11: Curcuma purpuracsens B

Table 2.1: Taxonomy of Curcuma purpuracsens Bl

systematics

Domain eukaryotes
Kingdom plants
Division fanerogamer

Class Monocot flowering plants
Order Zingiberales
Family Zingiberaceae
Genus Curcuma

Pea Curcuma purpurascens
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CHAPTER 3: METHODOLOGY

3.1 Plant Collection and Preparation of Extracts

The C. purpurascens rhizome studied in this work was collected from Yogyakarta,
Indonesia, in 2012. A voucher specimen (KL 5793) was deposited in the herbarium of the
Chemistry department, Faculty of Science, University of Malaya, Kuala Lumpur,
Malaysia. The air-dried and powdered rhizomes (1.0 kg) were subjected to extraction
using n-hexane followed by dichloromethane. The resulting filtrate of the rhizome was
concentrated by a rotary evaporator at 40 "C. The extracts were stored at —20 'C.

(Rouhollahi, et al., 2014).

3.2 Evaluation of the Antioxidant Capacity of the Crude Extract

3.2.1 Scavenging Activity of DPPH

The antioxidant power of the C. purpurascens rhizome crude extracts were
determined using 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) stable free radical scavenging
assay. In the occurrence of an antioxidant which can donate an electron to DPPH, the
purple hue which is usual for free DPPH radical decays and the change in absorbance at
517 nm can be read. This assay evaluates the free radical scavenging capability of the
enquired specimen. The assay was conveyed out as described by (Gorinstein et al., 2003)
with minor modification. In brief, 1 mg from each extracts were dissolved in 1 ml
(DMSO), then diluted to five different concentrations (50, 25, 12.5, 6.25 and 3.125
pg/ml), Ascorbic acid and trolox were utilized as antioxidant standards. An amount of 5
pl of DPPH in triplicate was added and the decrease in absorbance value was assessed at
517 nm by UV 1601 spectrophotometer for 2 hours with 20 minutes gaps. The radical
scavenging activity was calculated from the following equation and the outcomes were

expressed as Mean + Standard Error (SEM):
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% of scavenging activity = (Abs blank — Abs sample) / Abs blank X100

3.2.2 Ferric Reducing Antioxidant Power (FRAP) Assay

The anti-oxidant power of C. purpurascens rhizome crude extracts were also
determined using a test sensitive to its scavenging ability towards reactive oxygen species
or reagents containing iron. In this regard, the ferric reducing anti-oxidant power (FRAP)
of both plant extracts were determined using the method described by (Benzie & Strain,
1996), with a slight modification. The FRAP reagent was prepared by mixing 300 mM
acetate buffer (3.1 mg sodium acetate /ml, pH 3.6), 10 mM 2,4,6-tripyridyl-S-triazine
(TPTZ) (Merck , Darmstadt-Germany) and 20 mM FeCl3H20 (5.4 mg/MI). The C.
purpurascens rhizome crude extracts, and the following standards; gallic acid, quercetin,
ascorbic acid , rutin, and 2,6-di-tert-butyl-4methyl phenol (BHT), were added in amounts
of 10 pL of 0.1mg/ml silymarin and added into 300 ul of the reagent TPTZ separately in
triplicate. The absorbance of the mixture was read using ELISA reader (UV 1601
spectrophotometer, Shimadzu, Kyoto, Japan) at 593 nm wavelengths at 0 minute and after
4 minutes. To compensate this deficiency, we performed the measurements in equivalent
amounts obtained by scaling the administered doses up by 20 times, respectively. The
reading from both plant extracts and were compared against those standards; gallic acid

,quercetin, gscorbic, rutin , and BHT (Asghar et al., 2008).

3.2.3 Total phenolic Content (TPC) Evaluation

The TPC of the C. purpurascens rhizome crude extract were determined by the Folin
Denis calorimetric method using Folin-Ciocalteau regent (Merck, Darmstadt, Germany)
in gallic acid equivalent. An amount of 1 mg of each crude extract was added into 100 pl
of Folin —Ciocalteau reagent, followed by incubating the mixture in the dark for 3
minutes. Then, 100 ul of sodium carbonate (1g/10 ml) solution was added to the mixture,

and mixed thoroughly. The final mixture was re-incubated in the dark for 1 h. All
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procedures were carried out in triplicate. Serial dilution of gallic acid (1 mg/ml DMSO)

was used to produce linear standard curve and the absorbance was read at 750 nm.

3.3 InVitro Anti-Cancer Study

3.3.1 Cell Lines and Culture Conditions

CCD841 (normal human colon epithelial cell line), HepG2 (human hepatoma cell
line), HT-29 (human colon cancer cell line), MDA-MB-231 (human breast cancer cell
line), PC-3 (human prostate cancer cell line) and WRL-68 (human hepatic cell line) were
purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA) and
maintained in RPMI-1640 (Sigma, St. Louis, Mo, USA) supplemented with 10% fetal
bovine serum (PAA Lab, Pashing, Austria), 100 U/ml penicillin and 100 mg/ml
streptomycin (PAA Lab) in a humidified atmosphere with 5% CO; at 37 °C. Untreated

medium containing vehicle DMSO (0.1%) was used as a negative control in this study.

3.3.2 Cell Proliferation Assay

In vitro cytotoxic effect of DECPR and HECPR was determined using MTT [3-
(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide] assay as described by
(Mosmann, 1983). In brief, cells (5 x 10* cells/ml) were treated with concentrations of
DECPR and HECPR in a 96-well plate and incubated for 24 h. After incubation time, the
MTT solution (5 mg/ml, 20 pl) was added and the plate was incubated for 2 h. DMSO
(100 pl) was then used to dissolve the formazan crystals. The absorbance was measured
at 570 nm with a microplate reader (Asys UVM340, Eugendorf, Austria). The suppressive
effect of DECPR and HECPR was expressed as 1C50 value. Since DECPR showed the
strongest suppressive effect towards HT-29 cells, we carried out further experiments only
on the respective colon cancer cell. The anticancer drug, 5-Fluorouracil (5-FU) (Sigma,
St. Louis, MO, USA) was used as a positive control towards HT-29 cells.

% cell viability = (abs of extract sample — abs of control/abs of control) X100
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3.3.3 Lactate Dehydrogenase (LDH) Release Assay

Release of LDH from treated colon cancer cells was measured using Pierce LDH
cytotoxicity assay kit (Thermo Scientific, Pittsburgh, PA, USA). Briefly, HT-29 cells
were treated with different concentrations of DECPR for 24 h. To determine the LDH
leakage, the supernatant of treated cells was transferred in 96-well plate. Triton X-100
(2%) as positive control was used to completely lyse the cells and release the maximum
LDH. Then, the LDH reaction solution (100 ul) was added to the cells for 30 min. The
red color intensity presenting the LDH activity was measured at the absorbance of 490
nm using a Tecan Infinite 200 Pro (Tecan, Mannedorf, Switzerland) microplate reader.
The level of released LDH from treated colon cancer cells was expressed against a

percentage of positive control.

3.3.4 Cytoskeletal Arrangement Assay

To determine the effect of DECPR on the cytoskeletal rearrangement, we used
cellomics cytoskeletal rearrangement kit (Thermo Scientific, Pittsburgh, PA, USA) as
described by (Liew et al., 2014). In brief, HT-29 cells at the exponential phase of growth
were treated with different concentrations of DECPR for 24 h. Then, treated cells were
fixed and stained with Hoechst and phalloidin dyes according to the vendor’s instructions.
At the end, the stained cells were examined for changes in cytoskeletal rearrangement

using ArrayScan HCS system (Cellomics Inc, Pittsburgh, PA, USA).

3.3.5 Reactive Oxygen Species (ROS) Generation Assay

To determine the effect of DECPR on ROS generation in colon cancer cells, we
carried out ROS assay. Briefly, HT-29 cells (1 x 10* cells/well) were seeded in a 96-well
plate for 24 h. Then, colon cancer cells were treated with different concentrations of
DECPR and incubated overnight. After the incubation time, treated cells were stained

with dihydroethidium (2.5 pg/ml, 50 pl) and Hoechst 33342 (500 nM) for 30 min. Next,
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cells were fixed with paraformaldehyde (3.5%) for 15 min and washed with PBS twice.
Formation of ROS in treated cells was measured using a cellomics array scan HCS reader

(Cellomics Inc, Pittsburgh, PA, USA).

3.3.6 Multiple Cytotoxicity Assay

The important characterizations of mitochondrial dependent apoptosis, including
changes in cytochrome C release and mitochondrial membrane potential (MMP) in
addition to cell membrane permeability were measured using a cellomics multiparameter
cytotoxicity 3 kit as described in detail by Lévborg and colleagues (Rickardson et al.,
2005). The fixed and stained HT-29 cells were exhaustively analyzed using the ArrayScan

HCS system (Cellomics Inc, Pittsburgh, PA, USA).

3.3.7 DNA Fragmentation Assay

A suicide- track DNA ladder isolation kit (Calbiochem, San Diego, CA, USA)
was used to observe DNA fragments (mononucleosome and oligonucleosomes) formed
during apoptosis. In brief, HT-29 cells were seeded at the density of 5 x 10* cells/ml in a
culture flask, and incubated for 24 h. They were then treated with DECPR at 12.5 and 25
ug/ml concentrations for 24 h. The treated cells were trypsinized and centrifuged at 1,000
rpm for 10 min. The pellet was gently re-suspended in 55 ul of solution #1 (kit
component). It was then mixed with 20 pl of re-suspension buffer. To detect the DNA
ladder, the extracted DNA samples were run on the 1.5% agarose gel in a Tris-acetic-
EDTA buffer. After electrophoresis, the gel was stained with Novel Juice Cat No. LD001-

1000, visualized with a UV light transilluminator, and photographed.

3.3.8 Caspase-3/7, -8 and -9 Activities Assay

Activation of caspases was measured by bioluminescent assay using caspase-Glo
3/7, 8, and 9 assay kits (Promega, Madison, WI, USA), according to the manufacturers

protocol. In brief, after seeding HT-29 cells in white-walled 96-well plates overnight, they
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were treated with different concentrations of DECPR for 24 h. Then, 100 pl caspase-Glo
reagent was added to each well and incubated at 25 “C for 30 min. The activation of
caspases in DECPR treated HT-29 cells caused the cleavage of aminoluciferin-labeled
synthetic tetrapeptide, which provides the substrate for the luciferase enzyme. A Tecan
Infinite 200 Pro (Tecan, Mannedorf, Switzerland) microplate reader was used to measure

the luminescent intensity presenting the caspases activities.

3.3.9 Quantitative PCR Analysis for Bax, Bcl-2 and Bcl-xI

The gene expression of Bax, Bcl-xl and Bcl-2 in treated HT-29 cells were
measured by quantitative RT-PCR assay analysis. Briefly, Zymo Research Quick-RNA
MiniPrep kit (Zymo Research, Freiburg, Germany) was used to isolate total RNA from
HT-29 cells after 24 h treatment with DECPR at ICso concentration. Next, complementary
DNA was synthesized using high capacity RNA-to-cDNA kit (Applied Biosystems,
Foster City, CA, USA), according to the vendor’s protocol. Quantitative RT-PCR was
performed with TagMan fast advanced master mix and TagMan gene expression assays
using the Applied Biosystems Step One Plus Real-Time PCR (Applied Biosystems,
Foster City, CA, USA). The IDs for TagMan gene expression assays used in this study
are Bax: Hs00180269 m1, Bcl-xl: Hs00236329 m1, Bcl-2: Hs00608023 ml and

GAPDH: Hs02758991_g1.

3.3.10 Western Blotting

To confirm the changes of mMRNA expression detected from quantitative RT-PCR
analysis, western blot assay was performed as described. In brief, after treatment of HT-
29 cells (1 x 10° cells/ml) with DECPR at different concentrations for 24 h, cells were
washed with PBS and lysed in ice-cold radio immuno precipitation assay buffer (RIPA,
Thermo Scientific (Rockford, IL, USA). Protein separation was carried out on 10%

resolving polyacrylamide gels (i.e., SDS-PAGE) followed by electroblotting at 25 mA
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for 2 h. After transforming the proteins to polyvinylidene fluoride membrane (Pierce,
Rockford, IL, USA), the membrane was blocked using a Blocker Casein (Pierce). The
blots were incubated overnight with specific primary antibodies; p-actin 1:10000 (Cat:
ab6276, Abcam), Bax 1:1000 (Cat: ab7977, Abcam), Bcl-2 (1:1000 Cat: ab18210,
Abcam), Bcl-xI (1:1000 Cat: ab32310, Abcam), and then exposed to peroxidase-coupled
secondary antibodies for 2 h. Subsequent detection of protein expression was carried out

using the Fusion FX7 system (Vilber Lourmat, Eberhardzell, Germany).

3.4 In Vivo Experiment

3.4.1 Animals and Ethical Issues

Healthy adult male and female Sprague Dawley rats (six weeks old and 200-220
g weight) were provided from the animal house of the AEU (Animal Experimental Unit,
University of Malaya). Rodents were housed in clean polyvinyl cages under the 12/12 h
light-dark conditions of 50—-60% humidity and a room temperature of 22—24 °C, Food and
water ad libitum. All animals received care according to the criteria outlined in the Guide
for the Care and Use of Laboratory Animals prepared by the United States National
Academy of Sciences and published by the National Institutes of Health. The FOM
Institutional Animal Care and Use Committee of University of Malaya approved all

protocols involving the experiment (Ethics No. 2014-03-05/PHAR/R/ER).

3.4.2 Acute toxicity study

To determine a safe range of doses for DECPR and HECPR, toxicity evaluation
was carried out as described by (Hajrezaie et al., 2012). In brief, 30 female rats, were
divided into five groups labeled as the vehicle (5% Tween 20), low dose of DECPR and
HECPR (2 g/kg) and high dose of DECPR and HECPR (5g/kg). The rats were fasted for
12 h prior to the dosing (water was accessible except for the last 2 h). Following the

dosing, food was withheld for another 1 to 3 h. All signs of toxicities and mortality were
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recorded during the period of two weeks. On day 15, the animals were sacrificed for

hematological and histological analysis (Figure 3.1) (Hajrezaie et al., 2014).
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Figure 3.1: flow chart of acute toxicity study.

Biochemical Test

Liver function test

Kidney function test
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3.4.3 Colon Cancer

3.4.3.1 Experimental Protocols

The experiment was performed as described by (Shwter et al., 2014). Male rats
were randomly divided into five group (n=6), namely, normal control, cancer control, low
dose of DECPR, high dose of DECPR and drug control (Figure 3.2). To induce ACF
formation, all of the rats, except normal control group, were subcutaneously injected with
AOM (15 mg/kg) once a week for two consecutive weeks. Normal control rats were
subcutaneously injected with normal saline (5 ml/kg). Then, rats were orally administered
with DECPR or Tween-20 (10%) once a day for two months according to the “Treatment”
column in Table 3-1, except for the rats in treatment control group. 5-Fluorouracil (5-FU,
Sigma) at 35 mg/kg dose intra-peritoneally injection administrated for five consecutive

days Table 3.1.

Table 3.1: The experimental design and specifications

Group Description Induction Treatment
A Normal control normal saline (5 ml/kg)  10% Tween-20 (5 mg/kg)
B Cancer control AOM (15 mg/kg) 10% Tween-20 (5 ml/kg)
@ Low dose AOM (15 mg/kg) DECPR (250 mg/kg)
D High dose AOM (15 mg/kg) DECPR (500 mg/kg)
E Drug control AOM (15 mg/kg) 5-FU (35 mg/kg)

3.4.3.2 Assessment of ACF

After two months of treatment, all rats were sacrificed with a over dose of
ketamine and xylazine. The extracted colon of rats were opened longitudinally and rinsed
with phosphate-buffered saline (PBS) prior to fixation between two filter papers in 10%

buffered formalin for 24 h. Then, proximal and distal segments of samples with equal
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length were stained with methylene blue (0.2%, Sigma) and enumeration of ACF was

performed under a light microscope (Olympus, Tokyo, Japan)(Bird, 1987).

3.4.3.3 Immunohistochemistry

Immunohistochemical analyses of tissue sections were performed as described in
details by (Bardi et al., 2014). In brief, after deparaffinizing and rehydrating tissue
sections, sodium citrate buffer (10 mM) was employed to perform antigen retrieval for 10
min. Samples were then cooled in tris buffered saline (TBS) prior to use the commercial
Dako ARK Peroxidase kit (DAKO, Carpinteria, CA, USA). Endogenous peroxidase was
blocked using peroxidase blocking solution for 5 min followed by rinsing the samples.
The slides were incubated with biotinylated primary antibodies against Bax (1:100), Bcl-
2 (1:100) and PCNA (1:200) for 15 min and then supplemented with streptavidin-HRP
for 30 min. Development of slides and counterstaining were performed using
diaminobenzidine (DAB) substrate chromogen and hematoxylin. For PCNA expression

as a tumor marker, the proliferation index (PI) was determined using the formula below.

3.4.3.4 Activity of Antioxidant Enzymes

To prepare the colon tissue homogenate, samples were washed and homogenized
in ice-cold PBS (10%) using a Teflon homogenizer (Polytron, Heidolph, Germany). Then,
samples were centrifuged at 4500 rpm for 15 min at 4 °C to dispose cell debris. The
supernatant was then employed to examine antioxidant activities using assay Kits for
catalase (CAT), glutathione peroxidase (GPx) and superoxide dismutase (SOD) (Cayman

Chemical, Ann Arbor, MI, USA), according to the manufacturer’s instructions.

3.4.3.5 Malondialdehyde

To determine the level of oxidative stress in colon tissue homogenates, a
commercial kit for thiobarbituric acid reactive substance (TBARS; Cayman Chemical

Company) was used according to the vendor’s instructions (Fraga et al., 1988).
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3.4.3.6 Western blotting

Western blot analysis was performed as described in detail by (Hajrezaie et al.,
2014). In brief, the colon tissues collected from rats were subjected to protein extraction
using protein extraction buffer (Pierce Biotechnology Inc., Rockford, Illinois, USA).
After quantifying the extracted protein using the Bradford method, samples (30 pg) were
run in a 10% SDS-PAGE gel followed by transformation to PVDF membranes (Pierce
Biotechnology Inc.). Then, membranes were blocked using the blocker casein (Pierce
Biotechnology Inc.) and samples were incubated overnight with specific primary
antibodies: PCNA, Bax, Bcl-2 and B-actin which were procured from Abcam Inc.
(Cambridge, MA, USA). After washing the samples with 0.1% TBST for 5 min, they
were probed with the appropriate peroxidase-coupled secondary antibodies for 2 h. Bands

were visualized using the Fusion FX7 system (Vilber Lourmat, Eberhardzell, Germany).
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Figure 3.2: Study flow chart for the chemoprevention ability of the extract of C. purpurascens.
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3.4.4 Gastroprotective Ability of the C. purpurascens Extract

3.4.4.1 Animals and Ethical Issues

Healthy Sprague Dawley female rats weighing between (200 g to 250 g) were
used. Rats were obtained from the animal house, Faculty of Medicine, Kuala Lumpur.
The animals were randomly divided into five groups (six rats/ group). The experimental
protocol was approved by the Animal Ethics Committee (Ethics No. 2014-03-
05/PHAR/R/ER). All rats were housed individually and maintained under standard
conditions of humidity (50-60%), temperature (22 £ 3°C) and light (12h light: dark cycle)
and fed chow diet and water ad libitum. Each rat was caged alone and fasted before
treatment (food, but water was with-drawn overnight). Throughout the experiments, all
criteria of taking care of animals were in line with the guidelines provided by the National
Academy of Sciences and defined in the “Guide for the care and use of laboratory

animals” (Rouhollahi, et al., 2014).

3.4.4.2 Experimental Design

The preventive potential of HECPR against superficial hemorrhagic mucosal lesions were
investigated in the normal rats. Prior to the experiment, Sprague Dawley female rats were
fasted for 24 h (water was accessible except for the last 2 h). Thirty rats were divided
randomly into 5 groups of 6 rats each and pre-treated according to table 3.2. After 1 h of
pre-treatment, all the rats were gavaged with 5% Tween 20 (5 ml/kg) or absolute ethanol
(5 ml/kg) based on the animal experimental design. The rats were sacrificed 1 h later with
an over-dose of xylazine and ketamine and their stomachs were immediately excised

(Rouhollaht, et al., 2014).
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Table 3.2: The gastroprotective ability of the C. purpurascens extract study

Groups
Group A
Group B
Group C
Group D
Group E

Name of group
Vehicle control
Ulcer control
Reference drug
pretreated group 200 mg/kg
pretreated group 400 mg/kg

Orally administration
5% Tween 20 (5 ml/kg)
5% Tween 20 (5 ml/kg)
20 mg/kg Omeprazole (5ml/kg)
200 mg/kg DECPR (5ml/kg)
400 mg/kg DECPR (5ml/kg)

Time
After one hour
After one hour
After one hour
After one hour

After one hour

Orally administration
5 ml/kg 5% Tween 20
5 ml/kg absolute ethanol
5 ml/kg absolute ethanol
5 ml/kg absolute ethanol

5 ml/kg absolute ethanol
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3.4.4.3 Determination of the Mucosal Content and Gastric Juice Acidity

The stomach of each rat was dissected along the greater curvature, and pH-meter
titration with 0.1 N NaOH was used to analyze the hydrogen ion concentration in the
gastric contents were expressed in mEg/I value. Then, a glass slide was applied to gently
scrape the gastric mucosa of the rats followed by the weighing of the obtained mucus with

a precision electronic balance.

3.4.4.4 Macroscopic Analysis of Lesions

In accordance with several studies, ethanol-induced ulcers on the gastric mucosa
were characterized as elongated bands of hemorrhagic lesions parallel to the long axis of
the stomach (Kumar et al., 2013). The hemorrhagic damage of the stomach was
determined by assessment of luminal surface. The protective potential (P%) of each pre-
treatment was calculated using a planimeter (10 x 10 mm?) and dissecting microscope
(1.8x) where UC and UT were the ulcer area of the control and treated group, respectively.
The measurement of ulcer area was performed as described in detail by (Abdelwahab et

al., 2011).

3.4.4.5 Determination of Lipid Peroxidation Activity

To measure malondialdehyde (MDA) concentration, we carried out thiobarbituric
acid reactive substance (TBARS) assay as described previously (Draper et al., 1993). In
brief, the homogenated stomach (10% w/v) in 0.1 mol/l PBS was centrifuged at 4°C for
10 min. Then, the supernatant (3 ml) was mixed with 20% trichloroacetic acid solution
and 0.67% 2-thiobarbituric acid followed by heating in a water-bath (95°C) for 30 min.
Next, the MDA concentration of the obtained supernatant was determined
spectrophotometrically at 532 nm. The protein concentrations were expressed as MDA

umol/g protein using the Lowry method (Hartree, 1972).
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3.4.4.6 Determination of Superoxide Dismutase (SOD) Activity

The activity of SOD enzyme was estimated by determining its potential to
suppress the photochemical reaction of NBT (nitroblue tetrazolium), as previously
described by Sun and colleagues (Sun et al., 1988). In this assay, the homogenated tissues
were centrifuged twice at 4°C for 10 and 20 min. In a dark chamber, the reactant (1 ml,
50 mM phosphate buffer, 100 nM EDTA and 13 mM I-methionine, pH 7.8) was mixed
with the resulting supernatant (30 pl), NBT (150 ul, 75 uM) and riboflavin (300 pl, 2
uM). The resulting solution was exposed to fluorescent light bulbs (15 W) for 15 min and

the absorbance was determined at 560 nm wavelength using a spectrophotometer.

3.4.4.7 Nitric Oxide Level

To evaluate the effect of HECPR on nitric oxide (NO) generation in the
gastrointestinal tract, Griess reaction was used to determine total nitrite/nitrate levels, as
described by Tsikas and colleagues (Tsikas et al., 1997). In brief, the supernatant (50 ul)
of the homogenated stomach was mixed with the Griess reagent. After 10 min, the
subsequent colorimetric analysis was carried out at 540 nm using a Tecan Infinite 200
Pro microplate reader (Tecan, Méannedorf, Switzerland). The generated NO in the culture
supernatant was determined using a standard curve of sodium nitrite and results were

expressed as pmoles nitrite/nitrate per gram of protein.

3.4.4.8 Histological Evaluation of Gastric Lesions

Histological analysis of the specimens of the gastric walls was carried out using
10% buffered formalin for the fixation. The samples were embedded in paraffin followed

by 5 um sectioning and staining with hematoxylin and eosin.
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3.4.4.9 Immunohistochemical Evaluation

Immunohistochemical analysis of Bax and HSP70 proteins was carried out as
previously described with some modifications (Hajrezaie et al., 2014). In brief, tissues
were paraffinized in xylene and rehydrated using graded alcohol. The boiling sodium
citrate buffer (10 mM) was used for antigen retrieval process followed by
immunohistochemical staining according to the manufacture’s instruction
(Dakocytomation, USA). After blocking the endogenous peroxidase with peroxidase
block, Bax (1:200) or Hsp70 (1:500) biotinylated primary antibodies were applied and
the sections were incubated for 15 min. Next, sections were incubated with the
appropriate amount of streptavidin—HRP for 15 min. The sections were then exposed to
diaminobenzidine substratechromagen for 5 s, then dipped in weak ammonia (0.037
mol/L) for ten times. Brown stains on the slides indicated positive findings of the

immunohistochemical staining as observed under a light microscope.
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Figure 3.3: The gastroprotective ability of the C. purpurascens extract study flow chart
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3.4.5 Wound Healing Ability of C. Purpurascens Extract

3.4.5.1 Excision wound model

The excision wound model was used to study the wound healing effect of HECPR
in rats. The rats were generally anesthetized using intra-muscular injection of ketamine
and xylazine prior to the wound creation. The necks of the rats were thoroughly shaved
with sterile razor blade and disinfected with alcohol (70%). After marking an oval wound
on the shaved necks of the rats, a full thickness of the excision wound (approx. 2.00 cm)
with 2 mm depth was created without any damage to the muscle layer using a sterile
surgical blade and disinfected scissors (Fig 3.4). The neck area was chosen for this

experiment to preclude the rats from biting and stretching the wound area.

Figure 3.4: The excision wound model on day 0, before starting treatments
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3.45.2 Grouping, Ointment Administration and Wound Closure

Percentage

Four groups (n = 6/group) of rats were used for the experiment. Group A: wounds
were treated with vehicle (negative control), group B: wounds were treated with HECPR
(100 mg/kg, low dose), group C: wounds were treated with HECPR (200 mg/kg, high
dose) and group D: wounds were treated with intrasite gel (1 g/kg). Starting from the day
of wounding (day 0), treatment samples (0.2 ml) were topically dressed over the entire
wound twice daily for 20 days. Wound contraction (mm?) was measured by tracing
margins of the wound using transparent graph papers on days 5, 10, 15 and 20. The
evaluated surface area was then employed to determine the wound healing percentage of
each rat through calculation of the wound reduction from the initial size (Tamri et al.,

2014).

3.4.5.3 Histological Evaluation

On 20" day after surgery, the cross-sectional full-thickness specimens of skins
were excised from healed wounds and surrounding tissues. Samples were fixed and
processed using a paraffin tissue-processing machine (Leica, Germany), and then 5 um
sections were stained with Hematoxylin & Eosin (H & E) and Masson Trichrome

stainings to examine the histopathological alterations.

3.4.5.4 Immunohistochemistry Analysis

The Bax and Hsp70 protein expressions were evaluated in each formalin-fixed
paraffin-embedded wounded tissue section, as previously described in detail (Hajrezaie
et al.,, 2014). Immunostaining was performed using the EGFR pharmDx kit
(DakoCytomation; Carpinteria, CA, USA), according to the manufacturer’s protocol. In
brief, endogenous peroxidase activity was quenched using a peroxidase block. Tissue

sections were then incubated with Bax (1:200, Cat: ab7977, Abcam, Cambridge, MA,
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USA) and Hsp70 (1:500, Cat: ab2787, Abcam) biotinylated primary antibody for 15 min
followed by another 15 min incubation with streptavidin—horseradish peroxidase. The
sections were incubated with diaminobenzidine tetrahydrochloride for 5 min, and then
counterstained with hematoxylin and 0.5% ammonia in water. The brown illustrations of

samples under a light microscope demonstrated positive findings.

3.4.5.5 Enzymatic Activities

On day 20" after surgery, the granulation tissues (200 mg) were homogenized in
Tris-buffer. The tissue homogenates were centrifuged at 6000 RPM for 20 min at 4°C and
the supernatant was employed for the further assessment of the enzymatic activities. The
commercial kits (Cayman, Ann Arbor, MI, USA) were applied to measure the activity of
catalase (CAT) (Item NO. 707002, Cayman, USA), glutathione peroxidase (GPx) (Iltem
NO.703102, Cayman, USA) and superoxide dismutase (SOD) (Iltem NO. 706002,

Cayman, USA) in tissue homogenates, according to the vendor’s protocol.

3.4.5.6 Lipid Peroxidation

Lipid peroxidation in wound tissue homogenates was determined by measuring
malondialdehyde (MDA) content (Item NO. 10009055, Cayman, USA), a direct product
formed as a result of peroxidation of lipids, using Wills method as previously described
(Wills, 1966). MDA level was assayed in the form of thiobarbituric acid reactive
substances and represented as nmol of MDA formed/mg protein. 1.1 Gas

Chromatography of C. Purpurascens Hexane and Dichloromethane Extracts

The gas chromatography analysis of C. purpurascens hexane and dichloromethane
extracts were performed using an Agilent and LECO. RESTEK, Rxi-5MS capillary
column (30 m, 0.25 mm i.d., 0.25 um film thickness) and a mass spectrometer Pegasus
HT High Throughput Time-of-flight mass spectrometry (TOFMS). The carrier gas was

helium at a flow rate of 1 ml/min. Column temperature was initially 40 °C for 5 min, then
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gradually increased to 160 °C at 4 °C/min, and finally increased to 280 °C at 5 °C/min and
held for 10 min. For GC-MS detection an electron ionization system was used with
ionization energy of 70 eV. The fraction was diluted 1:100 (v/v) with ethyl acetate and
1.0 pl of the diluted sample was injected automatically in split less mode. Injector
temperature was set at 250 °C. Samples were identified from their mass spectra, by
comparison of the retention times of peaks with interpretation of MS fragmentation
patterns from the National Institute of Standards and Technology (NIST147) Mass

Spectral Database(Karimian et al., 2014).

3.4.5.7 Statistical Analysis

Results were analyzed by one-way analysis of variance, followed by Tukey’s
post-hoc test and expressed as mean + standard error of 6 animals per group. Statistical
analyses were performed using the SAS 9.1 statistical program (SAS Institute Inc., Cary,

NC, USA). All comparisons were considered significant at P<0.05.
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Figure 3.5: Study flow chart for the wound healing ability of the C. purpurascens extract
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CHAPTER 1: RESULTS

4.1 Antioxidant Properties of DECPR and HECPR

4.1.1 DPPH Scavenging Activity of DECPR and HECPR

The percentage of DPPH inhibition of DECPR and HECPR extracts is illustrated
in (Figure 4.1). Results showed that DECPR 1Csp (13.52 + 0.42 pg/ml) which was higher
than that of HECPR ICsp (9.81 £ 0.31 pg/ml) and the standards ascorbic acid and trolox
(4.67 £ 0.32 and 8.86% 0.21 pg/ml respectively). Results indicate that the ability of
DECPR to scavenge DPPH is lower than that of HECPR which has better scavenging

activity that approaches the capacity of the standard trolox.

DPPH

Figure 4.1: DPPH free radical scavenging activities of HECPR and DECPR

compared with the standards, Ascorbic acid, and Trolox

4.1.2 FRAP Capacity of DECPR and HECPR

As illustrated in (Figure 4.2), the ferric reducing antioxidant power (FRAP) of
HECPR was significantly higher (p<0.05) (2341.32 + 45.40 mmol/Fell/mg) than DECPR

which measured 1501.38 + 25.12 mmol/Fell/mg.
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The measured value from both extracts were significantly lower than ferric
reducing power of the standards; gallic acid, quercetin, ascorbic acid, rutin, and butylated
hydroxytoluene or BHT (24149.44+ 4540, 19212.11+35.31, 10312.17+29.81,
5138.15+15.40, 3150.31+11.40 mmol/Fell/mg, respectively) based on these readings, it
is reasonable to extrapolate that HECPR has high antioxidant activity and DECPR must

be containing sufficient acceptable level of anti-oxidant activity.
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Figure 4.2: Ferric reducing power (FRAP) of the DECPR and HECPR

Ferric reducing power (FRAP) of the DECPR and HECPR as compared with the
standards; gallic acid, quercetin, ascorbic acid, rutin, Trolox, BHT. Values were
expressed as Mean £ SEM.

4.1.3 Total Phenolic Content of DECPR and HECPR

Figure 4.3 shows the total phenolic content (TPC) of 1 mg of DECPR and
HECPR. Results showed that TPC of DECPR and HECPR were (450.32+ 6.76, 461.15+
7.32 mg GAE/mg extract respectively), moreover, there was no significante difference
between the TPC value of DECPR and HECPR. These results showed that both plant

extracts have high phenolic content.
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Figure 4.3: Total phenol content (TPC) of DECPR and HECPR

4.2 Invitro results

4.2.1 MTT Cell Viability Assay

To determine the effects of hexane and dichloromethane extracts of C.
purpurascens rhizome on human cancer cells, the viability of eight different cancer cell
lines after 24h treatment with the extract were examined using MTT assay. As shown in
Table 4.1, hexane and dichloromethane extracts showed the extensive range of cytotoxic
effects towards cancer cells (ICso ranged from 5.43 £ 0.38 to 52.23 + 1.31 pg/ml). The
results showed that DECPR induced higher cytotoxic effects on cancer cells when
compared with the hexane extract. Furthermore, DECPR elicited the strongest anti-
proliferative effect on HT-29 colon cancer cells with the I1Csq value of 5.43 + 0.38 pg/ml.
The relatively higher 1Cso value of DECPR on WRL-68 and CCD841 compared to the
cancer cells suggested the safety of this plant on normal human cells and its selective

cytotoxic effects.
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Table 4.1: Anti- proliferative activity of Curcuma purpurascens Bl. on some normal and cancer cells

Extract 1Cs0 (ng/mL)

HT-29 HepG2 PC-3 MDA-MB-231 CCD841 WRL-68
Hexane pg/ml 11.83+1.21 12.85+1.18 13.43+1.20 20.34 £1.02 49.77 £1.82 55.42+1.79
Dic/:hlloromethane 5.43+0.38 7.36 £ 0.82 8.59 +0.93 12.39+1.12 45.69 £ 1.77 52.23+1.31
Hg/m

The data represent the means + SEM of three independent experiments. *P< 0.05 compared with the untreated group
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4.2.2 Cytotoxic Effects of DECPR and HECPR by LDH Release Assay

Any kind of cell demise, including apoptosis and necrosis is associated with LDH
release caused by irreversible cell membrane damage. Hence, measurement of the LDH
leakage from cells into the medium is an easy marker to determine cytotoxic activity. In
order to confirm the anti-proliferative effect of DECPR observed in MTT assay, we
measured the level of released LDH from HT-29 cells after 24 h of treatment. As depicted
in Figure 4.4, DECPR caused a significant and dose-dependent elevation in LDH release
at 6.25 to 50 pg/ml concentrations, compared to the control. The results of MTT and LDH
assays together confirmed the noticeable antiproliferative effect of DECPR towards HT-

29 cells.
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Figure 4.4: Lactate dehydrogenase (LDH) assay of DECPR on HT-29 cells

LDH assay elicited the cytotoxicity of DECPR towards HT-29 cells. The result
showed significant LDH release at concentrations of 6.25 to 50 pg/ml, in a dose-
dependent manner. The data represent the means + SEM of three independent
experiments. *P< 0.05 compared with the untreated group.
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4.2.3 Induction of Cytoskeletal Rearrangement and Nuclear Fragmentation by

DECPR

Since DECPR showed a significant cytotoxic potential towards HT-29 cells,
further mechanistic studies were carried out with this extract. To investigate the
cytoskeletal and nuclear changes in HT-29 cells after DECPR treatment, Hoechst
33342 and phalloidin dyes were used to detect perturbation in nucleus and F-actin,
respectively. As illustrated in (Figure 4.5A), HT-29 treated cells elicited clear sign of
DNA shrinkage and fragmentation after 24 h of treatment. In addition, F-actin
perturbations at the peripheral membrane of HT-29 cells revealed the cytoskeletal
rearrangements induced by DECPR, which was significant at 12.5 to 50 pg/ml
concentrations (Figure 4-5B). These morphological changes suggest the induction of

apoptosis by DECPR.
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Figure 4.5: Induction of Cytoskeletal Rearrangement and Nuclear Fragmentation by DECPR

HT-29 cells were treated with different concentrations of DECPR for 24 h and stained with Hoechst 33342 (blue) for nucleus and phalloidin (red)
for polymerized actin (F-actin). White arrows depict DNA fragmentation and shrinkage. Representative bar chart showed the significant reduction in
fluorescent intensity of phalloidin at 12.5 to 50 pg/ml concentrations showing the cytoskeletal rearrangement induced by DECPR. The data represent the
means = SEM of three independent experiments. *P < 0.05 compared with the untreated group.
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4.2.4 Reactive Oxygen Species (ROS) Generation

The level of ROS in HT-29 cells after DECPR treatment was examined using the
oxidative-sensitive dihydroethidium probe which converts to fluorescent ethidium and
intercalates into DNA as a result of ROS generation. When HT-29 cells were treated with
DECPR for 24 h, ethidium derived fluorescence dose-dependently increased showing the
capacity of DECPR to cause intracellular oxidation (Figure 4-6A). Quantification of the
fluorescence intensity with HCS system demonstrated significant ROS production at 6.25
to 50 pg/ml concentrations (Figure 4.6B). The level of ROS was elevated to more than 2-
fold at 12.5 pg/ml concentration compared to the control. This result showed that DECPR

promotes oxidative stress in HT-29 cells upon treatment.
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Figure 4.6: ROS generation in the presence of DECPR

HT-29 cells were treated with vehicle DMSO or DECPR at 12.5 pg/ml concentration, stained with Hoechst 33342 dye (blue) for
nucleus and dihydroethidium for ROS detection. Representative bar chart showed significant ROS generation at 6.25 to 50 pg/mi
concentrations after 24 h treatment with DECPR. The data represent the means £ SEM of three independent experiments. *P< 0.05
compared with the untreated group.
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425 Effect of DECPR on Nuclear Morphology, Membrane Permeability,

Mitochondrial Membrane Potential (MMP) and Cytochrome C Release

To determine the possible mechanism of action in which DECPR suppressed the
proliferation of HT-29 cells, we investigated the changes in the critical apoptosis-related
factors, namely nuclear morphology cell membrane permeability, MMP and cytochrome
C. As depicted in (Figure 4.7), cell membrane permeability in control cells was marked
with green fluorescent dye, which was conspicuously elevated in DECPR-treated cells.
Meanwhile, the red fluorescent intensity of control cells was noticeably attenuated after
DECPR treatment showing in MMP (Figure 4.7). In addition, cyan fluorescent intensity
in control cells presenting the cytochrome Cleakage from mitochondria to cytosol was
markedly lightened upon treatment with DECPR (Figure 4.7). The gquantitative analysis
of the fluorescent (Figure 4.8) intensity of three markers showed a dose-dependent and
significant increase in cell membrane permeability and cytochrome C leakage at 6.25 to
50 pg/ml concentrations. The MMP of treated HT-29 cells was also significantly reduced

at these concentrations.
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Figure 4.7: Effect of DECPR on nuclear morphology

Effect of DECPR on nuclear morphology, membrane permeability and mitochondrial membrane potential (MMP) and
Cytochrome C release, HT-29 cells were treated with DECPR at different concentrations for 24 h. After fixing the cells, they

were stained with Hoechst 33342, membrane permeability, MMP and cytochrome C dyes following with HCS analysis of the
stained cells.
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Figure 4.8: Effect of DECPR on membrane permeability mitochondrial membrane potential (MMP) and Cytochrome C release

Representative analysis of the figures showed that DECPR at 6.25 to 50 pg/ml concentrations significantly elevated the cell membrane
permeability and cytochrome C release. Meanwhile, at 12.5 to 50 pg/ml concentrations, there was a significant collapse in MMP.
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4.2.6 Induction of Caspases Activation by DECPR

Since morphological and biochemical characterizations of apoptosis were
observed in DECPR-treated HT-29 cells, we measured the activity of different caspases
as key mediators of apoptosis using an aminoluciferin-labeled caspase substrate. Between
initiator caspase-8 and -9, DECPR only induced the activity of caspase-9 with dose-
dependent and significant elevation at 6.25 to 50 pg/ml concentrations. Meanwhile, the
activity of initiator caspase-8 elicited no significant perturbation. In addition, the
activation of executioner caspase-3/7 was significantly increased at the same
concentrations (Figure 4.9). The results of caspases activity associated with MMP
changes and cytochrome C release strongly suggest the induction of mitochondrial-

mediated apoptosis by DECPR.
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Figure 4.9: Effect of DECPR on caspase 3/7, 8, and 9 activation in HT-29 cells

Cells were treated with different concentrations of DECPR for 24 h following with
bioluminescent analysis of caspases activities. The quantitative analysis showed the
significant activation for caspase-3/7 and -9 at 6.25 to 50 pug/ml concentrations, while
there was no significant fold-change in caspase-8 activity.

4.2.7 Induction of DNA Fragmentation by DECPR

To elucidate late stage of apoptosis, DNA laddering assay was performed. The
exposure of HT-29 cells to DECPR at 12.5 and 25 pg/ml concentrations for 24 h led to

apparent DNA fragmentation, as shown by the formation of DNA ladders in the agarose
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gel (Figure 4.10), whereas the control did not reveal any DNA fragmentation. The ability

to cause DNA fragmentation is one of the hallmarks of late apoptotic cell death.

Concentration (prg/ml)

Control Dox 12.5 25

Figure 4.10: DECPR induced DNA fragmentation in HT-29

Cells were exposed to DECPR at 12.5 and 25 pg/ml concentrations for 24
h.Doxorubicin (Dox, 10 ug/ml) was used as a positive control. After incubation, the
extracted DNA samples were run on the 1.5% agarose gel in a Tris-acetic- EDTA
buffer, stained and visualized with a UV light transilluminator.

4.2.8 Changes in Expression of Apoptosis-Associated Molecules by DECPR

Bcl-2 family of proteins has critical role in the regulation of mitochondrial-
mediated apoptosis, and perturbation in the expression of these genes trigger a variety of
biochemical changes. Hence, we examined the mRNA expression of the pro-apoptotic
and anti-apoptotic molecules upon treatment with DECPR. Pro-apoptotic gene, Bax
showed dose-dependent and significant mMRNA up-regulation after 24 h treatment with
DECPR at 12.5 to 50 pg/mL concentrations. Meanwhile, at the same concentrations, there
was a significant down-regulation in the mRNA expression of Bcl-2 and Bcl-xI (Figure
4.11). These changes were also confirmed at the protein level using a Western blot

analysis (Figure 4.12).
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Figure 4.11: Quantitative RT-PCR analysis of apoptosis-associated genes in HT-29 cells

Showed significant up-regulation of Bax and down-regulation of Bcl-2 and Bcl-xI at the mRNA level. The data represent the means + SEM of
three independent experiments. *P< 0.05 compared with the untreated group.
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Figure 4.12: Western blot analysis of DECPR on HT-29 cells

DECPR induced changes in expression of mitochondrial-dependent proteins.
Western blot analysis confirmed up-regulation of Bax and down-regulation of Bcl-2 and
Bcl-xI at the protein level.
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4.3 In Vivo Results

4.3.1 Safety of DECPR and CPRHE

In the acute toxicity analysis, the rats were orally administered with DECPR and
HECPR at dosages of 2 g/kg and 5 g/kg and were monitored for 2 weeks. The result of
study did not reveal any report for mortality or any sign of toxicity in rats. There was no
detectable sign of toxicity in serum biochemical and hematological parameters of the
treated groups compared with the vehicle group Table 4.2, 4.3, 4.4, 4.5, 4.6, and 4.7. The
histological analysis showed the structures of the kidney and liver remain normal

confirming the safety of DECPR and HECPR at the doses tested (Figure 4.13 and 4.14).
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Figure 4.13: Histological sections of kidney and liver tissue treated with DECPR

Histopathology of kidney (first row) and liver (second row) in acute toxicity study representing the rats treated with vehicle
(5% Tween 20), DECPR (2 g/kg) and (5 g/kg). The result did not show significant differences in the structures of kidney and liver
between treated and control groups (H & E stain, 20x magnifications).

98



Vehicle HECPR 2g/kg HECPR 5g/kg

Liver

Figure 4.14: Histological sections of kidney and liver tissue treated with HECPR

Histopathology of kidney (first row) and liver (second row) in acute toxicity study representing the rats treated with vehicle
(5% Tween 20), HECPR (2 g/kg) and (5 g/kg). The result did not show significant differences in the structures of kidney and liver
between treated and control groups (H & E stain, 20x magnifications).
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Table 4.2: Effects of DECPR on renal function test

Group

Vehicle
2 g/kg

5 g/kg

Sodium
(mM/L)

138.25 £ 0.46
139.56 + 0.39

140.87 + 0.73

Potassium
(mM/L)

4.76 + 0.07
5.05+0.63

4.89 +0.035

Chloride
(mM/L)

102.67 £ 0.38
104.37 + 0.46

103.47 £ 0.48

CO2(mM/L) Anion

26.78 + 0.53

28.64 £ 0.54

27.81+0.42

(MMIL)

13.37 +0.46
14.68 £ 0.65

14.78 + 0.36

Urea (mM/L) Creatinine

4.39+0.27

4.85 +0.36

5.16 +0.29

(M/L)

30.68 + 1.59
29.87 +£2.24

31.48 +2.17

Values are expressed as mean + S.E.M. There are no statistically significant differences between the measurements in different groups. The

significant value was set at p< 0.05.
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Table 4.3: Effects of HECPR on renal function test

Group Sodium
(mMI/L)
Vehicle 142.23 + 0.45
20/kg 143.54 + 0.37
5g/kg 143.85 + 0.82

Potassium
(mM/L)

4.85+ 0.06
512+0.72

491 +0.034

Chloride
(mM/L)

104.45 + 0.45
106.54 + 0.54

105.27 + 0.56

CO2 (MMI/L)

23.89 + 0.64
21.49+0.73

22.85+0.48

Anion
(mM/L)

19.36+ 0.48
19.58 +0.75

19.95 +0.39

Urea (mM/L)

5.28 +0.58
5.93+0.43

5.68 +0.37

Creatinine
(WM/L)

30.75+1.87
29.81+2.27

31.46 +2.19

Values are expressed as mean + S.E.M. There are no statistically significant differences between the measurements in different groups. The

significant value was set at p< 0.05.
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Table 4.4: Effects of the DECPR on liver function test

Group

Vehicle
2 g/kg
5 g/kg

Total protein

(9/L)

67.52 +0.76
65.46 + 0.38

63.78 £ 0.82

Albumin
(9/L)

948 £0.21
8.67 +0.43

8.68 £ 0.29

Globulin
(9/L)

51.39+141
51.14 +1.25

50.32 +1.27

B
(pmol/L)

2.25+0.17
2.21+0.15

2.23+0.16

AP (U/L)

ALT (U/L)

151.64 +549 4754+1.27

15243 +5.68 44.72+1.63

15456 +6.75 43.69+1.35

AST (U/L)

170.21 +5.28

169.57 £ 6.51

171.35 +6.49

GGT(UIL)

2.39 +0.35
2.48 +0.49

2.65 +0.37

Values are expressed as mean = S.E.M. There are no statistically significant differences between the measurements in different groups. The significant
value was set at p< 0.05. TB: Total Bilirubin; AP: Alkaline Phosphatase; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; GGT: G-
Glutamyl Transferase.
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Table 4.5: Effects of the HECPR on liver function test

Group

(9/L)
Vehicle 60.76 + 0.94
2 g/kg 58.57 +0.57
5g/kg  59.67 +1.29

9.56 + 0.39

8.35+0.53

8.87 £0.19

51.07+1.28

50.68 +1.32

50.25 +1.45

Total Protein ~ Albumin (g/L) Globulin (g/L) TB (umol/L)

2.19+0.13

2.14+0.16

215+ 0.14

AP (U/L)

154.45 +5.37

153.23 £5.87

155.73 +6.82

ALT (U/L)

50.49+1.34
45.65+1.74

46.76 + 1.48

AST (U/L)

173.82 +5.38

175.48 + 6.49

176.27 + 6.52

GGT (U/L)

3.45+0.27
3.37 +0.53

3.57 £0.43

Values are expressed as mean = S.E.M. There are no statistically significant differences between the measurements in different groups. The significant
value was set at p< 0.05. TB: Total Bilirubin; AP: Alkaline Phosphatase; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; GGT: G-

Glutamyl Transferase.
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Table 4.6: Effects of the DECPR on hematological parameters

Group HGB HCT RBC MCV(fL)
(g9/dL) (%0)
(108 Cells/uL)
Vehicle 15.42+0.13 45+0.00 10.56+0.14 61.23+0.59
2g/kg 15.23+0.12 44+0.00 10.63+0.17 62.65+0.48

5g9/kg 15.27+0.11 44+0.00 10.79+0.15 61.84+0.39

MCH (pg)

17.31+ 0.27
17.79 £ 0.27

18.62 +0.31

MCHC
(g/dL)
34.48 +0.16
34.45+0.33

34.14 +0.28

RDW (%)

18.12 + 0.47
19.25+0.61

20.79 + 0.36

WBC
(10%cells/pL)
7.21 +0.44
7.26 +0.36

7.33+0.38

Platelet

(108 cells/pL)
988.71 + 23.58
996.41 + 25.34

1012.64+ 23.21

Values are expressed as mean + SEM. There are no significant differences between groups. Significant value at p<0.05. HGB: Haemoglobin; HCT:
Haematocrit; RBC: Red Cell Count; MCV: Mean Corpuscular Volume; MCH: Mean crepuscular Haemoglobin; MCHC: Mean Corpuscular
Haemoglobin Concentration; RDW, Red Cell Distribution Width; WBC, White C
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Table 4.7: Effects of the HECPR on hematological parameters

Group HGB HCT RBC MCV(fL) MCH(pg) MCHC RDW (%) WBC Platelet
(g/dL) (%) (9/dL)

(106 cells/uL) (10%cells/p (103 ells/uL)
L)
Vehicle 15.03+0.13 46+0.00 9.38+0.13 5012+ 0.65 19.25x0.31 34.22+0.19 17.03+0.44 6.12+0.47 986.75% 3.65
2 g/kg 1547+£0.13 46+0.00 9.64+0.18 5854 +0.63 1889+0.36 34.04+0.35 1823x0.58 6.23+0.34 995.36%5.32

5 g/kg 1598+0.12 46+0.00 9.83+0.16 57.78+0.76 18.59+0.29 34.93+0.22 18.77+0.34 6.31+0.39 1011.52+23.18

Values are expressed as mean + SEM. There are no significant differences between groups. Significant value at p<0.05. HGB: Haemoglobin; HCT:
Haematocrit; RBC: Red Cell Count; MCV: Mean Corpuscular Volume; MCH: Mean Corpuscular Haemoglobin; MCHC: Mean Corpuscular
Haemoglobin Concentration; RDW, Red Cell Distribution Width; WBC, White Cell.

105



4.3.2 Colon Cancer Chemoprevention Results

4.3.2.1 Analysis of Rat’s Body Weight and Serum Biochemistry Parameter

The body weight of all rats were taken at the beginning (atlst week) of the

experiment then weekly up to 10 weeks table 4.8. Although there are differences between

groups among the treatment but statistically there were no significant differences in the

body weight among the groups. The parameters of liver and kidney function tasted for all

groups were analyzed and compared to their vehicle group and there was no significant

difference observed in any of groups compared to their respective groups table 4.9 &

4.10.

Table 4.8: Effect of DECPR on rat’s body weight in AOM-induced colon cancer

Group Week 1
Normal control group 182+ 5.6
Cancer control group 185+ 4.7
Drug control group 181+4.1
DECPR low dose 186+ 6.2
DECPR high dose 184+ 3.3

Week 10
442+ 9.12
436+ 10.3
452+ 9.11
461+ 8.7

455+ 11.4

Values expressed as mean + S.E.M. there are no statically difference between the
measurements in different groups. The significant value was set at P< 0.05.
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Group

Normal control group
Cancer control group
Drug control group
DECPR low dose

DECPR high dose

Table 4.9: Effect of DECPR on liver function test in AOM-induced colon cancer

Total protein
(g/L)

67.5% 3.2
65.4+ 2.1
69.8+ 4.7
70.3£0.61

68.7+ 2.3

Albumin (g/L)

11.5+0.26
11.3+0.31
10.2+0.43
11.12+0.16

11.0+0.35

AST (IU/L)

210.3+ 3.23
206.5+ 4.27
209.5+ 3.41
2115+ 451

214.5+ 6.6

ALT (IU/L)

61.4+ 1.23
65.3+1.19
64.1+ 1.28
62.5+ 1.34

63.4+ 1.25

GGT (IU/L)

5.5+ 0.3

4.2+ 0.23
4.3+ 0.35
4.4+ 0.26

5.3+0.19

Values expressed as mean + SEM there are no statistically significant differences between groups. The significant value was set at P< 0.05, compared
with cancer group. ALT: alanine aminotransferase; AST: aspartate aminotransferase GGT: G-glutamyl transferase.
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Table 4.10: Effect of DECPR on renal function test in AOM-induced colon cancer study

Group

Normal control group

Cancer control group
Drug control group
DECPR low dose

DECPR high dose

Urea(mmol/L)

5.3+ 0.11

5.2+0.15
4.31+0.17
454+ 0.14

5.1+ 0.12

Creatinine(umol/L)

52.3£4.12

50.8+5.23
52.1+4.11
49.3+5.17

51.4+4.24

Values expressed as mean + SEM there are no statistically significant differences between the measurements for all different groups. The significant

value was set at P< 0.05
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4.3.2.2 Counting the Aberrant Crypt Foci (ACF)

ACF were mostly observed in the proximal part of colon. ACF in the colon were counted
and the average of the total number of ACF and the number crypts per focus were
obtained. ACF were observed in the colon as well as in multicrypt clusters (more than
four crypts / focus) of aberrant crypts table 4.11. Rats treated with AOM and fed with the
low and high DECPR showed significant reduction of total ACF/colon compared with
AOM-control rats (80 £ 6.13 and 57+ 5.78) inhibition respectively, P < 0.05. The
incidence of multiple aberrant crypts /focus was also significant inhibited in rats fed with
compounds when compared with AOM-induced rats. As shown in Figure 4.15, ACF were
mainly distributed in the middle of the colon in rats treated with AOM alone. DECPR
significantly suppressed the number of ACF in the distal, middle and proximal colon

compared to AOM treated group, P<0.05.
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Table 4.11. Effect of DECPR on AOM-induced colon ACF in rats

Group

Normal control group
Cancer control group
DECPR low dose
DECPR high dose

Drug control group

1 crypt

0
46 +1.22
19 +1.03"
14 +2.08"

*

14 +0.50

2 crypt

0
47 +£1.89
24 +1.28"
19+1.79

14 +1.39"

No. of crypts per ACF

3 crypt

0
55+ 1.98
22 +2.62"
15 +1.24"

11+1.22°

4 crypt and
more

0
34 +1.40
15 + 1.20
9+0.67

8 +0.58"

Total

0
182 + 6.47
80 +6.13"
57 +5.78"

47 + 3.69"

Values are expressed as mean + S.E.M. the significant value was set at *P<0.05, compared with cancer control group.

Inhibition
(%)

56.04
68.68

74.17
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Figure 4.15. Effect of DECPR on ACF formation in proximal and distal parts
of the colons separated from the treated rats

Five groups of rats included (A) normal control, (B) cancer control, (C) low dose
of DECPR, (D) high dose of DECPR and (E) 5-FU treatment control. Data are shown as
means = SEM; (n=6). Values are statistically significant at *P<0.05.

4.3.2.3 Topographic Views of Colon

As depicted in figure 4.16, no aberrant crypts were identified with methylene blue
staining in the intact colons of normal control rats. The number of ACF per colon, which
is considered as a marker for tumour initiation were significantly higher in AOM-control
group compared to DECPR. The multiplicity of ACF (number of crypts per ACF), which

is considered as a marker for tumour promotion, was significantly higher in the AOM

group.

111



... " . : ’ r \ °
h? .«J“(;;w l.m\,’.ﬁ“,'}:‘ )

-

Figure 4.16: Topographic views of colon mucosa of group treated with DECPR

Effect of DECPR on gross appearances of ACF (arrows) on the colon mucosa separated from the treated rats and stained with methylene blue
dye. Five groups of rats included (A) normal control, (B) cancer control, (C) low dose of DECPR, (D) high dose of DECPR and (E) 5-FU treatment
control. Magnification 20X.
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4.3.2.4 Histological Classification of ACF

Histological examination of haematoxylin and eosin-stained sections was
performed to determine the extent of colon injury for each section. Example slides
obtained from the histological examination under the light microscope were given in
(Figure 4.17). In the control rats, there were no pathological abnormalities, the colon
sections looked normal with regular cellular architecture and were clear of any pathology.
Normal control group showed circular shape and basal location of the nuclei. According
to H& E staining photos from dysplastic ACF, elongated nuclei loss, of cell polarity,
increase in mitosis, lack of goblet cells and narrow lumen in epithelial cells of ACF were
observed compared to the surrounding normal crypts. The rats in 5-flourouracil treated
group exhibited significantly lesser pathology as compared to the extensive colon damage
found in the AOM treated group. The histopathological examination of the colon sections
from the rats treated with DECPR revealed reduced degree of pathology. These results
provided microscopic evidence again demonstrating the significant inhibition of the

compounds to counter balance the negative effects of AOM in the colon tissue.
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Figure 4.17: Histological study of colon cancer in the rat treated with DECPR

Five groups of rats were included (A) normal control, (B) cancer control, (C) low dose of DECPR, (D) high dose of DECPR and (E) 5-FU
treatment control. The section was cut parallel to the muscle layer. (H & E stain; Magnification 100X).
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4.3.2.5 Immunohistochemistry Analysis

Photomicrographs of ACF exhibiting grades of nuclear morphology from colons
of rats receiving AOM were captured. All section were cut parallel to the muscle layer.

The presence of elongated and stratified nuclei were noted throughout the crypt.

4.3.2.5.1 Proliferating Cell Nuclear Antigen (PCNA) Staining of Colons and Cell

Counting

The PCNA was evaluated as a marker for cell proliferation in the colon specimens.
Sections of colon samples from the control group and the DECPR treated group are shown
(Figure 4.18). The PCNA positive staining cells in the nucleus (brown) of mucosa of the
colon tissue were much stronger in azoxymethane treated rats than in the DECPR group.
PCNA negative cells (blue) were stained with haematoxylin. The PCNA labelling index
is also shown in (Figure 4.19) .The colon section from the AOM control group showed a

higher number of positive cells than the treated group.
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Figure 4.18: Immunohistochemical analyses of the expression of PCNA in the colon tissues treated with DECPR

Five groups of rats were included (A) normal control, (B) cancer control, (C) low dose of DECPR, (D) high dose of DECPR and (E) 5-FU
treatment control. Immunohistochemical staining for PCNA protein revealed a down-regulation of PCNA proteins in the rats treated with DECPR
(Magnification 100X).
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Figure 4.19: Immunohistochemical analyses of the expression of PCNA in
the colon tissues treated with DECPR

Five groups of rats were included (A) normal control, (B) cancer control, (C) low
dose of DECPR, (D) high dose of DECPR and (E) 5-FU treatment control.
Immunohistochemical staining for PCNA protein revealed a down-regulation of PCNA
protein in the rats treated with DECPR. All values are expressed as the mean + the SEM.
The mean difference was significant at the P< 0.05 level compared to the cancer control

group.
4.3.2.5.2 Bax Staining of Colons and Cell Counting

Since inhibition of higher dose of DECPR prevents the AOM-induced ACF
formation, the proliferation index was measured by staining colon sections with anti- Bax
antibodies. The Bax was evaluated as a marker for cell proliferation in the colon
specimens. Sections of colon samples from the control groups and treatment groups with
DECPR are shown in (Figure 4.20) respectively. The immunohistochemical Bax staining
of the colon sections from the azoxymethan group revealed a lower number of positive

cells than those from the azoxymethan plus treatment groups.
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Figure 4.20: Immunohistochemical expression of Bax in colon tissues of control and experimental groups of rats

Five groups of rats were included (A) normal control, (B) cancer control, (C) low dose of DECPR, (D) high dose of DECPR and (E) 5-FU
treatment control. Bax protein expression is illustrated as brown staining (Magnification 100X).
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4.3.2.5.3 Bcl-2 Staining of Colons and Cell Counting

Since inhibition of higher dose of DECPR prevents the AOM-induced ACF
formation, the proliferation index (P1) was measured by staining colon sections with anti-
Bax antibodies. The Bcl-2 was evaluated as a marker for cell proliferation in the colon
specimens. Sections of colon samples from the control groups and treatment groups with
DECPR are shown in (Figure 4.21) respectively. The immunohistochemical Bcl-2
staining of the colon sections from the azoxymethan group revealed a higher number of

positive cells than those from the azoxymethane plus treatment groups.
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Figure 4.21: Immunohistochemical expression of Bcl-2 in colon tissues of control and experimental groups of rats

Five groups of rats were included (A) normal control, (B) cancer control, (C) low dose of DECPR, (D) high dose of DECPR and (E) 5-FU
treatment control. Bcl-2 protein expression is illustrated as brown staining (Magnification 100X).
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4.3.2.6 Western Blot

In order to investigate the mechanisms by which DECPR evoke apoptosis,
proteins isolated from normal control group, AOM control group and colon mucosa of
the rats fed with high and low dose of DECPR were subjected to western blot analysis.
Western blots of colonic lysates from control, AOM alone and AOM induced treated
groups with DECPR at 8 weeks are shown in (Figure 4.22). According to the western blot
result, Bcl-2 and PCNA were up regulated in cancer control group. Bax protein was up-
regulated in the AOM-induced group treated with DECPR compared to the AOM control

group which was down-regulated.

PCNA || = s sy o ——

Figure 4.22: Western blot analysis of PCNA, Bax and Bcl-2

Five groups of rats were included (A) normal control, (B) cancer control, (C) low
dose of DECPR, (D) high dose of DECPR and (E) 5-FU treatment control. B-actin
western blotting was used as the control band.

4.3.2.7 Antioxidant Activities of Homogenized Colon

Measurement of antioxidant activities showed that the levels SOD, CAT and GPX
in colon cancer homogenized samples treated with both doses significantly increased

compared with cancer control group. The MDA level of the colon homogenized tissue
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was significantly decreased in comparison with cancer control group. During oxidative
stress the body uses its defence mechanism to minimize the process of lipid peroxidation
by using these antioxidant enzymes, thus, the activity of those enzymes become higher in
early stages of AOM induction, but when the insult continue for a long period, the
enzymes become depleted and are unable to fight against free radicals, which means that
in advance stages of peroxidation due to AOM, the activity of catalase and SOD declined
as shown in (Figure 4.23). On the other hand, in the AOM control group, there is a
significant increase of MDA level compared to the normal control group observed,
indicating acute hepatocytes damage. Treatment of animals with DECPR and 5-

fluorouracil significantly reduced the level of MDA and lipid peroxidation.
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Figure 4.23: Effect of DECPR on antioxidant enzyme activities and on MDA

Five groups of rats were included (A) normal control, (B) cancer control, (C) low dose of
DECPR, (D) high dose of DECPR and (E) 5-FU treatment control. All values are
expressed as the mean £ SEM. The mean difference was significant at the P< 0.05 level

compared to the cancer control group.
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4.3.3 Gastroprotective Ulcer

4.3.3.1 PH of Gastric Content and Determination of Mucus Production

The acidity of gastric content in rodents administered orally with ethanol was
significantly increased compared to the normal control group, as shown in table 4.12.
After treatment with omeprazole (positive control), the acidity was significantly
attenuated (P < 0.05) and animals pre-treated with HECPR at high dose and low dose
elicited significant (P < 0.05) elevation of PH. The gastric mucus content was
significantly depleted in animals pre-treated with ethanol. Meanwhile, omeprazole and
HECPR treatment significantly replenished the loss in mucosal content P< 0.05, table

4.12. The findings of both parameters suggested the anti-ulcer effect of HECPR.
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Table 4.12. Gastroprotective effect of HECPR against ethanol-induced gastric injury

Animal Groups

A) Normal control

B) Lesion control (alcohol)

C) drug control (omeprazole)

D) HECPR (200 mg/kg)

E) HECPR (400 mg/kg)

PH of Gastric
tissue

4.02 +.004

2.54 £ 0.17

5.60 +0.24"

4.47 +£0.09

5.12+0.41"

Mucus Weight
(9)

0.89 +0.03

041+0.01

0.79 £0.03"

0.68 £0.02

0.72 £ 0.02"

Ulcer area
(mm)?

880 + 16.23

195 +8.97"

455 + 12.24"

325+ 10.67"

Inhibition
(%0)

77

48

63

MDA (pmol/mg
protein)

10+11

28 +2.98

13+0.71"

21+0.22"

17 +0.41"

SOD(U/mg
protein)

528 +16.51

333 +9.98

481 + 12.22"

393+ 7.67"

459 +10.73"

Nitric oxide
(nmol/mg protein)

10+1.3

5.9+0.47

*

91+14

*

76%0.8

*

8.4+0.9
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4.3.3.2 Macroscopic Evaluation of Gastric Lesions

The administration of ethanol to the rats induced noticeable black hemorrhagic
lesions in the gastric walls (Figure 4.24) (group B) with ulcer area of 880 + 16.23 mm 2
table 4.12. As shown in (Figure 4.24), rodents pre-treated with HECPR (group D and E)
and omeprazole (group C) had markedly reduced areas of gastric ulcer formation in
comparison with lesion control group (group B). Pre-treatment of rats with HECPR at
doses of 200 mg/kg and 400 mg/kg suppressed the ulcer area formation to 455 + 12.24
mm? and 325 + 10.67 mm? respectively, which was comparable to the suppressive effect
of omeprazole 195 + 8.97 mm?. The incidence of ulcer was decreased by 48% and 63%
after treatment with HECPR at doses of 200 mg/kg and 400 mg/kg, respectively table
4.12. Itis worthy to note that HECPR treatment helped to flatten the gastric mucosal folds

in rodents (group D and E).
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Figure 4.24. Gross evaluation of stomach in rats

Results demonstrated that the rodents pre-treated with (C) omeprazole and HECPR at doses of (D) 200 mg/kg and (E) 400 mg/kg had
conspicuously decreased area of gastric ulcer formation compared to (B) ulcer control. (A) Normal control group demonstrated no gastric lesion
formation.
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4.3.3.3 Assessment of Stomach Malondialdehyde and Superoxide

Dismutase

To determine the effects on lipid peroxidation and oxidative stress, we determined
the level of MDA in gastric tissue homogenate. After treatment with ethanol, the MDA
level (28 = 2.98 umol/mg) was significantly (P < 0.05) elevated compared to the normal
control group (10 + 1.1 umol/mg). The results showed that administration of HECPR and
omeprazole before ethanol significantly (P < 0.05) decreased the MDA level compared
to the lesion control group (Figure 4-25 A) Ethanol treated rodents elicited a significantly
lower SOD activity compared to the normal control group (P < 0.05), which was elevated

upon treatment with HECPR (Figure 4.25 B).

4.3.3.4 Assessment of Nitric Oxide Level

The perturbation in nitric oxide levels of the stomach was investigated using
Griess reagent, as shown in (Figure 4.25 C). In gastric tissue homogenate, the nitric oxide
level in lesion control group was markedly (P < 0.05) lower (5.9 = 0.47 umol/mg protein)
compared to the normal control group (10 + 1.3 umol/g protein). Administration of
HECPR significantly (P < 0.05) elevated nitric oxide level, which was comparable to the

nitric oxide-generation effect of omeprazole.
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Figure 4.25: Effect of HECPR on the level of SOD, Nitric oxide, MDA in ethanol induces gastric ulcer,

(6rats/group). Values are presented as mean + SD.*significant at P < 0.05compared with ulcer control group.
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4.3.3.5 Histological Assessment of Gastric Lesions by Haematoxylin and

Eosin Staining

Microscopic analysis of the gastric lesions in the ulcer control group elicited
extensive damage to the gastric mucosa of the rodents characterized by disrupted surface
epithelium and deeply penetrated necrotic lesions into mucosa associated with
conspicuous leucocytes infiltration and severe edema of submucosal layer (Figure 4.26)
(group B). Pretreatment with HECPR (group D and E) and omeprazole (group C) revealed
a protective effect by reduction in leucocytes infiltration and submucosal edema. The
replenishment of the loss in mucus content by HECPR was evidenced by the stumpy
amount of magenta color in the histological analysis as compared to the control group
(group D and E). The results showed that HECPR pre-treatment at high dose and low

dose markedly disrupted ethanol-induced destruction of gastric mucosa.
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Figure 4.26: Histological study of ulcer in rats treated with HECPR

Histopathology of rodents pre-treated with (C) omeprazole or HECPR at the doses of (D) 200 mg/kg and (E) 400 mg/kg compared to the (B)
lesion control group. (A) Normal control group demonstrated normal histological structure. (H and E stain10x).
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4.3.3.6 Histological Examination by Periodic Acid-Schif (PAS)

The histological examination by PAS staining was conducted to estimate the level
of gastric mucus that coat the gastric mucosa in the ethanol-induced gastric lesion model.
The gastric mucus is a gel —like substance produced and secreted by the surface epithelial
cells of the gastric mucosa. Figure 4.27 shows the PAS staining results for the HECPR
groups. PAS staining (violet color accumulation) at the surface cells and neck part the
gastric glands was observed with moderate to strong color (depending on the administered
dose ) in the experimental rats from the pre-treated HECPR groups . By contrast, adequate
PAS staining was not observed in the ulcer control group (B). In addition, observation of
strong PAS staining at the surface epithelium and neck part of the gastric glands (violet

granules) in the experimental rats pretreated with omeprazole (group C).
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Figure 4.27: Stomach histological evaluation by Periodic Acid- Schiff (PAS)

Histopathology of rodents pre-treated with (C) omeprazole showed excellent accumulation of gastric mucous or HECPR at the doses of (D) 200
mg/kg and (E) 400 mg/kg exhibited mild to moderate mucous accumulation on the surface of gastric epithelial cells compared to the (B) lesion control
group. (A) Normal control group demonstrated normal histological structure. (PAS stain10X).
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4.3.3.7 Immunohistochemistry

Immunohistochemical analysis of the gastric injuries revealed that pre-treatment
with HECPR at the doses of 200 mg/kg and 400 mg/kg caused conspicuous up-regulation
of Hsp70 protein when compared with the ulcer control group (Figure 4.28). In addition,
the expression of Hsp70 in normal control group was relatively higher than the expression
in ulcer control group. Immunohistochemical examination of Bax protein indicated a
down-regulation of this protein after administration of HECPR and omeprazole.
Meanwhile, the expression of Bax was up-regulated in ulcer control group in comparison

with normal control group.
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Figure 4.28: Immunohistochemical examination of Hsp70

The results depicted the up-regulation of Hsp70 proteins in rats pre-treated with (C) omeprazole and HECPR at the doses of (D) 200 mg/kg and
(E) 400 mg/kg compared to the (B) lesion control group. (A) Normal control group demonstrated normal immunohistochemical structure.
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Figure 4.29: Immunohistochemical examination of Bax

The results depicted the down-regulation of Bax proteins in rats pre-treated with (C) omeprazole and HECPR at the doses of (D) 200 mg/kg and
(E) 400 mg/kg compared to the (B) lesion control group. (A) Normal control group demonstrated normal immunohistochemical structure.
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4.3.4 Wound Healing Evaluation Parameters

This study was carried out in order to verify the ability of HECPR to enhance the
wound healing process. Circular excision wound model was employed for assessing the
in vivo wound healing activity of these medicinal plants. Two percent concentration
solution of gum acacia used to prepare plant extract at dose 100mg/ml and 200mg/mi

applied on the experimentally created excision wounds of rats.

4.3.5 Wound Area Contraction

A blinded observer, who was unaware of the experimental protocol, evaluated the
wound healing rate. Macroscopically the wounds dressed with HECPR showed
considerable signs of dermal healing and healed significantly faster compared with the
vehicle control group (gum acacia in normal saline) on the day 20" after the wounds were
incurred (Figure 4.30). Grossly, wounds dressed with Intrasite gel (Group 4) revealed
remarkable wound repair and significantly accelerated rate of healing compared with the
control group (Group 1). Moreover, Group 4 exhibited the highest healing rate among all

the groups.

The wound-healing rate of HECPR on the wounds dressed with 200mg/ml was
almost equivalent to the healing rate in Group 4. Rats treated with 100mg/ml HECPR
showed faster wound-healing rate than rats in Group 1, but this rate was slower than the
wound healing rate of Groups 3 and 4.the above findings suggesting that a high dose of
HECPR may be as effective as Intrasite gel in improving the progression of wound-
healing . The estimation of wound closure in rats for HECPR are shown in (Figures 4.30).
Wound closure was measured to determine the percentage of wound healing in each rat.
During the course of the study, the wound closure percentage in the vehicle control group

was significantly lower than any of the HECPR or Intrasite gel groups. Rats treated with

136



a high dose of HECPR 200mg/ml had a comparable level of healing with the rats given
the Intrasite gel, as well as slightly higher level of healing than the rats treated with a low
dose of HECPR 100mg/kg. The above evaluations provide further independent
confirmation that HECPR treatment effectively improves skin wounds in a dose-
dependent manner. On the other hand, the results demonstrated that rats treated with
HECPR had significantly (P<0.05) higher values of inhibition than the vehicle control
group. Intrasite gel induced a significant reduction in the wound area on the 5th day when

compared with the other groups.
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Figure 4.30: Gross appearance of excision wound healing area in rats

Gross appearance of the excision wound in rats after treatment (0.2 ml) with (A) blank placebo, (B) HECPR (100 mg/ml), (C) HECPR (200 mg/ml) and
(D) intrasite gel on excision wound contraction.

138



Measurements of wound healing progression as induced by HECPR and the reference
drug and the vehicle control groups are shown in (Figure 4.31). Wound margin was traced
after wound creation using transparent paper and the wound area was measured using
graph paper. Wound contraction was measured over an interval of 5 days until the 20"
day. In the excision wound model, the wounds of animals treated with HECPR at doses
(100 and 200) mg/ml contracted at a significantly higher rate by day 20 (P<0.05) as

compared with the vehicle control group.
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Figure 4.31. Effect of topical treatment of HECPR on rats

Effect of topical treatment (0.2 ml) with (A) blank vehicle, (B) HECPR (100
mg/ml), (C) HECPR (200 mg/ml) and (D) intrasite gel on excision wound contraction %
wound closure after 5, 10,15 and 20 days. Values are expressed as mean + SEM, n = 6
animals in each group. * p<0.05 vs negative control rats (A).
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4.3.5.1 Histological Evaluations of Healed Wound Area

The histology of the wound tissue on the 20" day after wounding was evaluated
by an observer blinded to the experimental protocol. In the HECPR treated groups, the
wound enclosure is smaller, and the granulation tissues contained comparatively less
inflammatory cells and more collagen, fibroblast and blood proliferating capillaries

compared with the vehicle control group (Figure 4.32).

Histological examination of haematoxylin and eosin (H & E) sections of the
wound tissues treated with HECPR is shown in Figure 4.32. The microscopic appearance
of the skin of the control group revealed greater scar width at 10X and 100X
magnification. The granulation tissue had high amounts of inflammatory cell infiltrate
fibroblasts, angiogenesis (blood vessel formation) was visible, and a few collagen fibers
were formed. Skin from the intrasite gel and high dose of HECPR group had a smaller
scar width at 10X magnification, with less inflammatory cell infiltrate, more fibroblasts,

blood vessel formation and collagen deposition than other HECPR.
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Figure 4.32: Histopathological view of excision wound healing after H & E staining at two magnifications

. On the 20" day of treatment, wound tissues were processed from (A) blank vehicle, (B) HECPR (100 mg/ml), (C) HECPR (200 mg/ml) and (D)
intrasite gel administrated rats. Skin sections illustrating dermis (D), epidermis (E), GT, granulation tissue and scar width (S). Scale bar: 12000 um (low
magnification) and 10 um (high magnification).
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4.3.5.2 Masson’s Trichrome Staining of Healed Wound in Rats

Masson’s trichrome staining of wounds healed by HECPR are shown in Figure
4.33. The degree of collagen deposition as determined by Masson’s trichrome staining is
illustrated at magnification of 10X. Sections of skin tissue from the blank vehicle group
appeared to be normal with minimal signs of collagen deposition. Skin tissue from the
intrasite gel group showed high collagen accumulation, indicating that some level of
healing had started. Section of skin tissue from the HECPR group 200mg/ml showed
extensive collagen accumulation, whereas skin sections from the other HECPR group at

doses of 100mg/ml showed mild to moderate collagen accumulation.

142



Figure 4.33: Photomicrographs of healed wound stained with Masson Trichrome at two magnifications

On the 20" day, wound tissues were taken from (A) blank vehicle, (B) HECPR (100 mg/ml), (C) HECPR (200 mg/ml) and (D) intrasite gel
administrated rats. CF, collagen fibre; IN: inflammatory cell; S: scar width. Scale bar: 1000 pum (low magnification) and 10 um (high magnification).
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4.3.5.3 Immunohistochemistry

4.3.5.3.1 Topical Application of HECPR Effect on Bax Expression

Immunohistochemical analyses of the Bax expression of the HECPR in rat
wounds are shown in (Figures 4.34B). Bcl-2-associated protein (Bax) staining of the
wound from the HECPR group showed greater Bax staining. Histopathological
examination of the intrasite gel group showed considerably less Bax staining compared
with the control group. Furthermore, wounds from the HECPR-treated groups showed
less Bax staining with few inflammatory cells, indicating improvement in healing.
Sections of the healed wounds showed that the Bax protein expression was higher in the
control group compared with the other groups that received treatment. The intrasite gel
group and HECPR groups showed decreases of Bax protein expression when compared
with the control group. Furthermore, 200 mg/ml of HECPR showed higher Bax protein

expression compared with 100mg/ml of HECPR.

4.3.5.3.2 Topical Application of HECPR Induced Up-Regulation of Hsp70

Immunohistochemical analyses of the HSP70 expression in wounds healed with
HECPR are shown in Figure 4.34A. The immunohistochemical reaction of heat shock
protein 70 (HSP70) staining results showed that the control group had normal histological
examination of healed wounds with lower HSP70, whereas the intrasite gel group showed
fewer inflammatory cells with higher fibroblasts and an increase in HSP70 protein
expression compared with the control group. The groups treated with HECPR showed
fewer inflammatory cells and increased HSP70 protein expression levels compared with
the vehicle group. Tissue sections of the healed wounds showed that HSP70 protein
expression was lower in the control group compared with the other groups that received

treatment. The Intrasite gel and HECPR groups had increased HSP70 protein expression
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when compared with the control group. Furthermore, 200 mg/ml of HECPR showed the

higher HSP70 protein expression compared with 100mg/ml of HECPR.
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Figure 4.34: Bax and Hsp70 staining of wound area

Immunohistochemistry of wound tissue sections for Bax (first row) and Hsp70 (second row) proteins from four groups of rats treated with (A)
blank placebo, (B) HECPR (100 mg/ml), (C) HECPR (200 mg/ml) and (D) intrasite gel after 20 days. Immunopositivity as shown by brown staining
demonstrated down-regulation of Bax and up-regulation of Hsp70 in groups B-D. Scale bar: 10 pm.
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4.35.4 Antioxidant Evaluation in the Healed Wound Area

Antioxidant enzymes (CAT, GPx, and SOD) were estimated in this study to
evaluate the progression of the wound healing process and to determine the effect of
HECPR. The results revealed that elevated CAT level was significant compared with
vehicle control group (Figure 4.35A). A similar result was obtained with regard to GPx

and SOD levels (Figure 4.35B and Figure 4.35C respectively).

Estimations of the effect of HECPR on catalase (CAT) in the tissue homogenate
of dermal wounds in rats is shown in Figure 4.35 A. The effect of HECPR on CAT
enzyme activity among the different experimental groups was analaysed. In the tissue
homogenization of the dermal wounds of the rats, the CAT levels were decreased in the
control group compared with the other groups. On the other hand, the HECPR groups
showed increases in CAT levels compared with the control group. The results indicate
that treatment with HECPR increased CAT levels in the tissue homogenate, as shown in
the intrasite gel groups, which demonstrated the possible protective property of HECPR
against tissue damage. Intrasite gel group had the highest CAT levels at a value of (84.56
U/mg protein), which is higher than the value of the HECPR 200mg/ml group

(79.55U/mg protein).

Antioxidant enzyme GPX was estimated in this study to evaluate the progression
of the wound healing process and determine the effect of the HECPR. The results revealed
that elevated GPX level was significant p<0.05 compared with vehicle control group
(Figure 4.35C). The results indicate that treatment with HECPR increased GPX levels in
the tissue homogenate, as shown in the Intrasite gel groups, which demonstrated the
possible protective property of HECPR against tissue damage. Intrasite gel group had the
highest GPX levels at a value of (3.08 £ 0.12U/mg protein), which is higher than the value

of the HECPR 200mg/ml group (2.46 £+ 0.40U/mg protein).
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Evaluation of SOD in the tissue homogenates of dermal rat wounds for HECPR
is shown in table 4.13.The effect of HECPR on SOD among the different experimental
groups was analyzed. SOD levels were decreased in the control group at a value of (13.67
U/mg protein). The groups treated with HECPR and Intrasite gel had increased the levels
of SOD concentration U/mg protein compared with the negative control group. In
addition, in terms of treatment, Intrasite gel had the highest SOD level at a value of 34.18
U/mg protein. The SOD results were higher in rats dressed with HECPR and Intrasite gel
than blank placebo group. The above results collectively support the suggestion that
HECPR may provide a favourable host environment for accelerating the wound healing

process.
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Figure 4.35: Effects of HECPR on CAT, GPX and SOD level in the healed
wound area in the rats.

Values are presented as mean £ SEM* Significant (P <0.05) compared with the
vehicle control. CAT, GPx and SOD from four groups of rats: (A) vehicle, (B) HECPR

(100 mg/ml), (C) HECPR (200 mg/ml) and (D) intrasite gel, Values are expressed as
mean + SEM, n = 6 animals in each group. * p<0.05 vs negative control rats (A).
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4355 HECPR Attenuated the MDA Level

The estimation of lipid peroxidation index and TBARS-malondialdehyde (MDA)
in tissue homogenates of dermal rat wounds is shown in Figure 4.36 for HECPR. MDA
levels vary among different treatment groups. The intrasite gel group showed a
significantly lower (P<0.05) MDA level compared with control group. Generally rats
dressed with gum acacia showed significantly increased levels of lipid peroxidation when
compared with the groups treated with HECPR at doses 100mg/ml and 200mg/ml.
Notably, among all the groups treated with HECPR and intrasite gel showed the lowest
MDA levels at value of (22.12 + 0.15 nmol/mg protein) at dose 100mg/ml in the wound
homogenates. The above findings indicate that the skin of wounds dressed with HECPR

may have been protected from lipid peroxidation during the course of the experiment.
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MDA(nmol/mg protein)

Figure 4.36: The MDA level in wounds tissues homogenates from four groups
of rats

(A) Vehicle control, (B) HECPR (100 mg/ml), (C) HECPR (200 mg/ml) and (D)
interasite gel showed significant attenuation in topically treated rats with HECPR (100
mg/ml and 200 mg/ml) and Intrasite gel. Values are expressed as mean = SEM, n = 6
animals in each group. * p<0.05 vs negative control rats (A).

4.3.6 Gas Chromatography Profile of DECPR and HECPR

As shown in Figure 4.39 and 4.40, the dichloromethane and hexane extract of C.
purpurascens was characterized with a GC-MS-TOF analysis. The gas chromatography
profile of DECPR and HECPR showed that the detected compounds in DECPR are c-
Elemene (1), a-elemenone (2), ar-turmerone (3), turmerone (4) and curlone (5), with
turmerone (4) as the major compound and the major compounds in HECPR are c-elemene
(1), benzofuran, 6-ethenyl-4,5,6,7-tetrahydro-3,6-dimethyl-5-isopropenyl (2), 3,7-
cyclodecadien-1-one,3,7-dimethyl-10-(1-methylethylidene) (3), turmerone (4) and

curlone (5) table 4.14 and 4.15.
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Figure 4.37 : A gas chromatogram of the chemical constituents of DECPR

Figure 4.38: A gas chromatogram of the chemical constituents of HECPR
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Table 4.13: The possible compounds in DECPR were characterized using a

GC-MS-TOF analysis

Peak No. Name of Compounds Retention Time () Mass
1 c-Elemene 1810.45 189
2 a-Elemenone 2119 218
3 ar-Turmerone 2235.55 216
4 Turmerone 2245.75 218
5 Curlone 2319.85 218

Table 4.14: The possible compounds in HECPR were characterized using a

GC-MS-TOF analysis

Peak No. Name of Compounds Retention Time (s) Mass

1 c-Elemene 1812.55 189

2 benzofuran, 6-ethenyl-4,5,6,7- 1931.3 216
tetrahydro-3,6-dimethyl-5-isopropenyl

3 3,7-cyclodecadien-1-one,3,7- 2123.3 218
dimethyl-10-(1-methylethylidene)

4 Turmerone 2254.45 218

5 Curlone 2326.55 218
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Figure 4.39: Chemical structure of Ar-turmernone (peak NO.4) Identified in

DECPR
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CHAPTER 5: DISCUSSION

5.1 Antioxidant Activity

The presence of antioxidant activity in plants is important because of health by playing
an important role in protecting the body cells from damage by oxidative stress. The
secondary metabolites in plants are the most biologically active natural product
compounds; therefore, plants are the sources of food antioxidants, and these includeas
vitamin E, vitamin C, phenolic acids, carotenes and phytoestrogens. Polyphenol or
phenolic compounds are a group of secondary metabolites; they are composed in the
optimal structure from one aromatic ring, holding one or more hydroxyl groups. The
simplest molecular form is phenolic acid and ranging from the flavonoids to more
complex structure compounds (polymerized compounds) as lignin or tannins (Gupta et
al., 2005). Plants are considerable the major natural sources to the polyphenols
compounds (flavonoids and non- flavonoids); which gives the color and flavor in the
plants (Barreto et al., 2009). Phenolic compounds play an important role in the life of the
plant by contributing to the defense against microbial attacks. Flavonoids have been
involved UV filtration, symbiotic nitrogen fixation and flora pigmentation. In addition, it
acts as a chemical messenger and regulator to physiological functions. Finally, some
flavonoids inhibit the growth of organisms that can cause diseases to plants (Chun et al.,
2005). The antioxidant activity of DEPCR and HEPCR were evaluated by FRAP and
DPPH tests are shown in Figure 4.2. HEPCR extract has statically significant high
antioxidant potential when compared with DEPCR and standard ascorbic acid. The FRAP
value of HEPCR extract is 2341.38 + 45.40mmole Fe+2/mg, while for DEPCR and
standard ascorbic acid, the values are 1501.38 £25.12, 10312.17+ 29.81 mmole Fe+2/mg
respectively. The total antioxidant activity is conducted by DPPH test that; detected
DPPH inhibition % 86.79 + 0.4, as well as the 1Cso 14pg/ml for HECPR, 9.81 + 0.31;

ICs0 22 pg/ml for DECPR and 13.52 + 0.42; 1Csp 19 pg/ml for ascorbic acid. The total

190



phenolic contents are displayed in the Figure 4.3. The results revealed that the total
phenolic content of HECPR is 461.15 = 7.32mg GAE/mg of dry rhizome weight while

total phenolic content is 400.32 + 6.76 mg GAE/mg in the DECPR.

5.2 Invitro studies

Plants from the Curcuma genus as represented by the turmeric spice, such as C.
longa, C. phaeocaulis, C. wenyujin and C. kwangsiensis are well known to be valuable
herbal medicines (Li et al., 2011). Due to the extensive biological activities reported for
the chemical constituents of these plants, including anti-Alzheimer’s disease (Ishrat et al.,
2009), anti-inflammatory (Bansal et al., 2011), anti-angiogenesis (Li, et al., 2007) and
anti-microbial (Zorofchian Moghadamtousi et al., 2014), a number of scientific works
have been carried out on Curcuma species. The safety of these plants and their active
compounds in animal studies in a number of species have been confirmed. However,
some species were found to be susceptible to hepatotoxicity at high doses of turmeric
(Chainani-Wu, 2003; Ireson et al., 2002). The present study demonstrated the safety of
DECPR and HECPR in rats even at high dose of 5 g/kg without any signs of renal or
hepatic dysfunction. In spite of numerous studies on Curcuma species, there is no report
on biological activity of C. purpurascens, including its anti-cancer potential. Hence, in
the current experiment, cytotoxic effect of C. purpurascens on different cancer cells was
examined. Our results showed a promising suppressive effect of DECPR against HT-29

cells observed by MTT and LDH assays.

The growing body of experimental evidence supports the extensive anticancer
effect of Curcuma species and their chemical constituents, known as curcuminoids,
towards different cancer cells (Bar-Sela et al., 2010; Hu et al., 2011; Rao et al., 2012;
Schaffer et al., 2011b; Wilken et al., 2011). In vivo studies and clinical trials for the
treatment of various tumors have highlighted the role of curcuminoids and their analogues

as promising therapeutic agents. Turmerone and its derivatives as major compounds
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detected in DECPR were previously reported to have apoptotic effect towards different
cancer cells, such as HL-60, MCF-7, MDA-MB-231 and HepG2 cancer cells
(Aratanechemuge et al., 2002; Yue et al., 2010). However, the apoptotic effect of

turmerone and its mechanism of action on HT-29 cells have not yet been fully elucidated.

Apoptosis is generally characterised by specific morphological characterizations,
including cell shrinkage, nuclear or cytoplasmic fragmentations, chromatin condensation
and formation of dense bodies that are phagocytosed by neighboring cells (Bottone et al.,
2013). It is well established that restructuring of actin cytoskeleton has a critical role in
the formation of morphological changes in apoptotic cells (May & Machesky, 2001). Our
study indicated that DECPR treatment induced nuclear shrinkage and fragmentation after
24 h. This result was associated with alteration in actin filaments polymerizations in the
treated HT-29 cells. Previous studies showed that standard anticancer drugs such as
cisplatin and tamoxifen cause F-actin damages prior to the induction of nuclear changes

in cancer cells (Acconcia et al., 2006; Kruidering et al., 1998).

ROS can generate nonradical derivatives of oxygen, such as H2O, and free
radicals, namely hydroxyl radical (OH") and superoxide (O?)(Moustafa et al., 2004). The
excessive production of free radicals has been demonstrated to accelerate cell death by
inducing severe damages to DNA, lipid membranes and proteins of cells (Simon et al.,
2000). In the current study, we found that DECPR significantly induced ROS generation

in HT-29 cells.

A previous study showed that the primary initiating signaling factor of ROS was
markedly involved in three different signaling pathways of apoptosis induced by
curcumin in L929 cells showing the critical role of ROS generation in the suppressive
effect of different anticancer agents (Thayyullathil et al., 2008). It is well-established that
numerous apoptotic stimuli, including ROS generation, initiate apoptosis by disturbing

mitochondrial function that is sufficient to trigger leakage of cytochrome C from
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mitochondria (Nicholls, 2004). Production of MMP across the mitochondrial inner
membrane is the result of utilization of oxidizable substrates, therefore excessive
generation of ROS in cells may lead to the loss in MMP (Gottlieb et al., 2003). This is
showed by High-content screening (HCS) analysis on HT-29 cells after DECPR treatment
which demonstrated significant reduction in mitochondrial membrane potential (MMP)

and elevation in cell membrane permeability and cytochrome C release.

Cytochrome C release from mitochondria to cytosol activates the initiator and
executioner caspases involved in the intrinsic pathway of apoptosis (Budihardjo et al.,
1999; Huang et al., 2011). The biochemical changes of this apoptotic pathway are
mediated and tightly regulated by Bcl-2 family of proteins, including pro-apoptotic and
anti-apoptotic proteins (Tsujimoto, 2003). Cytochrome C release is mediated through
dimerization of Bax and Bak as a pro-apoptotic proteins (Scorrano & Korsmeyer, 2003).
On the other hand, activity of pro-apoptotic proteins is facilitated through inhibition of
anti-apoptotic proteins, e.g. Bcl-2 and Bcl-xI by intracellular stress signals (Youle &
Strasser, 2008). In the present experiment, DECPR caused a dramatic cytochrome C
leakage to cytosol in HT-29 cells as a key factor in apoptosome formation which leads to
the cleavage of procaspase-9 to caspase-9 (Riedl & Salvesen, 2007). The investigation on
the activation of caspases upon treatment with DECPR demonstrated the elevation in the

activity of caspase-3 and —9.

According to these data, it is strongly conceivable that ROS production in HT-29
cells triggered the mitochondrial-initiated events leading to the cytochrome C release and
activation of caspase cascade. Our investigations on the mRNA expression of apoptosis-
associated proteins also supported the induction of apoptosis through mitochondrial-
mediated pathway. Colon Cancer In Vivo to evaluate the chemopreventive effect of
DECPR in animal model, ACF enumeration was applied as an easy indicator of colon

neoplasia. Methylene blue dye was used to stain the proximal and distal parts of the
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separated colons and quantitative results are reported in Table 4.11 and Figure 4.15. The
rats that were treated with AOM experienced severe development of ACF, compared to
the normal control group, which was evidenced by different numbers of crypts with
increased sizes and by the reformed luminal epithelia (Figure 4.16). As shown in Table
4.11, the number of crypts were statistically significant in cancer control group (182+
6.47) compared to the treatment control (47+ 3.69), and the low and high dose treatment
with DECPR treated groups (80 + 6.13 and 57+ 5.78 respectively). The groups treated
with the DECPR showed no significant difference with the treatment control. Figure 4.16
presents the scattering of the ACF formation in proximal and distal parts of the colons
separated from the treated rats. The distal parts of the colons showed more aggregation
of the ACF formation compared to the proximal part in all experimental groups (Figure

4.15).

The result of this study appears to be in line with previous studies which reported
a higher number of ACF in distal parts of the colon compared to the proximal parts
(Gourineni et al., 2011). The consequent ACF detriment was significantly attenuated by
administration of DECPR at 250 mg/kg and 500 mg/kg concentrations with inhibitory
percentage of 56.04% and 68.68%, respectively. A number of published findings on other
Curcuma species and their isolated phytochemicals demonstrated similar suppressive and
protective effect against paraneoplastic lesions of colon carcinogenesis (Bounaama et al.,
2012; Kwon et al., 2004; Rao et al., 1995). This result demonstrates the promising
chemopreventive potential of DECPR against chemical carcinogen-induced colon cancer

in rats.

Due to its critical role in several biological pathways such as chromatin
remodeling, cell cycle, DNA synthesis, repair and methylation, proliferating cell nuclear
antigen (PCNA) is known to be a good index of cell proliferation (Maga & Hubscher,

2003; Mayer et al., 1993). An association between PCNA activity and tumour evolution
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in clinical studies has indicated that this protein can be considered as a prognostic marker
for cancer (lsozaki et al., 1994; Naryzhny & Lee, 2007). In addition, oncology
investigations have found that excessive cell proliferation in epithelial colon tissues is

inevitable in neoplasia development (De Leon et al., 1988; Lipkin et al., 1983).

Since development of ACF requires aberrant cell proliferation in colon tissues, we
performed immunohistochemical analysis on PCNA protein. In the AOM-induced colon
cancer model, this chemical carcinogen caused significant elevation in PCNA expression
(PI: 67.68%), compared to the normal control group (PI: 1.5%). This observation was
previously shown by other chemical carcinogens (Bishayee & Mandal, 2014; Deschner
et al., 1983). After administration of DECPR to rats, Pl was significantly reduced to
37.45% and 22.46% for low dose and high dose groups, respectively. The down
regulation of PCNA protein expression was also detected in Western blot analysis (Figure
4.19). This result reveals that DECPR treatment causes a diminished proliferation zone
in the colon tissues of rats and throws a light in involvement of proliferation pathways in

the chemopreventive effect of DECPR.

The Bcl-2 family of proteins with 25 members has been established to be
regulators and mediators of cellular life or death (Cory & Adams, 2002). This Bcl-2
family consists of two groups of proteins functioning as pro-apoptotic and anti-apoptotic
molecules. In addition, these proteins have close relationship with mitochondria function.
Therefore, changes in the expressions of these proteins can activate intrinsic or
mitochondrial-mediated pathway of apoptosis (Green & Kroemer, 2004). For example,
pro-apoptotic protein of Bax dimerizes and translocates to the outer mitochondrial
membrane and provides a channel for release of several proteins including cytochrome
C. However, this process can be suppressed by anti-apoptotic mediators, including Bcl-

2, Bcl-x, Bel-w and BAG (Ocker & Hopfner, 2012).
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To determine the role of apoptosis in the chemopreventive potential of DECPR,
we performed immunohistochemical analysis on Bax and Bcl-2 proteins. In the cancer
control rats (group B), colon tissue sections revealed a small degree of immunostaining
for Bax protein (Figure 4.20), while marked degree of immunostaining was depicted for
Bcl-2 protein (Figure 4.21). A conspicuous increase in the Bax protein expression and
decrease in the Bcl-2 protein expression were detected after administration of DECPR at
250 mg/kg (Group C) and 500 mg/kg (Group D) doses. The 5-FU drug group (Group E)
showed a comparable result with groups treated with DECPR. Western blot analysis also
confirmed the observed perturbations in the protein expression of Bax and Bcl-2 (Figure
4.22). It is previously reported that sufficient expression of Bax in cancer tissues may
ameliorate the survival rate of cancer patients (Sturm et al., 2001). On the other hand,
defect in Bax function has a substantial effect on cancer progression (lonov et al., 2000).
Our findings suggest that DECPR has a promising potential to activate mitochondrial-
mediated apoptosis in cells exposed to chemical carcinogen. This result is in agreement
with our previous in vitro investigation which showed induction of apoptosis in HT-29

cells through mitochondrial mediated apoptosis (Rouhollahi et al., 2015b).

A previous study showed that oxidative stress is involved in the pathogenesis of
several diseases such as cancer and cardiovascular disorder (Granados-Principal et al.,
2014). It has been shown previously that concomitant use of antioxidant drugs with
anticancer agents such as doxorubicin can potentiate their therapeutic effects and
ameliorate the survival rate of patients (Granados-Principal et al., 2014). Hence,
development of new chemotherapeutic drugs with inborn antioxidant activity is in the
best interests of cancer researchers. Moreover, identifying different potent antioxidants
derived from natural products has stimulated significant scientific attentiveness in
characterizing these phytochemicals to counteract the effects of oxidative stress (Zhang

etal., 2012).
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The antioxidant activity, including CAT, GPx and SOD in colon tissue
homogenates from different groups of rats are depicted in (Figure 4.23). The level of
CAT, GPx and SOD were significantly decreased in cancer-bearing animals (Group B)

which shows similarity to previous studies (Moghadamtousi et al., 2015).

In rats treated with both doses of DECPR, these activities were significantly
augmented compared to the cancer control group. As expected, DECPR elicited higher
enzymic activities compared to the 5-FU chemotherapeutic drug group (Group E). This
result was in line with a previous gastroprotective study on C. purpurascens rhizome
which showed potent antioxidative potential of this plant (Rouhollahi, et al., 2014).
Moreover, a number of investigations on other Curcuma species have established this
genus as a source of phytochemicals with antioxidant and anti-inflammatory properties
(Mau et al., 2003; Ramsewak et al., 2000; Srinivas et al., 1992). For instance, turmerone
and its derivatives as the major phytochemicals of DECPR, have been shown to be potent
antioxidants in previous studies (Jayaprakasha et al., 2002; Sacchetti et al., 2005; Tsai et
al., 2011). Our result demonstrates that DECPR protect the colons of rats from oxidative

stress which was provoked by AOM treatment.

Under cellular stress, neutrophils can cause the generation of superoxide radical
anions which leads to the formation of lipid peroxides as a result of reaction with cellular
lipids (Kobayashi et al., 2001). Several products, including lipid hydroperoxides, alkenes
and MDA are degraded metabolites of this reaction, which eventually compromise the
cell membrane integrity (Pandurangan et al., 2012; Vaca et al., 1988). Since MDA is a
prime product of lipid peroxidation, it is defined as an effective marker of this process
(Demircan et al., 2005; Moghadamtousi et al., 2015). As shown in Figure 4.23, AOM
administration to rats provoked significant MDA production due to lipid peroxidation.
This result was in agreement with previous reports showing the augmented MDA

generation in tissue and plasma of patients suffering from colorectal cancer (Hendrickse
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et al., 1994; Skrzydlewska et al., 2005). Administration of rats with DECPR at 250 and
500 mg/kg doses attenuated MDA production in tissue homogenates. This protective
effect against lipid peroxidation was more effective than that produced by 5-FU. Our data
verified the antioxidative potential of DECPR against the induced oxidative stress by a

chemical carcinogen, which was reflected by decreased level of MDA.

5.3 Gastric ulcer

In the present study, one of the contributing factors in gastric ulcer formation is
ethanol. Due to the rapid penetration of ethanol into the gastric mucosa, it is widely
utilized to induce experimental gastric ulcer in numerous in vivo studies (Abdulaziz et al.,
2013; Mahmood et al., 2005; Vieira et al., 2013). The elevation in mucosal permeability
and release of vasoactive products by ethanol result in vascular damage and astric cell
necrosis prior to the ulcer formation. Furthermore, it is believed that the generation of
reactive oxygen species (ROS) by ethanol has a significant role in ulcer formation
(Golbabapour et al., 2013). Therefore, in our study, the administration of ethanol to rats
was used to induce gastric lesions. Our findings in this study showed that HECPR can
effectively suppress gastric acidity and also suppress the destruction of gastric wall
mucus. It was reported earlier that herbal products could elevate the gastro-defensive
system, especially gastric wall mucus secretion in patients with gastric ulcer (lijima et al.,
2009). The depletion of mucus secretion is one of the pathogenic mechanisms accountable
for gastric mucosal erosions (Alvarez-Suarez et al., 2011). Previous studies have
explained the close correlation between suppression of gastric acidity and effectiveness
of treatment. The ability to attenuate the gastric acid secretion is considered to be the
mainstay of treatment for gastric ulceration (Howden & Hunt., 1990; Hunt et al., 2008).
One of the standard drug, omeprazole, has shown remarkable healing rates among
patients with peptic ulcer because of its ability to minimize the degree of gastric acidity

through inhibition of the proton pump (Lin et al., 2006). The perturbation in balance
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between gastro-protective mechanisms and gastrotoxicity of different agents is the basis
of acute inflammation and secretion of several proinflammatory cytokines (Xu et al.,
2010). It is reported earlier that acute inflammation induced by ethanol is accompanied
by neutrophils infiltration of gastric wall mucus (La Casa et al., 2000). As shown in Figure
4.26, our results demonstrated that submucosal infiltration was effectively suppressed by
pretreatment of rats with HECPR. An extensive generation of ROS and free radicals
causes metabolic impairments and irreversible cell damages in the human body (Liao et
al., 2013). As such, protecting the gastric tissue from oxidative damages can provide
successful treatment approaches by natural products against ulcer formation (Chen et al.,
2003). Superoxide dismutase by converting the superoxide to hydrogen peroxide has a
critical role in this protecting effect (Van Raamsdonk & Hekimi, 2012). Superoxide
radical anions such as ROS are generated by neutrophils, which results in the reaction
with cellular lipids and the reduction of lipid peroxides (Demircan et al., 2005). An
effective indicator of oxidative stress and mucosal injuries by ROS is malondialdehyde
(MDA), which is a major metabolite of lipid peroxidation (Weismann et al., 2011). This
is the first study to show that oral administration of HECPR could protect against gastric
ulceration by elevating superoxide dismutase activity, which is reflected by decreased
MDA production. In our study, the NO level is significantly increased after pre-treatment
with HECPR. The important role of NO synthesis for the gastroprotective system and
effectiveness of anti-ulcer agents has been elucidated earlier (Weismann et al., 2011). It
has been shown that suppression of NO pathway by L-NAME markedly inhibited the
gastroprotective activity of several anti-ulcer medications. Furthermore, formation of
ethanol-induced gastric lesions is remarkably abolished by NO-stimulating drugs.
Meanwhile, reduction in NO synthesis can increase the susceptibility of the gastric
mucosa to the destructive effects of ethanol (Allami et al., 2011; Riano et al., 2011).

Therefore, increasing NO level by HECPR treatment is beneficial in alleviating ethanol-
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induced gastric wall destruction as shown in this study. Our findings showed that
administration of HECPR to rats induced the up-regulation of Hsp70 protein associated
with down-regulation of Bax protein. Hsp70 is a 70 kDa protein which belongs to the heat
shock protein family. This protein is abundantly produced in response to various forms
of stress, such as toxic agents, oxidative stress, infection and heat shock (Li et al., 2012).
It is well known that the ethanol-triggered generation of ROS could suppress Hsp70
expression and intensifies the oxidative damages (Shichijo et al., 2003). Hence, natural
products with the ability to induce the over-expression of Hsp70 may provide higher
threshold of protection against gastric lesions (Shim et al., 2011) Previous studies have
demonstrated that the suppression of Bax expression or its dysfunction can protect cells
against programmed cell death through prevention of cytochrome C release from
mitochondria to cytosol. A variety of stimuli, including heat, radiation and excessive
production of ROS cause the dimerization of Bax protein and translocation to the outer
mitochondrial membrane, which trigger cytochrome C release (Elmore, 2007; Hetz et al.,
2005; Ocker & Hopfner, 2012). In our study, suppression of ROS production induced by
HECPR seems to be the reason for the attenuation of Bax expression. Previous study done
using Curcuma longa showed that hexane soluble fraction of the rhizome was effective
against HCI-induced peptic ulcer, while the hexane non-soluble fraction was inactive
(Nutakul, 2013). Therefore, in this study, the hexane extract was used to investigate the
anti-ulcer potential of C. purpurascens rhizome. Furthermore, gas chromatography
profile of HECPR suggested the presence of turmerone as the major active compound.
Turmerone is an active constituent with powerful antioxidant activity, which has been
previously isolated from other Curcuma species (Liao et al., 2013). A previous clinical
trial suggested that turmerone is responsible for the anti-ulcer effect of C. longa

(Prucksunand et al., 2001). However, insufficient research studies on the photochemistry
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of this spice could not provide enough evidence to confirm the major role of turmerone

for the observed anti-ulcer effect.

5.4 Wound healing

In ethno medicine of Indonesia, C. purpurascens rhizome has been employed for
its wound healing effect with topical use on the skin (Koller, 2009a). A previous study on
the essential oil content of the rhizome showed the presence of turmerone, germacrone,
ar-turmerone as the major compounds (Hong et al., 2014).These sesquiterpenoids are
well established as effective biological molecules with antioxidant property (Bakkali et
al., 2008; Jayaprakasha et al., 2005). Despite the fact that the chemical constituents of C.
purpurascens rhizome strongly support its application as the wound healing agent
(Farahpour et al., 2014; Thakare et al., 2011), a scientific examination is still required to
substantiate its use in folk medicine. Therefore, in the current study, we evaluated the

effect of the topical administration of HECPR on excision wound model in rats.

The mean percentage of wound contraction was determined after 5, 10, 15 and 20
days of treatment in all four groups. The curative effect of HECPR at both doses (100 and
200 mg/ml) after 20 days is distinctly obvious in the gross appearance of excision wound,
compared to the negative control group (Figure 4.30). During the initial 5 days, the
healing rate was significantly higher than the negative control only in rats treated with
Intrasite gel (39.16%, positive control). However, after 10 days, topical treatment with
HECPR at both doses showed significant wound healing activity (low dose: 56.21%, high
dose: 63.8% and positive control, 69.31%). Similarly after 20 days, the percentage of
wound closure was significantly higher in rats treated with HECPR (100 and 200 mg/ml)
and intrasite gel (Figure 4.31). No significant difference between wound healing effect of

HECPR (100 and 200 mg/ml) groups and positive control group after 20 days
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demonstrated their comparable effectiveness. These results showed the potential effect of

HECPR in accelerating the process of excisional wound healing in rats.

Histological analysis of the wound tissues was carried out on day 20 after
operation using H & E and Masson Trichrome stainings. As shown in Figure 4.32 and
Figure 4.33, both stainings illustrated that the scar width was considerably reduced after
topical administration of HECPR for 20 days, when compared with negative control
group. The granulation tissues from rats treated with blank placebo contained high
number of inflammatory cells (mononuclear cells), which were comparatively reduced
after topical treatment with HECPR (both concentrations) or Intrasite gel (Figure 4.32
and Figure 4.33). Instead, the collagen fiber and fibroblast formations were conspicuously
stimulated and enhanced in these three groups. In addition, as illustrated in Figure 4.33,
new blood vessels were actively formed in rats treated with HECPR at both

concentrations, comparable with the intrasite gel group.

Histological evaluations revealed a significant elevation in wound repair after
topical administration of HECPR. Mechanisms underlying this effect could be due to an
increase in angiogenesis and deposition of collagen fibers. Collagen, a principal
component of connective tissue, is a critical contributing factor for the tensile strength of
healing wounds (Al-Bayaty et al., 2012). Our results showed that apart from a decline in
the number of inflammatory cells, collagen fiber synthesis was augmented in the wound
site. Impairment of blood flow to the wound site cause severe deficiencies in the wound
healing process, including decreased anabolic activity, impaired local immune and cell
defences, oxidative stress, protein malnutrition and shortage of growth factors. All these
factors amplify the collapse in collagen and fibroblast synthesis (Davidson et al., 1985;
Longo et al., 2011). As a major determinant in the wound healing process, angiogenesis

enables oxygen and nutrient deliveries to the wound area which result in the suppression
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of ROS stress and the facilitation of the local collagen synthesis and reepithelialisation

(Buemi et al., 2004).

The energy dependant mechanism of apoptosis has a pivotal role in the
progression of wound healing process (Moghadamtousi, et al., 2015 & Rai et al., 2005).
Neutrophils are the first cells that arrive at the wound site to eliminate microorganisms
and initiate the inflammatory process (Ohta et al., 1994). Neutrophils and other recruited
inflammatory cells could generate ROS in the wound area (Rai et al., 2005). Excessive
production of reactive species oxygen at the wound site results in the induction of
apoptosis of surrounding cells, including keratinocytes (Roberts & Sporn, 1993), through
activation of pro-apoptotic protein such as Bax and further mitochondrial-initiated events
(Ocker & Hopfner, 2012). Immunohistochemistry staining of the wound sections
demonstrated marked Bax protein expression in rats treated with vehicle, indicating that
the wound healing process is still at the inflammatory phase. However, the other three
groups treated with HECPR (both doses) and intrasite gel showed a remarkable decrease
in Bax protein expression, demonstrating that the wound healing process was at a later
stage. This level of Bax protein expression and induction of apoptosis in these groups are

possibly to remove the scar and as a part of normal homeostasis of the tissue cells.

Heat shock proteins (HSPs) are highly conserved family of proteins and amongst
the most copious intracellular proteins (Benjamin & McMillan, 1998). Study show that
the level of HSPs expression is elevated after exposure of cells to a wide variety of stress,
including wound injury (Atalay et al., 2009). HSPs have a pivotal role in the wound
healing process through attenuation of the inflammatory responses. Moreover, HSPs
defend tissues against injuries by preserving synthesis and conformation of proteins,
repairing damaged proteins and accelerating the healing process (Lamore et al., 2010). It
was previously established that HSP70 is the most abundant inducible HSP in the wound

bed, therefore its protein expression was determined in this study using
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immunohistochemistry analysis (Wagstaff et al., 2007). As illustrated in Figure 4.34,
topically treated rats with vehicle elicited the basal level of HSP70, however the
inflammatory cells (mononuclear cells) clearly accumulated in the wound section. The
brown staining representing the HSP70 protein expression was elevated after
administration of HECPR at 100 and 200 mg/ml concentrations. The induction of HSP70
protein expression by HECPR was comparable with the effect of intrasite gel. These
results strongly suggest that HECPR induced the protein expression of HSP70 in the

wound tissue which subsequently accelerated wound healing process.

Free radicals or reactive oxygen species (ROS) play a pivotal role in wound
healing process. Skin ischemia in the tissue site cause ROS production by activated
leukocytes which can be amplified by positive feedback between the release of free
radicals and accumulation of leukocytes (Bickers & Athar, 2006). Moreover, in the
inflammation phase, phagocytosis and digestion of wound debris by neutrophils and
macrophages led to the excessive ROS formation in the wound site (Clark & Moon,
1999). The human body regulates ROS homeostasis through enzymatic systems. The
main class of cellular enzymatic antioxidants consists of CAT, GPx and SOD which play
an important role in the vascular system by attenuation of oxidative stress (Singh et al.,
2011). Nonetheless, excessive accumulation of highly reactive radicals could induce
different structural changes, including damages to mitochondrial DNA, lipids and

proteins, which result in further reversible or irreversible cell injuries (Valko et al., 2007).

As shown in Table 4.13, after topical administration of HECPR (100 and 200
mg/ml), CAT, GPx and SOD activities were significantly augmented in wound tissue
homogenates compared with those treated with vehicle. The increased enzymatic
antioxidants of HECPR in wound tissues, especially at 200 mg/ml, were comparable to
the positive control. These results were in agreement with previous studies exploring the

antioxidant effects of compounds and extracts from Curcuma species. An earlier study
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on four species of Curcuma showed the major role of sesquiterpenoids in the antioxidant
potential of Curcuma species (Zhao et al., 2010). Investigation on antioxidant capacity of
curcumin-free turmeric oil with major compounds of ar-turmerone, turmerone and
curlone introduced this oil as alternative natural antioxidants (Yu et al., 2008). Another
in vivo study on antioxidant and anti-hyperlipidaemic effects of turmeric oil with
turmerone as the most abundant compound, revealed the preventive effect of turmeric oil
against oxidative stress generation in hyperlipidaemic rats (Ling et al., 2012). These
findings showed that the marked enzymatic antioxidant effect of HECPR may be a
contributing factor in the wound healing potential of HECPR. In biological systems, lipid
peroxidation is generally defined as the free-radical oxidation of polyunsaturated fatty
acids (Gutteridge, 1995). The excessive production of ROS, including hydroxyl radicals
in wound tissues induces lipid peroxidation and causes damage to the cells (Muralikrishna
Adibhatla & Hatcher, 2006). Impairment in the functions of collagen and fibroblast
metabolism, endothelial cells and keratinocyte capillary permeability is one of the
destructive effects of lipid peroxidation. Moreover, as a detrimental factor in the
expression of vascular endothelial growth factor (VEGF), lipid peroxidation can
negatively impact the progress of wound healing process (Altavilla et al., 2011). As one
of the most copious carbonyl products of this process, MDA is an easy index of lipid
peroxidation (Marnett, 2002). As shown in Figure 4.36, topical administration of HECPR
(both doses) and intrasite gel significantly declined the MDA level in the wound tissues
of rats, compared to the negative control group. However, there was no significant
difference between MDA level in the HECPR treated rats and intrasite gel treated rats
representing that HECPR at both doses attenuated lipid peroxidation with comparable

results with the positive control.
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CHAPTER 6: CONCLUSION

The results evidenced the occurrence of apoptotic death in the HT-29 cells treated
with these extract, as illustrated by chromatin condensation, DNA fragmentation, and
membrane blebbing. Furthermore, the treatment of HT-29 cells with both extracts
significantly increased the generation of reactive oxygen species, which triggered further
mitochondrial-initiated events. The collapse of the mitochondrial membrane potential and
the elevated release of cytochrome C from the mitochondria to the cytosol indicate the
involvement of the intrinsic pathway in the induction of apoptosis. The role of the
mitochondria-dependent apoptotic pathway was further proven by the significant
activation of the initiator caspase-9 and the executioner caspases-3 and -7. The DECPR
extract chemopreventive effects against AOM-induced colon cancer that have been
demonstrated by reductions in the numbers of ACFs in the distal, middle and proximal
colon. Reductions in the damage induced by AOM in the treated rats supported the
microscopic evidence and demonstrated the significant chemopreventive activity of
extracts to reverse the negative effects of AOM in the colon. Possible mechanisms of this
chemoprevention include the down-regulation of cell proliferation-promoting proteins in
cancer cells (which was demonstrated by PCNA immunohistochemistry) and the
elevation of the levels of antioxidant enzymes that protect colon cells from the oxidative
injury caused by the injection of azoxymethane. Western blot analyses revealed that the
complexes activated apoptosis via the mitochondrial pathway by down-regulating Bcl-2
and PCNA and up-regulating Bax.

Our results indicate that Curcuma purpuracsens Bl pretreatment has protective effects
against ethanol induced gastric ulcer in rats. Moreover, these results provide evidence that
these protective effects of the plant are carried out by a signifiant effect on some important
antioxidant enzymes, such as SOD and CAT which are scavengers of ROS and can

prevent gastric injury. Furthermore this plant extract can be associated with a protection
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of gastric mucus excretion, by enhancing many mechanisms to protect the gastric mucosa
from offensive factors by decreasing the gastric acidity, increasing production of mucus,
decreasing the level of gastrin, pepsin and MDA.

The current study suggests that HECPR have significant excision wound-healing
potential. Topical treatment with HECPR improved the activity of endogenous
antioxidants through elevation of the activity of SOD and CAT that prevented free
radical-mediated tissue injury. This extract also played an important role in the regulation
of apoptosis protein and it is efficacious in the remodeling phase of wound healing. The
effectiveness of HECPR in acceleration of wound healing in rats may be due to an effect
on antioxidant enzymes and a decrease in the MDA level that indicate decrease in the
damage of the cell. In addition, an important role in the regulation of apoptosis gene
expression (Bax and Bcl-2) and its efficacy in the remodeling phase in wound healing.
Besides, the results clearly indicate the effect of HECPR in accelerating the wound
healing process to be due to acceleration to the proliferative phase and shortening of the
inflammatory phase in order to enhance wound contraction.

To conclude, the results of our study clearly indicate that Curcuma purpuracsens
extracts are safe and have anti-cancer activity, cancer preventive and gastroprotective and
wound healing potentials. Both extracts HECPR and DECPR have great potential,
however, further pharmacological studies and development of the extracts need to be
carried out in order to take it a step further as potential therapeutic agents.. This study is
in line with development of traditional plants as treatment or supplementary treatment of

diseases through scientific methodologies.
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Appendix A

Preparation of Reagents:
10% Tween - 20
100 ml of the stock solution was prepared by dissolving 10ml of 10% Tween-20 in 90
ml of distilled water.
0.9% Normal saline
9 g of NaCl was added to 1 L of distilled water.
(PBS) PH 7.3+ 0.2
1 Liter PBS was prepared as follows: sodium chloride 8.0 g, potassium chloride 0.2 g ,
di-sodium phosphate 1.15 g and potassium di-hydrogen phosphate 0.2 g were dissolved
in distilled water at 25°C.
10% fresh formalin (Buffered formalin)

1 L of fresh formalin was prepare by dissolving 6.5 g di-sodium hydrogen
phosphate with 4 g sodium di-hydrogen phosphate monohydrate and 100 ml concentrated

formalin (38 - 40%) in 900 ml of phosphate buffer saline (PBS).
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Appendix B

Routine histology slide preparation

a- Tissue trimming and fixation

The tissue processing started with trimming and excising the tissues into small pieces of
about 1 cm in size and then put in cassettes containing fresh 10% buffered formalin of
10:1 ratio of fixative to tissue for 48 hr. The purpose of fixation is to preserve tissues
permanently in life - like state as possible after removal of the tissues.

b- Processing

The technique of getting fixed tissue into paraffin is called tissue processing. This
process have been done by using automatic tissue processor. The main steps in this
process were: dehydration, clearing and infiltration in a programmed sequence.
c- Embedding
After the above processes, the tissues were manually transferred from the cassettes and
put into the blocks with molten paraffin over them, with proper orientation of tissue in
the block of paraffin.
d- Sectioning

Once the melted paraffin was cooled and hardened, the blocks were trimmed into
an appropriately sized block and put into freezer under -4°C for 1 hr before sectioning.
Each block was then mounted in a specially designed slicing machine, a microtome. They
were cut with steel knife into sections of 5 um thickness. These sections were floated in
a 40°C warm water bath to avoid wrinkling, then they were picked up on a labeled glass

microscopic slides. All these slides were then dried less than 50°C temperature.

e- Staining
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Before staining, all the slides were deparaffinized by running them through xylenes 1, 11
for 5 min each, in order to remove the paraffin wax out of the tissues and allow water
soluble dyes to penetrate the sections. The stains which were used in our experiment
were H and E stains. Thick paraffin sections (5 pm) of colon were de-waxed in xylene,
dehydrated in series of alcohol to water then immersed in hematoxylin for 15 min.
Sections were then differentiated with 1% acid alcohol and washed in tap water,
followed by staining with eosin for 5 min.

f- Mounting

Finally, to protect the stained sections from damage, the stained sections were
dehydrated in series of alcohol, cleared in xylene and mounted with the mounting media
DPX and the use of coverslip in 45° angle then bubbles were removed carefully and left

to dry overnight at room temperature.
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Appendix C

Histopathology H and E Techniques
Reagents required:

1- Harris haematoxylin working solution
2- Eosin working solution

3- 0.5 % acid alcohol

4- 2 % soidium acetate

5- 80 % alcohol

6- 95 % alcohol

7- Absolute alcohol

Procedure:

1- Bring section to water

2- Stain in Harris haematoxylin 10 min.
3- Wash in running water until excess blue color goes off

4- Differentiation: Dip 2 to 3X in 0.5% acid alcohol and wash in running tab water

5- Wash well in running tab water 2-3 min.
6- Blue section with 2% sodium acetate 2 sec.
7- Wash again in running tab water 2-3 min.

8- Rinse in 80% alcohol

9- Stain in eosin solution 5 min.
10- Dehydration: 95 % alcohol | 5 sec
95 % alcohol Il 2 min.
Absolute alcohol | 2 min.
Absolute alcohol II 2 min.
11- Clear in xyline 2 min. x3
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12- Mount with DPX
13- Wipe slide to remove excess xyline
14- Label slide appropriately.

Results: Nuclei blue Cytoplasm various shades of pink and red.
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Appendix D

Catalase antioxidant assay kit (Item no.707002 cayman)

Precautions

Fleaze read these instructionz carefully before beginning thiz assay.
For rezearch use only. Not for human or diagnostic use.

It iz recommended to take appropriate precavtionz when vsing the kit
reagents (i.e., lab coat, gloves, eye goggles, etc.) az some of them can
be harmful.

Catalaze Hydrogen Peroxide iz corrozive and iz harmful if swallowed.
Contact with zkin may cauze burnz. In coze of contact with skin or eyes,
rinse immediately with plenty of water for 15 minutes. Keep away from
combusztible materials.*

Catalaze Fermaldehyde Standard is carcinogenic. It iz toxic if inhaled,
ingested, or if in contact with zkin. In caze of contact with skin or eyes,
rinze immediately with plenty of water for 15 minutes. Keep away from
combuztible materials.*

Catalaze Potazzivm Hydroxide iz corrosive and iz harmful if swallowed.
Contact with zkin may cauze burnz. In casze of contact with zkin or eyes,
rinze immediately with plenty of water for 15 minutes. Keep away from
combusztible materialz. Heat iz generated when Catalaze Potazzium
Hydroxide pelletz are dissclved in water.*

Catalaze Purpald {Chromagen) iz an irritant. In caze of contact with zkin
or eyes, rinze immediately with plenty of water for 15 minutes.*

Catalaze Potassium Periodate is an oxidizer and an iritant. In caze of
contact with skin or eyes, rinze immediately with plenty of water for
15 minutesz.*

Hydrochloric acid iz corrosive and iz harmful if swallowed. Contact
with zkin may cauvse burnz. In caze of contact with skin or eyes, rinze
immediately with plenty of water for 15 minutes.*

*Before uze the vzer must review the complete Material Safety Data
Sheet.

If You Have Problems

Technical Service Contact Information
Phone: 888-526-5351 (USA and Canada only) or 734-975-3888
Fax: 734-971-3641
Email:  techserv@caymanchem.com
Hours: M-F 8:00 AM to 5:30 PM EST

In order for our staff to assist you quickly and efficiently, please be ready to supply the lot
number of the kit {found on the outside of the box).

Storage and Stability
This kit will perform as specified if stored at 4°C and used before the expiration date

indicated on the outside of the box.

Materials Needed But Not Supplied

A plate reader with a 540 nm filter.

An adjustable pipettor and a repeat pipettor.

A source of pure water. Glass distilled water or HPLC grade water is acceptable.
A5 ml vial of methanol can be purchased from Cayman (Item No. 707016).

Ll
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INTRODUCTION

Background

Catalase (EC 1.11.1.6; 2H,0, oxidoreductase) is an ubiquitous antioxidant enzyme that is
present in most aerobic cells. Catalase (CAT) is involved in the detoxification of hydrogen
peroxide (H,0,), a reactive oxygen species (ROS), which is a toxic product of both normal
aerobic metz;bof-i.sm and pathogenic ROS production. This enzyme catalyzes the conversion
of two molecules of H,0, to molecular oxyzen and two molecules of water (catalytic
activity). CAT also demonstrates peroxidatic activity, in which low molecular weight
aleohols can serve as electron donors. While aliphatic alcohols serve as specific substrates for
CAT, other enzymes with peroxidatic activity do not utilize these substrates.

(Calytic Actviy) ~ 2H,0, —29H5¢ . 0,,91,0

(Perosidatic Activity)  H,0,, AH, —235¢ A, 34,0

In humans, the highest levels of CAT are found in liver, kidney, and erythrocytes, where it
is believed to account for the majority of H,O, decomposition.

About This Assay

Cayman’s Catalase Assay Kit utilizes the peroxidatic function of CAT for determination of
enzyme activity. The method is based on the reaction of the enzyme with methanol in the
presence of an optimal concentration of HyO,. The formaldehyde produced is measured
colorimetrically with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (Purpald) as the
chromogen.!? Purpald specifically forms a bicyclic heterocycle with aldehydes, which upon
oxidation changes from colorless to a purple color.? The assay can be used to measure CAT
activity in plasma, serum, erythrocyte lysates, tissue homogenates, and cell lysates.
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PRE-ASSAY PREPARATION |

Reagent Preparation

NOTE: Meshanol is no longer supplied in vhis kit. It can be purchased sepavately under ftem No.
FO7016 or you can supply your own.

1.

Catalase Assay Buffer (10X) - {Hem No. 707010)

Each via contains 5 ml of Assay Buffer. Dilute 2 ml of Caralase Assay Buffer
concentrate with 18 ml of HPLC-grade water. This final Assay Buffer (100 mM
potassium phosphate, pH 7.0) should be used in the assay. When stored at 4°C, this
diluted Assay Buffer is stable for at least two months. Prepare the additional vial as
needed.

Catalase Sample Buffer {10X) - (ltem No. 707012)

Each vial contains 10 ml of Sample Buffer. Dilute 5 ml of Catalase Sample Buffer
concentrate with 45 ml of HPLC-grade water. This final Sample Buffer (25 mM
potassium phosphate, pH 7.5, containing 1 mM EDTA and 0.1% BSA) should be
used to dilute the formaldehyde standards, Catalase (Control), and CAT samples prior
to assaying. When stored at 4°C, this diluted Sample Buffer is stable for at least two
months. Prepare the additional vial as needed.

Catalase Formaldehyde Standard - (ltem No. 707014)
The vial contains 4.25 M formaldehyde. The reagent is ready to use as supplied.

Catalase (Contrel) - {Iltem No. 707013)

Each vial contains a lyophilized powder of bovine liver CAT and is used as a positive
control. Reconstitute the Catalase (Control) by adding 2 ml of diluted Sample Buffer
to the vial and vortex well. Take 100 pl of the reconstituted enzyme and dilute with
1.9 ml of diluted Sample Buffer. A 20 pl aliquot of this diluted enzyme per well causes
an absorbance of approximately 0.29 after subtracting the background absorbance.
The diluted enzyme is stable for 30 minutes. The reconstituted Catalase (Control} is
stable for one month at -20°C.

Catalase Potassium Hydroxide - (ltem No. 707015)

Each vial contains potassium hydroxide (KOH) pellets. Place the vial on ice, add
4 ml of cold HPLC-prade water, and vortex to yield a 10 M solution. CAUTION:
Hear is genevated when Caraluse Potassium Hydroxide pellets are disolved in warer. The
diluted Potassium Hydroxide solution is stable for at least three months if stored at 4°C.
Catalase Hydrogen Percxide - (ltem No. 707011)

The vial contains an 8.82 M solution of H,0,. Dilute 40 pl of Catalase Hydrogen
Peroxide with 9.96 ml of HPLC-grade walerzThe diluted Hydrogen Peroxide solution
is stable for two hours.

Catalase Purpald (Chremagen) - (ltem No. 707017)

Each vial contains 4 ml of 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (Purpald)
in 0.5 M hydrochloric acid. The reapent is ready to use as supplied.

Catalase Petassivm Periodate — (lem No. 707018)

Each vial contains 1.5 ml of potassium periodate in 0.5 M potassium hydroxide. The
reagent is ready to use as supplied.
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Sample Preparation

Overheating can inactivate catalase. The enzyme should be kept cold during sample
preparation and assaying. In peneral, catalase is very unstable at high dilution. It is
recommended to store samples concentrated and assay within 30 minutes after dilution.

Tissue Homogenate

Prior to dissection, either perfuse tissue or rinse tissue with a phosphate buffered saline
(PBS) solution, pH 7.4, to remove any red blood cells and clots.

2. Homogenize the tissue on ice in 5-10 ml of cold buffer (ie, 50 mM potassium
phosphate, pH 7.0, containing 1 mM EDTA) per gram tissue.

3. Centrifuge at 10,000 x g for 15 minutes at 4°C.

4. Remove the supernatant for assay and store on ice. If not assaying on the same day,
freeze the sample at -80°C. The sample will be stable for at least one month.

Cell Lysate

1. Collect eells by centrifugation (i, 1,000-2,000 x g for 10 minutes at 4°C). For
adherent cells, do not harvest using proteolytic enzymes; rather use a rubber
policeman.

2. Homogenize or sonicate the cell peller on ice in 1-2 ml of cold buffer (ie., 50 mM
potassium phosphate, pH 7.0, containing 1 mM EDTA).

3.  Centrifuge at 10,000 x g for 15 minutes at 4°C.

4. Remove the supernatant for assay and store on ice. If not assaying on the same day,

freeze the sample at -80°C. The sample will be stable for at least one month.

Plasma and Erythrocyte Lysate

1. Collect blood using an anticoagulant such as heparin, citrate, or EDTA.

2. Centrifuge the blood at 700-1,000 x g for 10 minutes ar 4°C. Pipette off the wp
yellow plasma layer without disturbing the white buffy layer. Store plasma on ice until
assaying or freeze at -80°C. The plasma sample will be stable for at least one month.

3. Remove the white buffy layer (leukocytes) and discard.

4. Lyse the erythrocytes (red blood cells) in four times its volume of icecold HPLC-
grade warer.

5. Centrifuge ar 10,000 x g for 15 minutes at 4°C.

6. Collect the supernatant (erythrocyte lysate) for assaying and store on ice. If not
assaying the same day, freeze at -80°C. The sample will be stable for at least one
month.

Serum

1. Collect blood without using an anticoagulant. Allow blood to clot for 30 minutes ar
25°C.

2. Centrifuge the bloed at 2,000 x g for 15 minutes at 4°C. Pipette off the top yellow

serum layer without disturbing the white buffy layer. Store serum on ice. If not
assaying the same day, freeze at -80°C. The sample will be stable for at least one
month.

Tissue Homogenization vsing the Precellys 24 Homogenizer

Prior to dissection, either perfuse or rinse tissue with phosphate buffered saline (PBS),
pH 7.4, to remove any red bload cells and dlots.

Freeze orpans immediately upon collection and then store at -80°C. Snap-freezing of
tissues in liquid nitrogen is preferred.

Add cold 50 mM potassinm phosphate, pH 7.0, containing 1 mM EDTA.

Homopenize the tissue sample using the Precellys 24 according w appropriate
settings.

Spin the tissue homogenates ar 10,000 x g for 15 minutes at 4°C.

Collect supemnatant and assay samples according to the kit booklet protocol. Samples
may need to be diluted appropriately for assay and should be normalized using a
protein assay.
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ASSAY PROTOCOL

Plate Set Up

There is no specific pattern for using the wells on the plate. We sugpest that there be at
least two wells desipnated as positive contrels. A typical layout of formaldehyde standards
and samples to be measured in duplicate is shown in Figure 1. We suppest you record the
contents of each well on the template sheet provided on page 23.

2 345 67 89101112
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A-G = Standards
+ = Positive Controls

§1-840 = Sample Wells

Figure 1. Sample plate format

Pipetting Hints

It is recommended that an adjustable pipette be used to deliver reapents to the
wells.

Before pipetting each reagent, equilibrate the pipette tip in that reagent
(£.e., slowly fill the tip and gently expel the contents, repeat several times).

Do not expose the pipette tip to the reagent(s) already in the well.

General Information

The final volume of the assay is 240 pl in all the wells.

All reapents except samples must be equilibrated to room temperature before
beginning the assay.
It is not necessary to use all the wells on the plate at one time.

If the expected CAT activity of the sample is not known or if it is expected to be
beyond the range of the standard curve, it is prudent to assay the sample at several
dilutions.

It is recommended that the samples and formaldehyde standards be assayed at least in
duplicare.

Use the diluted Assay Buffer in the assay.

Monitor the absorbance at 540 nm using a plate reader.
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Standard Preparation

Preparation of the Formaldehyde Standards - Dilute 10 pl of Caralase Formaldehyde
Standard (Item No. 707014} with 9.99 ml of diluted Sample Buffer to obtain a
4.25 mM formaldehyde stock solution. Take seven clean glass test tubes and mark
them A-G. Add the amount of formaldehyde stock and diluted Sample Buffer to each
tube as described in Table 1 (below).

Formaldehyde (pl) Sample Buffer (pl) Final Concentration

{pM formaldehyde]*
A 0 1,000 0
B 10 990 5
C 30 970 15
D 60 940 30
E 90 910 45
F 120 880 60
@ 150 850 75

Table 1

*Final formaldehyde concentration in the 170 pl reaction.

Performing the Assay

Formaldehyde Standard Wells - Add 100 pl of diluted Assay Buffer, 30 pl of
methanol, and 20 pl of standard (tubes A-G} per well in the designated wells on the
plate (see sample plate format, Figure 1, page 12).

Paositive Control Wells (bovine liver CAT) - Add 100 pl of dilured Assay Buffer, 30 pl
of methanel, and 20 pl of diluted Catalase (Control) to two wells.

Sample Wells - Add 100 pl of diluted Assay Buffer, 30 pl of methanol, and 20 pl of
sample to two wells. To obtain reproducible results, the amount of CAT added to
the well should result in an activity between 2-35 nmel/min/ml. When necessary,
samples should be diluted with diluted Sample Buffer or concentrated with an
Amicon centrifuge concentrator with a melecular weight cut-off of 100,000 to bring
the enzymatic activity to this level.

Initiate the reactions by adding 20 pl of diluted Hydrogen Peroxide to all the wells
being used. Make sure to note the precise time the reaction is initiated and add the
dilured Hydrogen Peroxide as quickly as possible.

Cover the plate with the plate cover and incubate on a shaker for 20 minutes at room
temperature.

Add 30 pl of diluted Potassium Hydroxide to each well to terminate the reaction and
then add 30 pl of Catalase Purpald (Chromagen) (Ttem No. 707017) to each well.
Cover the plate with the plate cover and incubate for 10 minutes at room temperature
on the shaker.

Add 10 pl of Catalase Potassium Periodate (Item No. 707018) to each well. Cover

with plate cover and incubate five minutes at room temperature on a shaker.

Read the absorbance ar 540 nm using a plate reader.
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ANALYSIS

Calculafions

Determination of the Reaction Rate

1.
2

Calculate the average absorbances of each standard and sample.
Subtract the average absorbance of standard A from itself and all other standards and
samples.

Plot the corrected absorbance of standards (from step 2 above) as a function of final
formaldehyde concentration (pM) from Table 1. See Figure 2 for a typical standard

curve.

0.8

074 ¥Y=0.01x-0.0034
’ 2= 0.0087

0.6
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Absorbance (540 nm)

0.2 4

0.1+
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o 1o 0 30 40 50 &0 T &0

Formaldehyde {uM)

Figure 2. Formaldehyde standard curve

4. Calculate the formaldehyde concentration of the samples using the equation obtained
from the linear regression of the standard curve substituting corrected absorbance

values for each sample.

sample absorbance - (}«'—intercept)] x O.17 ml
slope 0.02 ml
5. Calculate the CAT activity of the sample using the following equation. One unit

is defined as the amount of enzyme that will cause the formation of 1.0 nmol of

formaldehyde per minute ar 25°C.

Formaldehyde (pM) = [

CAT Activity = uM of sample

_ x Sample dilution = nmol/min/ml
20 min.

Performance Characteristfics

Sensitivity:
The dynamic range of the assay is limited only by the accuracy of the absorbance
measurement. Most plate readers are linear to an absorbance of 1.2. Samples containing
CAT activity berween 2-35 nmol/min/ml can be assayed without further dilution or
concentration.

Precision:

When a series of 45 CAT measurements were performed on the same day, the intra-assay
coefficient of variation was 3.8%. When a series of 43 CAT measurements were performed
on five different days under the same experimental conditiens, the inter-assay coefficient of
variation was 9.9%.
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Appendix E

Superoxide Dismutase Assay Kit (Item no.706002 cayman)

Precavutions

Please read these instructions carefully before beginning this assay.
For research use only. Not for human or diagnostic use.

If You Have Problems

Technical Service Centact Information
Phone: 888-526-5351 (USA and Canada only) or 734-975-3888
Fax: 734-971-3641
Email: techserv@caymanchem.com
Hours: M-F 8:00 AM to 5:30 PM EST

In order for our staff to assist you quickly and efficiently, please be ready to supply the lot
number of the kit (found on the outside of the box).

Storage and Stability

This kit will perform as specified if stored as directed at -20°C and used before the expiration
date indicated on the outside of the box.

Materials Needed But Not Supplied
1. A plate reader capable of measuring an absorbance ar 440-460 nm

2. Adjustable pipettes and a repeat pipettor
3. A source of pure water; glass distilled water or HPLC-grade water is acceptable

INTRODUCTION

Background

Superoxide dismutases (SODs) are metalloenzymes that catalyze the dismutation of the
superoxide anion to molecular oxypen and hydrogen peroxide and thus form a crucial part
of the cellular antioxidant defense mechanism.!

20, +2H" + 50D - H,0,+0,

Three types of 5ODs have been characterized according to their metal content: copper/zinc
(Cu/Zn), manganese (Mn), and iron (Fe). SOD is widely distributed in both plants and
animals. It occurs in high concentrations in brain, liver, heart, erythrocytes, and kidney. In
humans, there are three forms of SOD: cytosolic Cu/Zn-S0OD, mitochondrial MnSOD,
and extracellular SOD.? Extracellular SOD is found in the interstitial spaces of tissues
and also in extracellular fluids, accounting for the majority of the SOD activity in plasma,
lymph, and synovial fluid.34

The amount of SOD present in cellular and extracellular environments is crucial for the
prevention of diseases linked to oxidative stress. Mutations in SOD account for approximately
20% of familial amyotrophic lateral sclerosis (ALS) cases. SOD also appears to be important
in the prevention of other neurodegenerative disorders such as Alzheimer’s, Parkinson's, and
Huntingtor’s diseases.™® The reaction catalyzed by SOD is extremely fast, having a turnover
of 2 x 10? M1sec’! and the presence of sufficient amounts of the enzyme in cells and tissues
typically keeps the concentration of superoxide (O,) very low.! However, in a competing
reaction, nitric oxide (NO) reacts with O, with a rate constant of 6.7 x 10? Mlsec’! 1o
form the powerful oxidizing and nitrating agent, peroxynitrite.” Under conditions in which
SOD activity is low or absent (i.e., SOD mutation) or which favor the synthesis of pM
concentrations of NO (i.e., ischemia/reperfusion, iNOS upregulation, etc.), NO out-
competes SOD for superoxide, resulting in the formation of peroxynitrite. The presence of
nitrotyrosine as a “footprint” for peroxynitrite, and hence the prior co-existence of both O,
and NO, has been observed in a variety of medical conditions, including atherosclerosis,
sepsis, and ALS7
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About This Assay

Cayman’s Superoxide Dismutase Assay Kit utilizes a tetrazolium salt for detection of
superoxide radicals generated by xanthine oxidase and hypoxanthine (see scheme 1,
below). One unit of SOD is defined as the amount of enzyme needed to exhibit 50%
dismutation of the superoxide radical. The SOD assay measures all three types of SOD
{Cuw/Zn, Mn, and FeSOD). The assay provides a simple, reproducible, and fast tool for
assaying SOD activity in plasma, serum, erythrocyte lysates, tissue homogenates, and cell
lysates. Mitochondrial MnSOD can be assayed separately following the procedure outlined
under sample preparation (see page 8).

Xanthine 201 Formazan dye
+0,
Xanthine oxidase
H,O
Uriczac,?d 20, Tetrazolium salt
S0D
0, +H,0,

Figure 1. Scheme of the Superoxide Dismutase Assay

I

PRE-ASSAY PREPARATION |

Reagent Preparation

1.

Assay Buffer (10X) - (Item No. 706001)

Dilute 3 ml of Assay Buffer concentrate with 27 ml of HPLC-grade water for assaying
96 wells. Prepare additional Assay Buffer as needed. This final Assay Buffer (50 mM
Tris-HCI, pH 8.0, containing 0.1 mM diethylenetriaminepentaacetic acid (DTPA)
and 0.1 mM hypoxanthine) should be used to dilute the radical detector. When stored
at 4°C, this diluted Assay Buffer is stable for at least two months.

Sample Buffer (10X) - (fem No. 705003)

Dilute 2 ml of Sample Buffer concentrate with 18 ml of HPLC-prade water for
assaying 96 wells. Prepare additional Sample Buffer as needed. This final Sample
Buffer (50 mM Tris-HCI, pH 8.0) should be used to prepare the SOD standards and
dilute the xanthine oxidase and SOD samples prior to assaying. When stored at 4°C,
this diluted Sample Buffer is stable for at least six months.

Radical Detector - (ltem No. 706004)

The vials contain 250 pl of a tetrazolium salt solution. Prior to use, transfer 50 pl
of the supplied solution to another vial and dilute with 19.95 ml of diluted Assay
Buffer. Cover with tin foil. The diluted Radical Detector is stable for two hours. This
is enough Radical Detector for 96 wells. Prepare additional detector as needed. Store
unused Radical Detector at -20°C.

SOD standard - (Item No. 706005)

The vials contain 100 pl of bovine erythrocyte SOD (Cuw/Zn). Store the thawed
enzyme on ice and see Standard Preparation on page 13 for preparing the standard
curve. Store unused enzyme at -20°C. The enzyme is stable for at least two
freeze/thaw cycles.
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5. Xanthine Oxidase - (ltem No. 706004)

These vials contain 150 pl of Xanthine Oxidase. Prior to use, thaw one vial and
transfer 50 pl of the supplied enzyme to another vial and dilute with 1.95 ml of
Sample Buffer (dilute). Store the thawed and diluted xanthine oxidase on ice. The
diluted enzyme is stable for one hour. This is enough Xanthine Oxidase for 96 wells.
Prepare additional Xanthine Oxidase as needed. Do not refieeze the thawed enzyme.
Any unused enzyme should be thrown away.

Sample Preparation

The procedures listed below for tissue homopenates and cell lysates will result in assaying
total SOD activity (cytosolic and mitochondrial). To separate the two enzymes, centrifupe
the 1,500 x g supernatant at 10,000 x g for 15 minutes at 4°C. The resulting 10,000 x %
supernatant will contain cytosolic SOD and the pellet will contain mitochondrial SOD.
Homogenize the mitochondrial pellet in cold buffer (4., 20 mM Hepes, pH 7.2, containing
1 mM EGTA, 210 mM mannitol, and 70 mM sucrose). If not assaying on the same day,
freeze the samples at -80°C. The samples will be stable for at least one month.

The addition of 1-3 mM potassium cyanide to the assay will inhibit both Cu/Zn-50D and
extracellular SOD, resulting in the detection of only Mn-SOD acivity.3?

Samples can be assayed in the absence of Xanthine Oxidase to penerate a sample
background. This sample background absorbance should be subtracted from the sample
absorbance penerated in the presence of Xanthine Oxidase thus correcting for non-5OD
generated absorbance.

Tissue Homogenate

1.  Prior to dissection, either perfuse or rinse tissue with phosphate buffered saline (PBS),
pH 7.4, to remove any red blood cells and clots.

2. Homogenize the tissue in 5-10 ml of cold 20 mM HEPES buffer, pH 7.2, containing
1 mM EGTA, 210 mM mannitol, and 70 mM sucrose per gram tissue.

3.  Centrifuge at 1,500 x g for five minutes at 4°C.

Remove the supernatant for assay and store on ice. If not assaying on the same day,
freeze the sample at -80°C. The sample will be stable for at least one month.

Cell Lysate

1. Collect cells by centrifugarion at 1,000-2,000 x g for 10 minutes at 4°C. For adherent
cells, do not harvest using proteolytic enzymes; rather use a rubber policeman.

2. Homogenize or sonicarte the cell pellet in cold 20 mM HEPES buffer, pH 7.2,
containing 1 mM EGTA, 210 mM mannitel, and 70 mM sucrose.

3. Centrifuge at 1,500 x g for five minutes at 4°C.

Remove the supernatant for assay and store on ice. If not assaying on the same day,
freeze the sample at -80°C. The sample will be stable for at least one month.

Plasma and Erythrocyte Lysate

1. Collect blood using an anticoapulant such as heparin, citrate, or EDTA.

2. Centrifuge the blood at 700-1,000 x g for 10 minutes at 4°C, Pipette off the top
yellow plasma layer without disturbing the white buffy layer. Store plasma on ice unul

assaying or freeze at -80°C. The plasma sample will be stable for at least one month.
Plasma should be diluted 1:5 with Sample Buffer before assaying for SOD activity.

3. Remove the white buffy layer (leukocytes) and discard.
Lyse the erythrocytes (red blood cells) in four times its volume of ice-cold HPLC-
grade water.

5.  Centrifuge at 10,000 x g for 15 minutes at 4°C.

Collect the supernatant (erythrocyte lysate) for assaying and store on ice. If not

assaying the same day, freeze at -80°C. The sample will be stable for at least one
month. The erythrocyte lysate should be diluted 1:100 with Sample Buffer before
assaying for SOD activity.

Serum

1. Collect blood without using an anticoagulant such as heparin, citrate, or EDTA.
Allow blood to clot for 30 minutes at 25°C.

2. Centrifuge the blood at 2,000 x g for 15 minutes at 4°C. Pipette off the top yellow
serum layer without disturbing the white buffy layer. Store serum on ice. If not
assaying the same day, freeze at -80°C. The sample will be stable for at least one
month.

3. Serum should be diluted 1:5 with Sample Buffer before assaying for SOD activiry.
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Tissue Homogenization using the Precellys 24 Homogenizer

-

Prior to dissection, either perfuse or rinse tissue with phosphate buffered saline (PBS),
pH 7.4, to remove any red bload cells and clots.

Freeze organs immediately upon collection and then store at -80°C. Snap-freezing of
issues in liquid nitrogen is preferred.

Add cold 20 mM HEPES buffer, pH 7.2, containing 1mM EGTA, 210 mM
mannitol, and 70mM sucrose.

Homogenize the tissue sample using the Precellys 24 according to appropriate settings:
Spin the tissue homopenates at 10,000 x g for 15 minutes at 4°C.

Collect supernatant and assay samples according to the kit booklet protocol, Samples
may need to be diluted appropriately for assay and should be normalized using a
protein assay.

ASSAY PROTOCOL

Plate Set Up

There is no specific pattern for using the wells on the plate. A typical layout of SOD
standards and samples to be measured in duplicate is given below in Figure 2. We suppgest
you record the contents of each well on the template sheet provided (see page 23).

2 3 45 6 7 89 101112
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EQO®EE0IREEIEE
F QOO0
HOOOOP TSI
H OO e

A-G = Standards
S1-541 = Sample Wells

Figure 2. Sample plate format
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Pipetting Hints Standard Preparation

*  Ivis recommended that an adjustable pipette be used to deliver reagents to the Dilute 20 pl of the SOD Standard (Item No. 706005) with 1.98 ml of Sample Buffer
wells. (dilute) to obrain the SOD stock solution. Take seven clean glass test tubes and mark them
*  Before pipetting each reagent, equilibrate the pipette tip in that reagent A-G. Add the amount of SOD stock and Sample Buffer (dilute) to each tube as described
(i.., slowly fill the tip and genty expel the contents, repeat several times). in Table 1 below.
* Do not expose the pipette tip to the reagent(s) already in the well.
Tube S0D Stock Sample Buffer Final SOD Activity
. /
General Information “ ) £
»  The final volume of the assay is 230 pl in all the wells, A 0 1,000 0
e [t is not necessary to use all the wells on the plate ar one time. B 20 980 0.025
Th is 25°C.
. £ assay temperature is 25 C 0 960 o0
*  All reapents except samples and Xanthine Oxidase must be equilibrated to room
temperature before beginning the assay. D 80 920 01
. fit is recommended that the samples and SOD standards be assayed at least in . 120 280 15
uplicate.
»  Monitor the absorbance at 440-460 nm using a plate reader. F 160 840 0.2
G 200 800 0.25

Table 1. Superoxide Dismutase standards
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Performing the Assay

L.

SOD Standard Wells - add 200 pl of the diluted Radical Detector and 10 pl of
Standard (tubes A-G) per well in the designated wells on the plate (see sample plate
format, Figure 2, page 11).

Sample Wells-add 200 pl of thediluted Radical Detectorand 10 pl of sample to the wells.
NOTE: If using an inhibitor, add 190 pl of the diluted Radicaf Deector, 10 pl of inbibitor,
and 10 gl of sample ro the wells. The amount of sample added o the well should always be
10 pl. Samples should be diluted with Sample Buffer (dilute) or concentrated with an
Amicon centrifige concentrator with & molecular weight cut-off of 10,000 to bring the
enzymatic activiey 1o fall within the standard exrve range.

Initiate the reactions by adding 20 pl of diluted Xanthine Oxidase to all the wells
you are using. Make sure to note the precise time you started and add the Xanthine
Oxidase as quickly as possible. NOTE: If assaying sample backgrounds, add 20 pl of
Sample Buffer insread of Xanthine Oxidase.

Carefully shake the 96-well plate for a few seconds to mix. Cover with the plate
cover.

Incubate the plate on 2 shaker for 20 minutes at room temperature. Read the
absorbance at 440-460 nm using a plate reader.

ANALYSIS

Calculatfions

Calculate the averape absorbance of each standard and sample. If assayed, subtract
sample background absorbance from the sample.

Divide standard A’s absorbance by itself and divide standard A’ absorbance by all the
other standards and samples absorbances to yield the linearized rate (LR) (Ze., LR for
Std A = Abs 5td A/Abs Std A; LR for Std B = Abs Std A/Abs Std B).

Plot the linearized SOD standard rate (LR} (from step 2 above) as a function of final
SOD Activity (U/ml) from Table 1. See Figure 3 (on page 17) for a typical standard

Curve.

Calculate the SO activity of the samples using the equation obtained from the linear
regression of the standard curve substituting the linearized rate (LR) for each sample.
One unit is defined as the amount of enzyme needed to exhibit 50% dismutation
of the superoxide radical. SOD activity is standardized using the cytochrome ¢ and
xanthine oxidase coupled assay

SOD (U/ml) = {sample LR- y—intercept\ £ 023ml | sample dilution
\ slope /7001 ml
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Appendix F

Glutathione Peroxidase Assay Kit (Item no.703102 cayman)

Precautions

Please read these instructions carefully before beginning this assay.
For research use conly. Not for human or diagnostic vse.

If You Have Problems

Technical Service Contact Information
Phone: 888-526-5351 (USA and Canada only) or 734-975-3888
Fax: 734-971-3641
Email: techserv@caymanchem.com
Hours: M-F 8:00 AM to 5:30 PM EST

In order for our staff to assist you quickly and efficiently, please be ready to supply the lot
number of the kit {found on the outside of the box).

Storage and Stability

This kit will perform as specified if stored as directed at -20°C and used before the expiration
date indicated on the outside of the box.

Materials Needed But Not Supplied

1. A plate reader capable of measuring absorbance at 340 nm
2. Adjustable pipettes and a repeat pipettor
3. A source of pure water; glass distilled water or HPLC-grade water is acceptable

INTRODUCTION

Background

Glurathione peroxidase (GPx) catalyzes the reduction of hydroperoxides, including hydrogen
peroxide, by reduced glutathione and functions to protect the cell from oxidative damage.
With the exception of phospholipid-hydroperoxide GPx, a monomer, all of the GPx
enzymes are tetramers of four identical subunits.!? Each subunit contains a selenocysteine
in the active site which participates directly in the two-electron reduction of the peroxide
substrate.!:2 The enzyme uses plutathione as the ultimate electron donor to regenerate the
reduced form of the selenocysteine. !

About This Assay

Cayman’s GP'x Assay measures GPx activity indirectly by a coupled reaction with glutathione
reductase (GR). Oxidized glutathione (GSSG), produced upon reduction of hydroperoxide
by GPx, is recycled to its reduced state by GR and NADPH:

RO-O-H+2GSH —SP% 4 RO+ GSSG + H,0

GSSG + NADPH + H* L 2GSH + NADP+

The oxidation of NADPH to NADP* is accompanied by a decrease in absorbance at
340 nm. Under conditions in which the GPx activity is rate limiting, the rate of decrease
in the A4y, is directly proportional to the GPx activity in the sample.3 The Cayman GPx
Assay Kit can be used to measure all of the glutathione-dependent peroxidases in plasma,
erythrocyte lysates, tissue homopenates, and cell lysates.
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PRE-ASSAY PREPARATION |

Reagent Preparation

1.

GPx Assay Buffer (10X) - {ltem No. 703110)

Fach vial contains 3 ml of Assay Buffer. Dilute the contents of the vial with 27 ml
of HPLC grade water. This final Assay Buffer (50 mM Tris-HCI, pH 7.6, containing
5 mM EDTA} should be used in the assay. When stored at 4°C, this diluted Assay
Buffer is stable for at least six months. Prepare the additional vial as needed.

GPx Sample Buffer (10X) - {Item No. 703112)

Dilute 2 ml of Sample Buffer concentrate with 18 ml of HPLC-grade water. This final
Sample Buffer (50 mM Tris-HCI, pH 7.6, containing 5 mM EDTA and 1 mg/ml
BS5A) should be used to dilute the GPx control and the GPx samples prior to assaying.
When stored at 4°C, this diluted Sample Buffer is stable for ar least one month.

Glutathione Percxidase {Control) - (ltem No. 703114)

This vial contains 50 pl of bovine erythrocyte GPx. To avoid repeated freezing and
thawing, the GPx should be aliquoted into several small vials and stored ar -20°C.
Prior to use, transfer 10 pl of the supplied enzyme to another vial and dilute with
490 pl of diluted Sample Buffer and keep on ice. The diluted enzyme is stable for
four hours on ice. A 20 pl aliquot of this diluted enzyme per well causes a decrease
of approximately 0.051 absorbance unit/minute under the standard assay conditions

described in Performing the Assay (see pape 11).

GPx Co-Substrate Mixture - (ltem No. 703114)

The 96-well kit contains three 40 well size of Co-Substrate Mixture. These vials
contain a lyophilized powder of NADPH, glutathione, and glutathione reductase.
Each reconstituted vial will be enough reagent for 40 wells. Reconstitute the number
of vials that you will need by adding 2 ml of HPLC-grade water to each vial and vortex
well. The 480-well kit contains five 96 well size of Co-Substrate Mixture. Reconstitute
the number of vials that you will need by adding 6 ml of HPLC-grade water to each
vial and vortex well. Each reconstituted vial will be enough reagent for 96 wells. The
reconstituted reagent should be kept at 25°C while assaying and then stored at 4°C.
If stored at 4°C, the reconstitured reagent is stable for two days. NOTE: Do not freeze
the reconstituted reagent.

GPx Cumene Hydroperoxide - (tem No. 703118)

The 96-well kit contains one 2.5 ml vial of cumene hydroperoxide. The 480-well kit
contains one 12 ml vial of cumene hydroperoxide. The vials should be stored ar -20°C
when not being used. The reagent is ready to use as supplied.

Sample Preparation

Tissue Homaogenate

1.

Prior to dissection, perfuse or rinse tissue with a PBS (phesphate buffered saline)
solution, pH 7.4, to remove any red blood cells and clots.

2. Homogenize the tissue in 5-10 ml of cold buffer (ie, 50 mM Tris-HCI, pH 7.3,
5 mM EDTA, and 1 mM DTT) per gram tissue.

3. Centrifuge at 10,000 x g for 15 minutes at 4°C.

4. Remove the supernatant for assay and store on ice. If not assaying on the same day,
freeze the sample at -80"C. The sample will be stable for at least one month.

Cell Lysate

1. Collect cells by centrifugation (i.e., 1,000-2,000 x g for 10 minutes at 4°C). For
adherent cells, do not harvest using proteolytic enzymes, rather use a rubber
policeman.

2. Homopenize cell pellet in cold buffer (ie., 50 mM Tris-HCl, pH 7.5, 5 mM EDTA,
and 1 mM DTT).

3. Cenuifuge ar 10,000 x g for 15 minutes at 4°C.

4. Remove the supernatant for assay and store on ice. If not assaying on the same day,

freeze the sample ac -80°C. The sample will be stable for at least one menth.
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Plasma and Erythrocyte Lysate

1. Collect bloed using an anticoapulant such as heparin, citrate, or EDTA.

2. Centrifuge the blood at 700-1,000 x g for 10 minutes at 4°C. Pipette off the top
yellow plasma layer without disturbing the white buffy layer. Store plasma on ice until

assaying or freeze at -80"C. The plasma sample will be stable for at least one meonth.
Dilute the plasma 1:2 with Sample Buffer before assaying.

Remove the white buffy layer (leukocytes) and discard.

Lyse the erythrocytes (red blood cells) in 4 volumes of ice-cold HPLC-prade water.
Centrifuge at 10,000 x g for 15 minutes at 4°C.

Collect the supernatant (erythrocyte lysate) for assaying and store on ice. If not

assaying the same day, freeze at -80°C. The sample will be stable for at least one
month. Dilute the erythrocyte lysate 1:10-1:20 with Sample Buffer before assaying,

NOTE: Ir has been reported that heme peroxidase activity of hemoglobin can lead o falsely
elevated GPx acrivity in erythrocyte lysares. There was no significant effece in the GPx acivity
when assayed with Crmene Hydroperoxide as the substrate. Therefore, it i nor necessary to
sreas the sample with Drabkint Reagenr (porassium ferricyanidelpotasium cyanide) ro converr
bemaoglobin to cyanmethemoglobin before assaying.

Tissue Homogenization using the Precellys 24 Homogenizer

o R e

*  Freeze organs immediately upon collection and then store at -80°C, Snap-freezing of
tissues in liquid nitropen is preferred.

*  Add 1 ml of hemogenization buffer (50 mM Tris-HCI, pH 7.5, 5 mM EDTA and
1 mM DTT) per 100 milligrams of tissue.

*  Homogenize the sample using the Precellys 24 according to appropriate settings:

Organ || Speed | (ydeLength Number of Beads

Heart (aorta) | 5,000 0 n 3 (K28 Large (eramic

*  Spin the tissue homopenates ar 10,000 x g for 15 minutes ar 4°C.

*  Collect supernatant and assay samples according to the kit booklet protocol. Samples
may need to be diluted appropriately for assay and should be normalized using a
protein assay.

ASSAY PROTOCOL

Plate Set Up

There is no specific pattern for using the wells on the plate. However, it is necessary to have
three wells designated as non-enzymatic or background wells. The absarbance rate of these
wells must be subtracted from the absorbance rate measured in the GPx sample and contrel
wells. We sugpest thar there be ar least three wells designated as positive controls and that
you record the contents of each well on the template sheet provided on page 19.

12 3 456 7 89 101112

AQEPOOOOE®E@E
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4000000000000
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B - Background Wells
C - Positive Control Wells
1-30 - Sample Wells

Figure 2. Sample plate format
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Pipetting Hints

It is recommended that an adjustable pipette be used to deliver reagents o the

wells.

Use different tips to pipette the Assay Buffer (dilute), Co-Substrate Mixture,
enzymes, and Cumene Hydroperoxide.

Before pipetting each reagent, equilibrate the pipette tip in that reagent
(i.e., slowly fill the tip and gently expel the contents, repeat several times).

Do not expose the pipette tip to the reagent(s) already in the well.

Performing the Assay

General Information

The final volume of the assay is 190 pl in all the wells.

It is not necessary to use all the wells on the plate at one time.
The assay temperature is 25°C.

Use the Assay Buffer (dilute) in the assay.

Monitor the decrease in absorbance ar 340 nm using a plate reader.

1.

Backpround or Non-enzymatic Wells - add 120 pl of Assay Buffer and 50 pl of

co-substrate mixture to three wells.

Positive Control Wells (bovine erythrocyte GPx) - add 100 pl of Assay Buffer, 50 pl
of Co-Substrate Mixture, and 20 pl of diluted GPx (control) to three wells.

Sample Wells - add 100 pl of Assay Buffer, 50 pl of Co-Substrate Mixture, and
20 pl of sample to three wells. To obtain reproducible results, the amount of GPx
added to the well should cause an absorbance decrease between 0.02 and 0.135/min.
When necessary, samples should be diluted with Sample Buffer or concentrated with
an Amicon centrifuge concentrator with a molecular weight cut-off of 10,000 to bring
the enzymatic activity to this level. NOTE: The amount of sample added to the well
showld alwiys be 20 pl. To determine if an additional sample control showld be performed
see the Interferences section (page 14).

Initiate the reactions by adding 20 pl of Cumene Hydroperoxide to all the wells being
used. Make sure to note the precise time the reaction is initiated and add the Cumene
Hydroperoxide as quickly as possible.

Carefully shake the plate for a few seconds to mix.

Read the absorbance once every minute ar 340 nm using a plate reader to obrain at
least 5 time points. NOTE: The initial absorbance of the sample well should not be above
1.2 or below 0.5,
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ANALYSIS

Calculations
1. Determine the change in absorbance (AA;4,) per minute by:

a.  Plotring the absorbance values as a function of time to obtain the slope (rate)
of the linear portion of the curve (a praph is shown on page 13 using bovine
erythrocyte GPx) -or-

b.  Select owo points on the linear portion of the curve and determine the change in
absorbance during thar time using the following equation:

Y A}iu {Time 2) "dlyiu {Time 1) |

{min. =
M}m . Time 2 {min.) - Time 1 (min.)

*Use the absolute value.

2. Determine the rate of AA, ,/min. for the background or non-enzymatic wells and
subtract this rate from that unfﬂ'le sample wells.

3. Use the following formula to calenlate the GPx activity. The reaction rate at 340 nm
can be determined using the NADPH extinction coefficient of 0.00373 F.M'l*, One
unit is defined as the amount of enzyme that will cause the oxidation of 1.0 nmel of
NADPH to NADP* per minute at 25°C.

AA o /min. . 0.19 ml

0.00373 pM-1  0.02ml

*The actual extinction coefhicient for NADPH at 340 nm is 0.00522 pM"cm'lk This value
has been adjusted for the pathlength of the solution in the well (0.6 cm).

GPx activity =

x Sample dilution = nmol/min/ml

0.6

¥y =-0.0582x + 0.6012
2 = 0.5098

0.5

0.4 4

0.3 4

0.2 -

Absorbance (340 nm)

014

0.0 T T T T T T
0 1 2 3 4 s & 7

Time {min.}

Figure 1. Activity of bovine erythrocyte GPx

Performance Characteristics

Precision:

When a series of seventy-seven GPx measurements were performed on the same day, the intra-
assay coefficient of variation was 5.7%. When a series of seventy-seven GPx measurements
were performed on five different days under the same experimental conditions, the inter-
assay coefficient of variation was 7.2%.

Assay Range:

The dynamic range of the assay is limited only by the accuracy of the absorbance
measurement. Most plate readers are linear to an absorbance of 1.2. Samples containing
GPx activity between 50-344 nmol/min/ml can be assayed without further dilution
or concentration. This GPx activity is equivalent to an absorbance decrease of 0.02 to
0.135 per minute.
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Appendix G

TBARS Assay Kit(Item n0.10009055 cayman)

Precautions Materials Needed But Not Supplied

Please read these instructions carefully before beginning this assay. 1. A plate reader capable of measuring absorbance between 530-540 nm or a fluorometer
with the capacity to measure fluorescence using an excitation wavelength of 530 nm

For research use only. Not for human or diagnostic vse.
Y g and an emission wavelength of 350 nm

It is recommended to take appropriate precautions when using the kit reagents (i.e., lab
coat, gloves, eye pogeles, etc.), as some of them may be harmful.

The sodium hydrexide and acid solutions are corrosive and harmful if swallowed. Contact
with skin may cause burns. In case of contact with skin or eyes, rinse immediately with
plenty of water for 15 minutes.

Adjustable pipettes and a repeat pipettor

A source of pure water; glass distilled water or HPLC-grade water is acceptable
Container sufficient to boil samples and standards

5 ml polypropylene screw-cap centrifuge tubes (i.e., VWR Item No. 16465-262)
Centrifuge capable of spinning 5 ml centrifuge tubes at 1,600 x g at 4°C

N

Care should be exercised when removing samples from boiling water.

If You Have Problems

Technical Service Centact Infermation
Phone: 888-526-5351 (USA and Canada only) or 734-975-3888
Fax: 734-971-3641
Email:  techserv@caymanchem.com
Hours: M-F 8:00 AM 1o 5:30 P'M EST

In order for our staff to assist you quickly and efficiently, please be ready to supply the lot
number of the kit (found on the outside of the box).

Storage and Stability

This kit will perform as specified if stored at 4°C and used before the expiration date
indicated on the outside of the box.
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INTRODUCTION

Background

Malondialdehyde (MDA) is a naturally occurring product of lipid peroxidation. Lipid
peroxidation is a well-established mechanism of cellular injury in both plants and animals
and is used as an indicator of oxidative stress in cells and rissues.!:2 Li pid peroxides, derived
from polyunsaturated fatty acids, are unstable and decompose to form a2 complex series
of compounds, which include reactive carbonyl compounds, such as MDA. In human
platelets, thromboxane synthase also catalyzes the conversion of PGH,, to thromboxane A,
12(S)-HHTLE, and MDA in a ratio of 1:1:1.3

The measurement of Thiobarbituric Acid Reactive Substances (TBARS) is a well-established
method for screening and monitoring lipid peroxidation.!? Modifications of the TBARS
assay by many researchers have been used to evaluate several types of samples including
human and animal tissues and fluids, drugs, and foods.## Even though there remains a
controversy cited in literature regarding the specificity of TBARS toward compounds
other than MDA, it still remains the most widely employed assay used to determine lipid
peroxidation.? If lipoprotein fractions are first acid precipitated from the sample, interfcring
soluble TBARS are minimized, and the test becomes quite specific for lipid peroxidation.
Lipids with greater unsaturation will yield higher TBARS values. It is recommended
that if high TBARS values are obrained, a more specific assay such as HPLC should be
performed.

About This Assay
Cayman’s TBARS Assay Kit provides a simple, reproducible, and standardized tool for

assaying lipid peroxidation in plasma, serum, urine, tissue homogenates, and cell lysates.
The MDA-TBA adduct formed by the reaction of MDA and TBA under high temperature
(90-100°C) and acidic conditions is measured colorimetrically at 530-540 nm or
fluorometrically at an excitation wavelength of 530 nm and an emission wavelenpth of
550 nm. Although this reaction has a much higher sensitivity when measured flucrometrically,
protocols for both methods are provided (see Figure 1 below).

o
o ) s H sH
/LL\/LL\ +2f\ — /\Il‘/ + 2H0
H H
o N/Ls — Ny

CH—CH=CH
MDA TBA

H oH

MDA-TBA Adduct

Figure 1.
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PRE-ASSAY PREPARATION |

Reagent Preparation

1.

Thiobarbituric Acid - {ltem No. 100091%9)

The vial contains 2 g of thiobarbituric acid (TBA). It is ready to use to prepare the
Color Reagent.

TBA Acetlic Acid - (Item No. 10009200}

Each vial contains 20 ml of concentrated acetic acid. Slowly add both vials (40 ml) of
TBA Acetic Acid to 160 ml of HPLC prade water. This diluted Acetic Acid Solution
is used in preparing the Color Reagent. The diluted Acetic Acid Solution is stable for

at least three months at room temperature.

TBA Sodium Hydroxide (10X) - (ltem No. 10009201)

The vial contains a solution of sodium hydroxide (MaOH). Dilute 20 ml of TBA
NaOH with 180 ml of HPLC-prade water. This diluted NaOH Solution is used in
preparing the Color Reagent. The diluted NaOH Solution is stable for at least three
months at room temperature. Store the diluted NaOH Selution in a plastic container
suitable for corrosive materials,

TBA Malondialdehyde Standard - (Iltem No. 10009202)

The vial contains 500 pM malondialdehyde (MDA) in water. It is ready to use to
prepare the standard curve.

TBA 5DS Solutfion - (ltem No. 10009203)

The vial contains a solution of sodium dodecyl sulfate (SDS}). The solution is ready
to use as supplied.

To prepare the Color Reagent:

The following amount of Color Reagent is sufficient to evaluate 24 samples. Adjust
the volumes accordingly if more or less samples are going o be assayed. Weigh 530 mg
of TBA (Item No. 1000919%) and add to 2150 ml beaker containing 50 ml of diluted
TBA Acetic Acid Solution. Add 50 ml of diluted TBA Sodium Hydroxide and mix
until the TBA is completely dissolved. The solution is stable for 24 hours.

Sample Preparation

Plasma

Typica.l[y, normal human plasma has a lipid peroxide level (expressed in terms of MDA) of
1.86-3.94 pM.18

Collect bleod using an anticoagulant such as heparin, EDTA, or citrate.

2. Centrifuge the blood at 700-1,000 x g for 10 minutes at 4°C. Pipette off the top
yellow plasma layer without disturbing the white buffy layer. Store plasma on ice. If
not assaying the same day, freeze ar -80°C. The plasma sample will be stable for one
month while stored at -80°C.

3. Plasma does not need to be diluted before assaying.

Serum

Typically, normal human serum has a lipid peroxide level (expressed in terms of MDA) of
1.86-3.94 pM.!

Collect blood without wsing an anticoapulant.

2. Allow bloed to clot for 30 minutes at 25°C.

3. Centrifuge the blood at 2,000 x g for 15 minutes at 4°C. Pipette off the top yellow
serum layer without disturbing the white buffy layer. Store serum on ice. If not
assaying the same day, freeze at -80"C. The serum sample will be stable for one month
while stored ar -80°C.

4, Serum does not need to be diluted before assaying.

Urine

Typically, normal human urine has a lipid peroxide level (expressed in terms of MDA) of
0.8-2 pmol/g creatinine. 10

Urine does not require any special treatments. If not assaying the same day, freeze at
-80°C.
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Tissve Homogenates

1.
2

5.

Weigh out approximarely 25 mg of tissue into a 1.5 ml centrifuge tube.

Add 230 pl of RIPA Buffer (Item No. 10010263) with protease inhibitors of choice
(see Interferences section on page 19).

Sonicate for 15 seconds at 40V over ice.

Centrifuge the tube at 1,600 x g for 10 minutes at 4°C. Use the supernatant for
analysis. Store supernatant on ice. [f not assaying the same day, freeze at -80°C. The
sample will be stable for one month.

Tissue homogenates do not need to be diluted before assaying.

Cell Lysates

1.
2
3.

Collect 2 x 107 cells in 1 ml of cell culture medium or buffer of choice, such as PBS.
Sonicate 3X for five second intervals at 40V setting over ice.

Use the whole homogenate in the assay, being sure to use the culture medium as a

sample blank.
Cell lysates do not need to be diluted before assaying,

ASSAY PROTOCOL

Plate Set Up

There is no specific pattern for using the wells on the plate. A typical layout of standards and
samples to be measured in duplicate is shown below in Figure 2. We suggest you record the
contents of each well on the template sheer provided (see page 23).

12 3 456 7 8 9 11112

AWOEBEOEMOEEEE
B QOO0
¢ PPNV
JOOOCPI DS E SIS
E OOEEHHDYRBEE
F OOE®EIEEDEEEE
HOOOOT TS SIS
H HOEEEEIENEIENEIEDE

A-H = Standards
S1-540 = Sample Wells

Figure 2. Sample plate format
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Pipetting Hints Colorimetric Standard Preparation

*  Itis recommended thar an adjustable pipette be used to deliver reagents to the Dilute 250 pl of the MDA Standard (Item No. 10009202) with 750 pl of water to obtain
wells. a stock solution of 125 pM. Take eight clean glass test tubes and label them A-H. Add the
*  Before pipetting each reagent, equilibrate the piperte tip in that reagent amount of 125 pM MDA stock solution and water to each tube as described in Table 1.
(i.e., slowly fill the tip and gently expel the contents, repeat several times).
= Do not expose the pipette tip to the reagent(s) already in the well. Tube MDA (pl) Water () MDA Concentration (M)
General Information A 0 1,000 0
*  All reagents except samples must be equilibrated to room temperature before R 5 005 0635
bepinning the assay. The SDS Solution will take at least one hour to equilibrate )
to room temperature if stored at 2-8°C. Briefly hearing the 5D5 Solution ar 37°C C 10 900 175
will re-dissolve the precipitated 3DS. The 5DS Solution can then be stored at room
temperature. D 0 980 75
»  The final volume of the assay is 150 pl in all wells.
#  The assay is performed at room temperature. E 40 960 5
* It is not necessary to use all the wells on the plate ar one time. P a0 o0 0

#  ltis recommended that the samples and standards be assayed at least in duplicate.

* It is recommended that the samples and standards be kept at 4°C after preparation to G 200 800 25
increase sensitivity and reproducibility.

H 400 600 50
¢  Monitor the absorbance at 530-540 nm or read fuorescence at an excitation

wavelength of 530 nm and an emission wavelength of 550 nm.

Table 1. MDA celorimetric standards
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Fluorometric Standard Preparation

Dilute 25 pl of the MDA Standard (Ttem No. 10009202) with 975 pl of water to obtain a
stock solution of 12.5 pM. Take eight clean plass test tubes and label them A-H. Add the
amount of 12,5 pM MDA stock solution and water to each tube as described in Table 2.

Tube MDA (l) Water (pl) MDA Concentration (uM)

A 0 1,000 0

B 5 995 0.0625

C 0 990 0115

D 20 980 0.25

E 40 960 05

F 80 920 1

G 200 800 25

H 40 600 5

Table 2. MDA fluorometric standards

Performing the Assay

B

Label vial caps with standard number or sample identification number.

Add 100 pl of sample or standard to appropriately labeled 5 ml vial.

Add 100 pl of SDS Solution to vial and swirl to mix.

Add 4 ml of the Color Reagent forcefully down side of each vial.

Cap vials and place vials in foam or some other holder to keep the mbes upright
during boiling.

Add vials to viporously boiling water. Boil vials for one hour.

After one hour, immediately remove the vials and place in ice bath to stop reaction.
Incubate on ice for 10 minutes.

After 10 minutes, centrifuge the vials for 10 minutes at 1,600 x g at 4°C. Vials may
appear clear or cloudy. Cloudiness will clear upon warming to room temperature.

Vials are stable at room temperature for 30 minutes.

. Load 150 pl (in duplicate) from each vial to either the clear plate (colorimetric

version) or to the black plate (fluorometric version).

. Read the absorbance at 530-540 nm or read flucrescence at an excitation wavelength

of 530 nm and an emission wavelength of 550 nm.
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ANALYSIS

Colorimetric Calculations

1.
2

Calculate the average absorbance of each standard and sample.

Subtract the absorbance value of the standard A (0 pM) from itself and all other values
(both standards and samples). This is the corrected absorbance.

Plot the corrected absorbance values (from step 2 above) of each standard as a function
of MDA concentration (see Table 1, on page 13).

Calculate the values of MDA for each sample from the standard curve. An example of
the MDA standard curve is shown below in Figure 3.

MDA (uM) - [{Corrected absc:sr]bance) - (y-intercept) ]
ope

0120

0400 4 ¥ = 0.00Z2x + 0.0D05
2= 0.9000

Absorbance (532 nm)

MDA (uM)

Figure 3. MDA colorimetric standard curve

Fluorometric Calculations

1. Calculate the averape fluorescence of each standard and sample.

2. Subtract the fluorescence value of the standard A (0 pM) from itself and all other
values (both standards and samples). This is the corrected fluorescence.

3. Plot the corrected fluorescence values (from step 2 above) of each standard as a
function of MDA concentration (see Table 2, on page 14).

4, Calculate the values of MDA for each samp[e from the standard curve. An exa.mp[e of
the MDA standard curve is shown below in Figure 4.

MDA (M) = {Corrected fluorescence) - (y-intercept)
Slope

18,000

16,000

14,000 4

12,000

¥ = 3.238x + 210
r2= 0,000

10,000 4

8,000 -

6,000

u

4,000

Fluorescence (Relative Units)

2,000

T
0 1 2 3 4 5 [
MDA {uM)

Figure 4. MDA fluorometric standard curve
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