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ABSTRACT

Background: Cancer incidence, mortality, and burden are growing at an alarming rate around
the globe. Colorectal cancer is ranked as the fourth most lethal cancer in the world and in
Ethiopia it accounts 7%. Certain herbal medicines protect the body from cancer by improving
cellular defense mechanisms (anti-inflammatory, detoxification, and antioxidant).Curcuma longa

is one of herbal medicine that has the potential to fight cancer.

Objectives: The aim of this study was to assess the effect of Hydroethanolic extract of Curcuma
longa Linn. rhizome on colon, liver and hematological parameters on a model of 1,2-

dimethylhydrazine induced colorectal cancer in male Wistar albino rats.

Methods: 80 male Wistar albino rats divided into three groups. The group | intraperitoneal
administration of normal saline 2mL/kg for 15 weeks, group Il intraperitoneal injection of 20
mg/kg of 1,2- Dimethyl hydrazine for 15consecutive weeks, and group VI intraperitoneal
injection of 20 mg/kg of 1,2- Dimethyl hydrazine and simultaneously oral administration of 500
mg/kg of extract for 15 weeks. After 15 weeks group Il rats were divided into four groups and
the groups were renamed (group II, 11, 1V, and V).Three different doses (250mg/kg, 500mg/kg,
and 1000mg/kg daily) of hydroethanolic extract of Curcuma longa rhizome were administered
for 8 weeks for groups IlI, 1V, and V respectively. At the end of the experiment, the rats were
anesthetized and blood was collected by cardiac puncture for whole blood and biochemical

analysis. Rats were sacrificed, liver and colon were isolated for histopathological investigation.

Results: The results indicated that the elevated level of total White blood count, neutrophil and
monocyte and decreased level of lymphocyte, hemoglobin, hematocrit and platelet count seen in
cancer rats. The affected parameters were effectively restored by hydroethanolic extract of
Curcuma longa. The Extract has been found to have immunomodulatory, anti-metastasis,

hepatoprotective, and chemo-preventive effects.

Conclusion: Curcuma longa grown in Ethiopia has anti-oxidant, immune-modulatory,
detoxifications boosting, chemo-preventive, and anti-metastasis activities due to the presence of

adequate secondary metabolites.

Keywords: Colorectal cancer, 1,2- Dimethyl hydrazine, Curcuma longa (Curcuma domestica),
Wistar albino rats
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1. INTRODUCTION
1.1. Background

Cancer is the consequence of a series of molecular changes that interrupt the normal function of
cells. They are abnormal cells in which the cell division regulation process is disturbed
(Lowhan., 2003). Cancer is a leading cause of death worldwide, accounting for an estimated 9.6
million deaths in 2018 (WHO, 2018). Colorectal cancer (CRC) is the third most common cancer
in males and the second in females worldwide (www.wcrf.org). It is the most common malignant

cancer in the gastrointestinal tract (Kolligs, 2016).

Cancer is a complicated disease and it’s the result of environmental toxins that serve as the
driving force for the initiation of tumor development and progression. Environmental toxin
accumulation is one prominent risk factor for cell damage which turns to cancer formation
(Parsa, 2012). The liver neutralizes a large range of toxic chemicals, each these produced
internally and those coming from the environment. The liver performs various roles in
detoxification which is the mechanism of eliminating and cleansing toxins from the body. The
detoxification program is important to stop and reverse cellular damage, prevent excessive
inflammation, and essential for the prevention of cancer. High degrees of exposure to
carcinogenic agents coupled with the sluggish function of detoxification enzymes will increase
toxin accumulation in the body and bring chronic inflammation (Pezzone and Murray, 1999).
Chronic inflammation or chronic activation of the immune system is linked with the
development of tumors (Byrne and Dalgleish, 2001; Robinson et al., 2016 ). Chronic
inflammation is able to promote the malignant transformation of normal epithelial cells in the
gastrointestinal tract to cancer. Host inflammation responses in carcinogenesis are through
multiple mechanisms, such as the formation of reactive oxygen and nitrogen species from
mononuclear phagocytes and leukocytes, immune response, and pro-inflammatory cytokines (lda
etal., 2015). Reactive oxygen species (ROS) can induce the formation of oxidative
Deoxyribonucleic acid (DNA) lesion products, including 8-oxo-7,8-dihydro-2'-deoxyguanosine

(8-0x0dG), which is considered to be mutagenic (Kawanishi et al., 2016).

Hematological parameters and markers changes are the result of the systemic inflammatory

response and have been correlated with prognosis in several malignancies including colorectal

1



cancer. Any kind of severe disease or abnormality has a direct impact on blood parameters so it
is necessary to study the changes in hematological parameters. A complete blood count (CBC) is
a blood test that gives important information about the kinds and numbers of cells in the blood,
especially red blood cells, white blood cells, and platelets. The white blood cell count (total and
differentials) predicts disease severity and mortality risk (Shrivastava et al., 2017). In addition,
changes in lipid profiles have long been associated with cancer because lipids play a key role in

the maintenance of cell integrity and malignant proliferation (Mehrotra et al., 2009).

Scientists all over the world are focused on the herbal medicines to boost immune cells of the
body against cancer without harming normal cells of the body (Sakarkar and Deshmukh, 2011).
The terms ‘“herbal medicine” (HM), “traditional herbal medicine” (THM), or “phytomedicine”
refer to the use of plant material, such as whole plant, roots, bark, leaves, flowers, berries, or
seeds, for medicinal purposes (WHO, 2005). It has a long tradition of use with the discovery of
archaeological evidence of the use of herbal medicine by humans, dating as far back as the
Neanderthal period. Certain HM protects the body from cancer by augmenting the detoxification
process. Some biological response modifiers derived from herbs are recognized to hamper cancer
progression cut back the lethal side effects of chemotherapy and radiotherapy (Tuasha et al.,
2018).

Curcuma longa Linn., plant is a perennial herb belonging to the ginger family, Zingiberaceae.
The Latin name is derived from the Persian word, “kirkum”, which means saffron, in reference to
the rhizomes vibrant yellow-orange color. It is also called ‘Ird’ in Amharic (Bhowmik et al.,
2008; Seifu and Tassew, 2014) and Curcuma domestica Valeton is an alternative name for
C.longa Linn (WHO, 1997). It used in various foods for flavor as well as a coloring agent for
foods and it has a wide spectrum of pharmacological activities(Nasri et al., 2014). The plant
reached in Ethiopia during 800 AD probably from India. In 1972, two types of C.longa had been
introduced from India and China and planted at Jimma, Metu, Bebeka, Tepi, Wenago, Hawassa,
Magi and Bako. C.longa can be grown up to an altitude of 2,000m in areas with excessive
rainfall. At present, because of the suitability of Southern humid regions, C.longa is widely

grown there (Peethambaran et al., 2016).

Curcumin (Diferuloylmethane), a polyphenol extracted from the plant C. longa Linn.(Lee et al.,

2013), which gives the yellow color to C.longa, was first isolated almost two centuries ago, and



its structure as diferuloylmethane was determined in 1910. Since the time of Ayurveda 1900 BC,
numerous therapeutic activities have been assigned to C.longa for a wide variety of diseases
(Aggarwal et al., 2007).It has been determined that the chemical structure of this polyphenol
substance shows anti-oxidant, anti-inflammatory, anti-angiogenic, anti-mutagenic, and anti-
platelet aggregation properties (Kocaadam and Sanlier, 2015), hepatoprotective effect (Khater et
al., 2013)and hypolipidemic effect (Zingg et al., 2013). It may exert anticancer effects in a
variety of biological pathways involved in mutagenesis, apoptosis, tumorigenesis, cell cycle
regulation, and metastasis (Perroneet al., 2015). Laboratory studies have demonstrated that it

inhibits colon tumorigenesis and tumor size in animals (Tayyem et al., 2006).



1.2. Statement of the problem

Cancer is a fundamental public health challenge (Brown et al., 2001). It causes about 1 in every
6 deaths worldwide, more than AIDS, tuberculosis, and malaria combined. It is the second-
leading cause of death following cardiovascular diseases. The global cancer burden is estimated
to have risen to 18.1 million new cases and 9.6 million deaths in 2018. One in 5 men and one in
6 women worldwide develop cancer during their lifetime, and one in 8 men and one in 11
women die from the disease. By 2040, the global burden is expected to grow to 27.5 million new
cancer cases and 16.3 million cancer deaths (GLOBOCAN, 2018). The international burden of
cancer is accompanied through the economic load, including direct costs, such as medication and
rehabilitation costs, and indirect costs, associated with productiveness losses due to incapacity
and premature death (Pearcea et al., 2018). The statistics in cancer incidence and mortality show

cancer burden is developing at an alarming rate around the globe.

Major cancer types in 2018 were cancers of the lung, breast, and colorectal in terms of incidence
and are ranked within the top five in terms of mortality. These three cancer types are responsible
for one-third of the cancer incidence and mortality burden worldwide. CRC is one of the most
prevalent and fatal cancers worldwide. It is the highest contributor to cancer-related death with
an incidence rate of approximately 1.4 million and a mortality rate of about 700,000 people per
year globally (IARC, 2018). According GLOBOCAN 2018 report, the incidence of CRC in

Ethiopia is 7%. It accounts for 10.4% in males and 5.4% in females.

According to the 2014 IARC report, the global fighting against cancer can't be won through
treatment alone rather it needs urgent prevention strategies to prevent most cancers crisis.
Clinical trials using most cancers drugs failed again and again because of costly therapeutic
procedures discontinued after the loss of patients. Furthermore, the main problem in the
scientific world for the unsuccessfulness of cancer therapy is due to a shortage of systematic
research on roles of inflammation, oxidative stress, detoxification failure and impaired

mitochondrial function on multistep carcinogenesis procedure (Maeda and Khatami, 2018).

Chemotherapy is the application of chemicals or drugs to Kkill cancer cells, and its effects are
systemic. However, a large number of drawbacks are its limitations (Huang et al., 2017). Such
drugs would induce an ‘immune tsunami’ or ‘cytokine storm’ throughout the body. The overall

toxicities of such drugs on the metabolic and detoxification processes could progressively lead to



severe damages to the function of normal organs such as the Kidneys, liver, and heart, and it
could further involve in coagulopathy and peripheral neuronal toxicity (Maeda and Khatami,
2018).

The age of cancer patients is still decreasing, and the entire scientific society is eager for new
ways to fight against cancer (Kiskova and Kassayovd, 2019). Thus, it is interesting to seek
alternative treatments for cancer that have minimal side effects or less toxic and not so expensive
and more potent anticancer drugs as compared to the drugs available in the market (Roy et al.,
2017). Herbal medicines are generally low in cost, plentiful, and show very little toxicity or side
effects in clinical practice. Much of the current research in cancer therapeutics is aimed at
developing drugs or vaccines to target key molecules that can inhibit tumor cell growth,
metastasis, and proliferation. The cancer-preventive and/ or protective activities of HM target
cellular defenses (anti-inflammatory, detoxification, and antioxidant) (Huang et al., 2017).
C.longa is one of HM that has the potential to fight cancer. It has no significant side effects and
is cheap and easily available. It’s used for cancer patients as chemo-preventive and

chemotherapeutics agents.

So, the aim of this study was to assess the effect of Curcuma longa (curcuma domestica) extract
on colon, liver and hematological parameters on the model of 1,2- dimethylhydrazine induced

colorectal cancer male Wistar albino rats.



1.3. Significance of the study

Cancer is one of the main causes of mortality in Ethiopia. Oxidative stress, inflammation, and
detoxification failure are the fundamental driver for malignancy events. The current
chemotherapy focused on the outcome of such fundamental causes. Treatment for cancer is
costly and has a lot of side effects. Individuals don't know about how malignant growth happens
and how to treat the disease effectively with easily accessible items. So, the disease treatment
approach should concentrate on the reduction of oxidative stress, treatment of inflammation and
liver protection for enhancement of detoxification process and boosting the immune system.
Various studies were conducted on the anti-cancer property of C.longa but not well studied about
the immuno-boosting mechanism and also no investigations in Ethiopia that can elucidate
therapeutics and chemo-preventive effects of C.longa rhizome which grown in Ethiopia. This
plant is effectively accessible and can be utilized in routine life. So, this investigation will incite
the clinical significance of C.longa for malignant growth and it will move clinicians to prescribe
C.longa for their patient combined with chemotherapy. The study also explains the anti-oxidant,
anti-inflammatory and hepatoprotective effects of C.longa which are important keys for the
treatment and prevention of cancer. Generally, results obtained from this study may empower the
utilization of C.longa as chemo-preventive, hepatoprotective and chemotherapeutic treatment.
Apart from that, this study will add knowledge for the scientific world about hematological
parameters which give benchmark data about how inflammation contributes to malignant growth
and the result obtained from this study may be used as baseline data for further study. Cancer

patients can likewise profit by this finding.



2. LITERATURE REVIEW

2.1. Colorectal cancer
2.1.1. Colorectal cancer epidemiology

Colorectal cancer (CRC) is ranked as the fourth most lethal and commonly diagnosed cancer in
the world (Gothai et al., 2018). There is great variability in the worldwide incidence and
mortality rates. Industrialized nations appear to have the greatest risk while most developing
nations have lower rates. Unfortunately, this incidence is on the increase. North America,
Western Europe, Australia and New Zealand have high rates for colorectal neoplasms
(www.hopkinsmedicine.org). According to the 2018 GLOBOCAN report, the worldwide cases
of CRC in males, females and both sex was 10.9%, 9.5%, and 10.2 % respectively. While the
Worldwide death report of CRC was 9.2% in both sex, 9.5% in females and 9% in males. The
new cases of CRC in Africa account 6.9 % in male, 5.1 % in female and in both sex it account
5.9 %. In east Africa it accounts 6.1 % in male and 4.5 % in female. In Ethiopia, it account 7%,

10.4% in males and 5.4% in females.

High rates of
Colorect cancer

Figure 1: Geographic distribution of sporadic colon cancer neoplasm

(https//www. hopkinsmedicine.org/gastroenterology hepatology/)
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2.1.2. Staging of colorectal cancer

Staging is used mainly to determine appropriate treatment strategies. Staging consists of
assessing the status of the tumor with regards to various factors, such as depth of tumor invasion
into the colorectal wall, fat and fascia involvement, status of circumferential resection margin,
invasion into surrounding structures, the involvement of local lymph nodes, and distant
metastasis (Bruening et al., 2014). Using the TNM staging, the progression of the original
primary tumor is denoted by the letter T (tumor); N (node) indicates whether the tumor has
spread to lymph nodes; M (metastasis) represents whether the tumor has metastasized to distant
organs in the body, most commonly the liver or lungs. T, N, and M are followed by numbers

giving further information on the stage of the disease (https://www.roche.com/med-colorectal-

cancer ).

Table 1: TNM classification of CRC.

The stages of colorectal cancer (TNM)
Stage Classification
Stage | The tumor is localized to the lining of the colon.
T1 -T2, NO, MO
Stage 11 The tumor grows into the outer lining of the colon or surrounding tissue.
T3-T4, NO, MO
Cancer has metastasized to the lymph nodes.
Stage 111 Any T, N1-N2, MO
Cancer has metastasized to distant organs in the body.
Stage 1V Any T, Any N, M1

2.1.3. Inflammation and colorectal cancer

CRC especially sporadic form is most strongly related to lifestyle factors. The epidemic of
obesity and physical inactivity has a great impact on disease patterns. Likewise, an altered
metabolism has consequences at the cellular and molecular level with implications for cancer
initiation and growth (Hagland et al., 2013). Recent data have expanded the concept that

inflammation is a critical component of tumor progression (Coussens and Werb, 2002).
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Chronic inflammation is a critical component of CRC initiation and progression. This is
supported by finding of strong associations between inflammatory bowel disease (IBD) and
CRC, and by findings supporting the positive effects of chronic Non-steroidal anti-inflammatory
drugs use in CRC (Colussi et al., 2013).

Cancer and inflammation are linked by two pathways: the extrinsic and intrinsic pathways
(Mantovani et al.,, 2008). In the extrinsic pathway, tumor initiation and development are
triggered by inflammation or infection. In the intrinsic pathway, somatic alterations and genetic
mutations activate signaling pathways (B-cateni/WNT, TGFp signaling, P53, Myc, etc) that lead
to an inflammatory response (Mantovani et al., 2008). Both pathways can meet regardless of the
origin, mediators, and effectors of inflammation (such as inflammatory cells), cytokines and
growth factors create an optimal environment for tumor-cell proliferation, survival, and
metastasis (Balkwill et al., 2005).In support of the role of chronic inflammation in CRCs,
researchers studied the role of the pro-inflammatory cytokine tumor necrosis factor (TNF)-o, the
transcription factor Signal Transducer and Activator of Transcription 3 (STAT3) protein,

Interleukin (IL)-6 and the C-reactive protein (Colussi et al., 2013).

Chronically elevated levels of TNF-o promote tumor growth, proliferation, and metastasis. 1L-6
iS a cytokine involved in the regulation of the acute phase of inflammation and, in its own
transduction pathway, stimulates the transcription of STAT3(Colussi et al., 2013).Cancer cells
produce cytokines and chemokines that attract a diverse immune-cell infilttrate composed of
macrophages, neutrophils, and lymphocytes. These infiltrating immune cells can produce
cytotoxic mediators, such as ROS, matrix metalloproteinases and cytokines (TNF-a), ILs and
interferons(Coussens and Werb, 2002).

Persistent activation of the immune system and failure of the inflammatory response results in
chronic inflammation. The chronic inflammatory microenvironment fosters genomic lesions and
promotes tumor growth. One effector mechanism includes the production of free radicals by the
host such as reactive oxygen intermediates (ROI),hydroxyl radicals, superoxide, reactive
nitrogen intermediates (RNI), nitric oxide and peroxynitrite (Hussain et al., 2003). Notably, ROI
and RNI increase the risk of DNA mutations via oxidative stress and nitration of DNA bases.
Finally, the failure of cell death and repair programs in chronically inflamed tissues leads to

continuous DNA replication and cellular proliferation (Gun et al., 2019).



2.1.4. Molecular mechanism of colorectal cancer

The pathogenesis of CRC varies according to genetic or epigenetic changes. Such genetic and
epigenetic alterations are directly responsible for a specific event within the sequence that leads
to CRC, by contributing to the “nitiation” of neoplastic transformation of healthy epithelium
and/or determining the “progression” towards more malignant stages of the illness (Colussi et
al., 2013). Among these specific events around 75% of CRCs have mutations in the
adenomatous polyposis coli (APC) tumor suppressor gene (Christie et al., 2013). Mutation in the
APC activates the Wnt signaling pathway by increasing p-catenin levels. [-catenin is
translocated to the nucleus and enhances the transcription of various oncogenes with T-cell
factor transcription factors (Tarig and Ghias, 2016). High p-catenin levels are noted in
gastrointestinal tumors (Bakker et al., 2013). The effects of APC restoration in mice are
demonstrated on tumor regression by the conversion of cancer cells back to normal. Mutations in
other genes of this pathway, particularly in B-catenin, may also lead to CRC. These mutations are
found in 48% of CRCs without APC mutation (Tarig and Ghias, 2016). B-catenin activates a set
of 162 Wnt pathway target genes in a colon cancer cell line (Watanabe et al., 2014). Mutations
of K-ras lead to a permanently active state that permits the cell to evade apoptosis and acquire a
growth advantage for the cancer cell. Ps3 loss of function is frequently present in the later stages
of colorectal tumorigenesis. BRAF mutations are often associated with a poorer CRC prognosis
(Colussi et al., 2013).

2.1.5. Liver and Colorectal cancer

Hepatocytes are the most abundant cell type in the liver, accounting for 90% mass of the liver.
Their primary role is toxin neutralization (Crispe, 2016). The liver is the first line of defense
against potentially harmful xenobiotics, and it is, therefore, the target organ that is most
commonly affected by commercially-produced chemicals and environmental pollutants (Al
Eryani et al., 2015). These result in the generation of reactive moieties that can cause tissue

injury and modification of hepatic metabolism (Cichocki et al., 2017).

Toxicant associated fatty liver disease is a recently identified form of non-alcoholic fatty liver

disease (NAFLD) associated with exposure to industrial chemicals and environmental pollutants.
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Numerous studies have been conducted to test the association between industrial
chemicals/environmental pollutants and fatty liver disease both in vivo and in vitro (Al-Eryani et
al., 2015). Several mechanisms intoxicant associated fatty liver disease occurred including
hepatocyte  necrosis, pro-inflammatory cytokine elevation, decreased antioxidants, and
mitochondrial dysfunction (Wahlang et al., 2013).The association between NAFLD and
colorectal adenoma has been investigated in multiples studies (Muhidin et al., 2012; Shen et al.,
2014).

2.1.6. Alteration of hematological and biochemical parameters during colorectal cancer
2.1.6.1. Alteration in white blood cell and its differentials

The peripheral blood count is a basic and highly informative hematological tool at the clinician’s
disposal in screening, diagnosis, and monitoring of disease progression and therapeutic response.
Peripheral blood interpretation is important for a successful clinical practice (Adewoyin and
Nwogoh, 2014). Inflammation plays a critical role in cancer onset and development. Several
systemic inflammatory factors can be used to predict the prognosis for CRC and alter WBC
count (Wu et al., 2017).

2.1.6.1.1. Alteration in neutrophil count

The inflammatory response is accompanied by an increase in circulating neutrophil levels and a
decrease in circulating lymphocyte levels. A high concentration of neutrophils is known to
promote tumor progression and it can suppress the antitumor effect of lymphocytes. An
imbalance of neutrophils and lymphocytes in peripheral blood can be associated with tumor
development (Demir et al., 2015).Neutrophils are an important component of peripheral blood,
and have the ability to promote the development of tumors, due to their effect on tumor-related
angiogenesis in addition to this they are a primary source of circulating angiogenesis-regulating
chemokines, growth factors, and proteases. In many patients with advanced cancer, elevated
counts of neutrophils in the blood are found. How tumors induce neutrophilia is uncertain, but
the production of granulocyte-macrophage colony-stimulating factor (GM-CSF) is a possible
mechanism in several types of cancer (Wu et al., 2019). In addition, other cytokines such as
granulocyte colony-stimulating factor (G-CSF), IL-1, and IL-6 produced by tumors seem to
contribute to elevated neutrophil numbers in the blood. This neutrophilia is associated with poor

prognosis in several types of cancers including colorectal cancer. It represents evidence for the
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concept of cancer-related inflammation-inducing tumor progression (Uribe-Querol and Rosales,
2015). On Kaplan-Meier analysis of the whole cohort, age, Tumor, Nodal, and Metastasis stage,
venous invasion, margin involvement, peritoneal involvement, and tumor perforation, and white

cell and neutrophil count was associated with survival of cancer (Watt etal., 2015).
2.1.6.1.2. Alteration in lymphocyte count

Lymphocytes participate in cytotoxic cell death and inhibition of tumor cell proliferation and
migration. Lymphopenia usually indicates disease severity and can make cancer cells escape
from the immune of tumor-infiltrating lymphocytes (TILs).TILs are formed by lymphocytes
migrating into the tumor microenvironment. It has been proved that decreased levels of TILs
predict worse survival in patients with CRC (Wu et al., 2017).

2.1.6.1.3. Alteration in monocyte count

Monocyte promotes tumor progression and metastasis (Evani et al., 2013). Several pro-
inflammatory cytokines, secreted from monocytes, are associated with poor prognosis in cancer
patients, such as TNF-o and IL-1 (Landskron et al., 2014).Tumor-associated macrophages,
derived from circulating monocytes, have a role in suppressing adaptive immunity and
promoting angiogenesis, invasion, and migration. The peripheral monocyte count was associated
with the density of tumor-associated macrophages (TAMSs) in the cancer microenvironment
(Cassetta and Pollard, 2018).

2.1.6.2. Alteration in platelet count and its indices

In malignancy, tumor cells can activate platelets by direct contact, or via the release of mediators
such as ADP, thrombin, thromboxane-A2 or tumor-associated proteinases (Lou et al., 2015).
Many of the major structural components of platelets and platelet receptors that contribute to
hemostasis have also been found to relate to malignancy progression. In addition to coagulation-
related proteins, platelets also store proteins within the alpha granule that can regulate
angiogenesis and metastasis (Wojtukiewicz et al., 2017). Several studies have suggested an

increase in platelet activation in the blood of patients with cancer (Plantureux et al., 2018).
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2.1.6.3. Alteration in RBC and its indices

Anemia in cancer patients is due to decreased the production of RBCs resulting from nutritional
deficiencies; insufficient production of RBCs because of the presence of chronic disease; due to
reduction of erythropoietin (EPO); bone marrow infiltration by the tumor or bone marrow
suppression resulting from anti-cancer treatment (Schrijvers, 2011). High levels of pro-
inflammatory cytokines and increased oxidative stress may contribute to the development of
cancer-related anemia. The tumor which related to inflammation has a positive correlation with
red blood cell distribution width (RDW) (Li et al., 2018). Tumor growth can lead to
malnutrition, which causes changes in erythropoiesis. It is well known that patients with CRC
have a tendency for hemorrhage, which reduces iron storages. These lead to the variation of red

blood cell size and increase RDW (Song et al., 2018).

2.1.6.4. Alteration of Neutrophil-to-Lymphocyte ratio, Platelet-to-Lymphocyte ratio, and
Lymphocyte-to-Monocyte ratio

Several studies have demonstrated that many systemic inflammatory factors can be used to
predict the prognosis for CRC patients, such as platelet-to-lymphocyte ratio (PLR), neutrophil-
to-lymphocyte ratio (NLR), and lymphocyte-to-monocyte ratio (LMR) (Wu et al., 2017). NLR is
a predictive parameter for tumor staging and a prognostic marker in CRC. NLR may be
considered as the balance between pro-tumor inflammatory status and anti-tumor immune status.
Its prognostic role has been evaluated in several studies including patients affected either by

locally or advanced stage of CRC (Ozgehan et al., 2014).

Ozdemir and his colleague's retrospective study a series of 281 patients, that includes stage | to
IV CRC, local recurrences and presence of distant metastases suggested that high NLR value and
was predictive of shorter survival rate (Ozdemir et al., 2014). Pre-treatment PLR and LMR could
be also used as prognostic predictors in CRC patients. Elevated PLR was associated with poor

prognosis (Chen et al., 2018).
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2.1.6.5. Alteration of Triglyceride

Lipid metabolism disorders play an important role in carcinogenesis and development as well
since they cause abnormal expression of various genes, proteins, and deregulation of cytokines
and signaling pathways (Long et al.,2018). Hyperlipidemia can lead to enhanced neutrophil
infiltration, which increases CRC metastasis. There are three primary aspects that relate
hyperlipidemia with CRC metastasis: promotes the initial metastatic properties of CRC;
stimulates CRC cells to leave the vasculature, and facilitates the development of CRC metastasis
(Shen et al., 2018). In a metastatic microenvironment, high levels of plasma triglyceride
contribute to ROS-induced oxidative stress. ROS degrade molecules such as PKC and protein
tyrosine phosphatases and regulate downstream molecules of mitogen-activated protein kinase
(MAPK) and p21 activated kinase (PAK), which are both involved in cancer migration. Serum
triacylglycerol concentrations are involved in the pathogenesis of colon cancer (Shen et al.,
2018).

Higher serum triglycerides level was significantly associated with an increased prevalence of

both non-advanced and advanced colorectal adenomas (Li et al., 2011; Yang et al., 2013).
2.2. 1,2 -Dimethyl hydrazine(DMH)

Animal models have been viewed as critical tools necessary to study potential preventative and
therapeutic strategies of colorectal carcinogenesis. For research purposes, the two major animal
models of colorectal carcinogenesis are colorectal tumors induced by chemical or environmental
agents in rodents, which represent sporadic CRC, and genetically modified mice, which
represent the hereditary familial adenomatous polyposis and hereditary non-polyposis colorectal
cancer syndromes (Johnson and Fleet, 2013). The two most commonly used chemical substances
in animal models for induction of sporadic CRC are azoxymethane (AOM) which is a direct
inducer, and 1,2 dimethyl hydrazine (DMH), which is an indirect inducer of carcinogenesis. The
mechanisms of development of CRC by DMH and AOM is the same with naturally occurring

CRC in humans (De-souza and Costa-Casagrande, 2018).

The DMH/AOM model of colon carcinogenesis is a valid, well-appreciated, and widely used
model of experimental colon carcinogenesis. It shares many similarities to human sporadic
Colon Cancer(Perse and Cerar, 2010).
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DMH and AOM are pro-carcinogens, which require metabolic activation by cytochrome P450
enzymes. They undergo a series of reactions through intermediates AOM and
methylazoxymethanol (MAM) to the ultimate carcinogenic metabolite, highly reactive
methyldiazonium ion. DMH undergoes N-oxidation to form AOM, which, upon hydroxylation,
yields MAM which is unstable, with a half-life of approximately 12 hr. It subsequently
decomposes to yield formaldehyde and a highly reactive methyldiazonium ion, MAM can be
excreted into the bile and transported to the Colon or enter directly into epithelial cells of the
colon from blood circulation (Perse and Cerar, 2005).1t is responsible for methylation of the
DNA bases, including epithelial cells in the proliferative compartment of the crypts, which result
in a great loss of colonic cells by apoptosis, an increase in proliferation, and an apparent increase
in mutations of colonic epithelial cells (Hamiza et al., 2014). Some studies have also
demonstrated that rat colon epithelial cells are capable of metabolizng DMH into the
carcinogenic metabolite without previous metabolism by other tissues or colon bacteria
(Abdelaziz et al., 2016). DMH is highly toxic and carcinogenic and affects a number of body
organ including the liver. It is metabolized in the liver and produces highly reactive electrophiles
i.e., carbonium ions and alkyl free radicals which severely damage the liver causing necrosis and
fatty infiltration, methylate nucleobases and disrupt the polysomal assembly (Sharma and
Sharma, 2011).

2.2.1. DMH and Colorectal cancer

MAM alkylates the DNA bases, resulting in the formation of DNA adducts, including O6-
methylguanine (08-mG) and N7-methylguanine (N7-mG). Persistence of O6-mG can lead to
mutation in oncogenes and initiation of tumorigenesis (Megaraj et al., 2014).DMH treatment
generates free radicals in colonic tissue. Thus, DMH treatment decreases the level of antioxidant
enzymes(Hamiza et al., 2012).The metabolite of DMH causes DNA mutations from G:.C to AT
in genes (K-ras, Apc, p-catenin). Following DMH treatment, the epithelial cells undergo
pathogenesis from minor lesion aberrant crypt foci to adenomas and malignant adenocarcinomas
(Rosenberg et al., 2009).

In the progression of DMH carcinogenesis, the reactive metabolite causes the methylation of
DNA in colonic epithelial cells and B-catenin gene mutation (Tanaka, 2009). Mutation in f-

catenin or APC prevents the phosphorylation and consequently [-catenin proteosomal
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degradation in cytoplasm leading to increased level of cytoplasmic B-catenin. This is resulted in
accumulation of B-cateni/TCF/LEF complexes in the nucleolus and activation of downstream

target oncogenes such as c-myc, c-jun and cyclin D1 leaded to colon cancer (Shanget al., 2017).
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Figure 2: DMH reactive metabolites in the colon, adapted from (Thangaraj et al., 2018). ACF:
Aberrant crypt foci; AOM: Azoxymethane; CAT: Catalase; DTD: DT-Diaphorase; GST:
Glutathione S-transferase; MAM: Methyl azoxy methanol; SOD: Super oxide dismutase; 1 arrow

showing increasing; l arrow showing decreasing.
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2.3. Curcuma longa Linn. (Curcuma domestica Val.)

Curcuma longa (C. longa) contains many secondary metabolites like phenols, alkaloids, tannins,
steroids, saponins, flavonoids, and many others. Phytochemicals are the non-nutritive chemical

constituents of plants that help to protect the plant for defense and prevent them from being

infected by diseases. They can also protect humans against a variety of diseases (Oghenejobo et
al., 2017).

Figure 3: (a) C.longa in its natural habitat (https//www.easytogrowbulbs.com/); (b) C. longa

rhizome (https//www.pinterest.com/); (c) Powder of C.longa (https://www.alibaba.com/)

2.3.1. Biochemical composition of Curcuma longa Linn (C.longa)

C.longa contains a wide variety of phytochemicals, including curcumin, demethoxycurcumin,
bisdemethoxycurcumin,  zingiberene, curcumol, eugenol, tetrahydrocurcumin, triethylcurcumin,
turmerones, and turmeronols(Elhassaneen et al., 2017). Its main yellow compounds are
composed of curcumin, demethoxycurcumin, and bis-demethoxycurcumin, and most of the
yellow color of C.longa can be explained by the presence of these curcuminoids (lijima and Joh,
2014). Curcuminoids comprise 3-6% of C.longa powder (Aggarwalet al., 2007). The remaining
two curcuminoid accounts, Demethoxycurcumin about 15-20 % and bisdemethoxycurcumin
about 3%. Curcumin is the most studied and makes up 70-75% curcuminoids. Curcumin is
insoluble in water but is easily soluble in ethanol and acetone (Hegde et al., 2012). C.longa has a
peculiar smell due to the aromatic volatile oil components. This oil component contains 25%

turmerone, 11.5% curdine and 8.55% ar-turmerone (Oghenejobo et al., 2017).
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C.longa also contains nutritive components. It contains 5.1 % fat, 6.3%protein, 69.4%

carbohydrate, 3.5% minerals and 3.5% moisture (Kocaadam and Sanlier, 2015).
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Figure 4: Structure of curcuminoids, adapted from (Janeen et al., 2016)
2.3.2. Medicinal use of C.longa

C.longa has a long tradition of use in the Chinese and Ayurvedic systems of medicine in India,
particularly as an anti-inflammatory agent, antioxidant, hepatoprotective, and anti-carcinogenic
(Hewlings and Kalman, 2017).
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Figure 5: Medicinal use of C.longa (https://www.zetpilnutrition.com /trying-to-capitalize-on-

the-power-of-curcumin/)

2.3.2.1. Antioxidant effect of C.longa

The antioxidant activity of curcumin depends upon the presence of both the central methylene
hydrogens and the phenolic hydrogen. It has a conjugated structure and shows a typical radical
trapping ability as chain-breaking antioxidant properties. Generally, it has a dual effect in oxygen
radical reactions, thus it can act as a scavenger of hydroxyl radicals or it catalyzes the formation
of hydroxyl radicals (Pandey et al., 2011).Curcumin and other curcumunoid have the ability to
induce glutathione-S-transferase, inhibit free radical generation and act as free radical
scavengers, inhibiting lipid peroxidation (Jagetia and Rajanikant, 2015). It is known to protect
biological membranes against peroxidative damage. Peroxidation of lipids is known to be a free-

radical-mediated chain reaction, leading to the damage of the cell membranes, and the inhibition
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of peroxidation by curcumin is mainly attributed to the scavenging of the reactive free radicals
involved in the peroxidation (Khater et al., 2013). It also chelates with iron and disarms the
oxidative properties. It inhibits the free radical damage to biomolecules both in vitro and in vivo
conditions by prevention and intervention processes which makes it very unique natural
antioxidant (Pandey et al., 2011). In human hepatocyte LO2 cell line study showed curcumin was
able to avoid the ROS formation by increasing superoxide dismutase (SOD) activity and reduced
glutathione levels after treatment with the antimicrobial feed additive quinocetone as a generator
of free radicals (Pulido-Moran et al., 2016). C.longa may stabilize the cell membrane and restore

various blood variables (Sharma and Sharma, 2011).

2.3.2.2. Anti-inflammatory activity of C.longa

Curcumin was found to anti-inflammatory response. The natural anti-inflammatory activity of
curcumin is competing with steroidal drugs and nonsteroidal drugs (Bagad et al., 2013). Its anti-
inflammatory property appears to be mediated through the inhibition of the induction of cyclo-
oxygenase (COX-2), Lipoxygenase (LOX), Inducible nitric oxide synthase (INOS). It also
inhibits the production of cytokines such as interferon-gamma and TNF-a; activation of
transcription factors like NF-xB, and AP-1 (Zhou et al., 2011). The volatile oils and curcumin of
C.longa exhibit potent anti-inflammatory effects. Oral administration of curcumin for acute and
chronic inflammation was found to be as effective as cortisone or phenylbutazone and also
reduced inflammatory swelling through inhibition of  neutrophil aggregation associated with

inflammation (Kumar and Sakhya, 2013).
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Figure 6: Molecular targets of curcumin, adapted from (Aggarwalet al., 2007)
2.3.2.3. Hepatoprotective effect of C.longa

Curcumin is known to protect the liver against toxic chemicals. There is evidence that curcumin
enhances liver detoxification by increasing the activity of glutathione-S-transferase, an enzyme
that conjugates glutathione with a wide variety of toxins to facilitate their removal from the body
(Saifi et al., 2015).Studies have shown its hepatoprotective effects in protecting animal livers
from a variety of hepatotoxic insults, including carbon tetrachloride (CCLs) (Deshpande et al.,
1998), galactosamine (Kiso et al., 1983), acetaminophen (paracetamol) (Donatus et al., 1990),
and Aspergillus aflatoxin (Soni et al., 1992). Its hepatoprotective effect is mainly a result of
C.longa’s antioxidant properties. In rats with CCLs-induced acute and subacute liver injury,
curcumin  administration  significantly decreased certain liver enzyme values, resulting in
decreased liver injury in the test animals compared to controls (Park et al., 2000). C.longa
extract inhibited fungal aflatoxin production by 90 percent when given to ducklings infected with

Aspergillus parasiticus at concentrations of 5-10 mg/mL.
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C.longa and curcumin were also found to reverse biliary hyperplasia, fatty changes, and necrosis
induced by aflatoxin production. Curcumin alone had no effect on aflatoxin production (Soni et
al., 1992).
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Figure 7: Some health benefits of curcumin on liver damage, adapted from (Reyes-Gordillo et
al., 2017).—* arrow showing inhibition.

2.3.2.5. Hypolipidemic effect of C.longa

C.longa plays a crucial role in the reduction of lipid levels (Santoshkumar et al., 2016). Earlier
studies have found that C.longa is known to possess hypolipidemic activity (Ali Hussain, 2002).
The hypolipidemic effect probably results from increased elimination of bile in the liver and also
increased hepatic cholesterol 7a-hydroxylase activity (Babu and Srinivasan, 1995; Santoshkumar
et al., 2016). C.longa extract has significantly raised HDL levels both in healthy and diabetic rats
and significantly reduced serum TC, TG, LDL levels (Santoshkumar et al., 2016). For C.longa,
early studies suggested that the main active component, curcumin, is responsible for the

reduction of cholesterol in experimental rats (Hussein et al., 2014).
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Figure 8: Molecular and cellular mechanisms of hypolipidemic effects of curcumin, adapted
from (Zingg etal., 2013)
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Figure 9: Curcumin and its potential inhibitory effects on the metabolic pathway of arachidonic

acid, adapted from (Park and Conteas, 2010). COX: Cyclooxygenase; HPETE: hydroperoxyl
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2.3.2.6. C.longa and colorectal cancer

Several studies have demonstrated curcumin has the ability to inhibit carcinogenesis at three
stages: tumor promotion, angiogenesis, and tumor growth (Nagpal and Sood, 2013). C.longa and
curcumin are also capable of suppressing the activity of several common mutagens and
carcinogens in a variety of cell types in both in vitro and in vivo studies(Lee et al., 2013). The
anti-carcinogenic properties of C. longa are due to increase glutathione levels, which induce
hepatic detoxification of mutagens and carcinogens. Curcumin also induces apoptosis of cancer

cells and it inhibits angiogenesis (Nasri et al., 2014).

CRCs owverexpress EGFR in > 90% of clinical patients, the literature indicates that EGFR is
involved inactivating the JAK-STAT signaling pathway for the survival of Cancer stem cell
(CSC). In fact, EGFR was reported to be responsible for maintaining the survival of cancer stem-
like cells (CSLCs) in EGFR-positive cancer. Therefore, EGFR downstream proteins, such as
STAT3play a crucial role in activating Wnt signaling in colon cancer (Cheng et al., 2018). The
oncogenic  significance of activated STAT3 molecules is due to their effects on various
parameters, such as apoptosis, cell proliferation, angiogenesis, and immune system evasion
(Chakravarti et al., 2006).Curcumin inhibits STAT3, which as it has already been mentioned
plays key roles in cancer development and progression (Vallianouet al., 2015). Experiments
performed on human colon carcinoma cell (Lovo cell) growth has proved that Curcumin inhibits
Lovo cells growth and induces apoptotic cell death in S and G2/M phases of the cell cycle(Chen
et al.,, 1999).Fifteen patients with advanced colorectal cancer were treated for up to 4 months
with Curcuma extract at doses of 0.44 and 2.2 g/day, each containing 36-180 mg of curcumin.
This dose did not induce any observed toxicity but resulted in a 59% decrease in lymphocytic
glutathione S-transferase (GST) activity. A study was done by Sharma and his colleagues in the
colorectal patients who treated with curcumin for two months confirmed the decline of cancer
biomarkers after the treatment of curcumin (Sharma et al., 2001). Curcumin doses between 0.45
and 3.6 g daily for up to 4 months in 15 patients with advanced colorectal cancer resulted in the
dose-dependent inhibition of PGE2 production, a finding illustrating the efficacy of curcumin in
the cure of colorectal cancer (Tomeh et al., 2019).Curcumin prevents metastasis by decreasing

platelet and leukocyte adhesion (Vachharajani et al., 2010).
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Figure 10: Curcumin and its effects on the three stages of carcinogenesis, adapted from (Park

and Conteas, 2010). COX: Cyclooxygenase; IL: Interleukin; MMP: Matrix metalloproteinase;

NF-xB: Nuclear factor-B; OPN: Osteopontin; ROS: Reactive oxygen species.
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3. OBJECTIVE OF THE STUDY

3.1. General objective

v

To assess the effect of Hydroethanolic extract of Curcuma longa rhizome on colon, liver
and Hematological parameters on a model of 1,2- Dimethyl hydrazine induced colorectal

cancer male Wistar albino rats

3.2. Specific objectives

v

To find out phytochemical component and assessment of in vitro antioxidant activities of
HEECLR

To assess RBC, WBC and platelet indices altered by DMH induced colorectal cancer and
alleviation potential of HEECLR

To find out the alleviation potential of HEECLR on liver enzymes and histopathological
changes of liver in colorectal cancer

To examine histopathological variations of colon cancer and restoration potential of
HEECLR

To assess the chemo-preventive effect of HEECLR

To find out the correlation between triglyceride and hematological and liver enzymes

parameters
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4. MATERIALS AND METHODS
4.1. Study area and period

The study was conducted at Department of Biochemistry, School of Medicine (SOM), College of
Health Sciences (CHS), and Addis Ababa University (AAU) from September 2018 to May 2019.

4.2. Study design

Randomized experimental study
4.3. Study animals

Eighty male Wistar albino rats weighing 150-180 grams were obtained from the Department of
Pharmacology, School of Pharmacy and the rats were placed in the animal house of the
Department of Biochemistry, SOM, CHS, AAU. Acclimatized with rat pellet diet (obtained from
Kality Animal Nutrition Production Ltd., Addis Ababa, Ethiopia) and water provided ad libitum
for two weeks. The room was well- ventilated and maintained at room temperature and natural
12/12hr light and dark period. The animals were kept 8 rats in polypropylene cages (size of 59
cm x37 cm and depth of 20 cm) with a wire mesh top and a hygienic bed of husk (regularly
changed every week). Cages were labeled and specific code was given (on the tail of rats) for all

rats.
4.4. Chemicals and Solvents

1,2-Dimethylhydrazine  Dihydrochloride ~ (C2HsN2.2HCI)  (TCI, India.),Sodium  hydroxide
(NaOH) (Unichem Ltd., Lithuania.), Sodium chloride (NaCl) (MedSol pharmaceuticals,
Ethiopia.), Ethanol (C2HsOH) (Research-Lab fine chem. Industries, India),Whatman filter paper
no.2 (What man International Ltd., England.), 2,2-diphenyl-1-picryl-hydrazyl (DPPH) (Sigma
Aldrich, India.), Methanol (CHs30H) (Research-Lab fine chem. Industries, India.), Sodium
Carboxy methyl cellulose (Unichem Ltd., Lithuania.), Ascorbic acid (BDH chemical Ltd., UAE),
Hydrochloric acid (HCI) (Unichem. Ltd., Lithuania.), lodine (Pharmachemic Trading Agency
Co. Ltd, Malta), Potassium iodide (Pharmachemic Trading Agency Co. Ltd, Malta), Chloroform
(Research-Lab fine chem.Industries, India), Sulfuric acid (Unichem Ltd. Lithuania), Ferric
chloride (Research-Lab fine chem. Industries, India), Formaline (Research-Lab fine chem.

Industries, India).

27



4.5. Plant material

C.longa rhizome was collected from the farm area of Mizan Tepi. Tepi is located in
southwestern Ethiopia in Sheka zone of Southern Nations and Nationalities’ Peoples Regional
State. It is located 611 Km away from Addis Ababa at Latitude of 7°10' 54.5" N and Longitude
35° 25.04' 28.2" E and Altitude of 1200 meters above sea level. The site receives mean annual
rainfall of 1688 mm with maximum and minimum temperatures of 29.5°C and 15.3°C,
respectively (Gebreazgaabher and Negash, 2015). The plant was kept in a plastic bag and
transported to Addis Ababa within a day of collection. The Sample was pressed, identified and
authenticated at National Herbarium, Department of Plant Biology and Biodiversity, AAU using
Ethiopian flora volumes. It was identified as “Curcuma domestica Valeton’’ as the family of
‘“Zingberaceae’’with  voucher numbered G-001 and deposited at National Herbarium,

Department of Plant Biology and Biodiversity, AAU.
4.6. Extraction of plant material

The rhizomes of C. longa were washed and crushed using mortar and pestle. Then dried under
shaded area for two weeks and powdered, and stored in a tight glass container for further use.
200 g of C.longa powder was macerated in 70% ethanol (1:8 ratio) and the solution was shaken
for 24 hours under shaker with a speed of 150 rpm.Then the solution was filtered with nylon
cloth followed by filter paper (Whatman no.1). Then the solvent was allowed to evaporate using
a rotary evaporator at 45°C and the remaining water was removed by lyophilization. The final
product was stored at room temperature until use (Shakeri et al., 2017).The above procedure was
repeated until enough amount of extract obtained from 5000 grams. The plant extraction process
was done in the Department of Biochemistry laboratory, SOM, CHS, AAU.
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4.7. Qualitative phytochemical analysis

The possible presence of phytochemicals in crude 70% ethanoic extract of rhizomes of C. longa

was screened qualitatively.
4.7.1. Testfor Saponins (Frothing Test)

5mL of HEECLR was mixed with 20mL of distilled water and then vigorously shaken in a test-
tube and left to stand. Foaming (frothing) was observed which lasted for 15 minutes. This shows

the presence of saponins (Mujeeb et al., 2014).
4.7.2. Testfor Tannins

5 mL of the extract was added to 2.0 ml of 1% HCI. Deposition of a red precipitate shows the
presence of tannin (Usman et al., 2009).

4.7.3. Testfor Flavonoids

1 mL HEECLR treated with dilute ammonia (10%). The appearance of yellow color after adding
ammonia solution and disappearance of yellow color after adding concentrated sulfuric acid was

taken as positive result (Vimalkumar et al., 2014).

4.7.4. Testfor Alkaloids (Wagner’s test)

2 mg HEECLR was acidified with 1.5 % Of hydrochloric acid and few drops of Wagner s
reagent (iodine in potassium iodide solution) were added and formation of brown/reddish brown

precipitate indicates the presence of alkaloids (Anyasor et al., 2014).

4.7.5. Testfor Phenols (Ferric chloride test)

The extract (1 ml) was dissolved in 2.0 ml of chloroform in a test tube, and then 1 ml of conc.
H2SO4 was added. Formation of reddish brown colour at the inter - phase confirms the presence
of steroid (Usman et al., 2009).

4.7.6. Testfor steroids (Keller- Killiani test)

To 0.5 mL of the test solution, 2 mL of 3.5% FeCls, a small amount of glacial acetic acid and 2
mL of concentrated H.SO4 was added. The appearance of the reddish-brown ring at the interface

IS a positive indication for the presence of steroids (Sheel et al., 2014).
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4.8. DPPH Assay for testing the Antioxidant Activity of HEECLR
4.8.1. Qualitative assay for anti-oxidant property

Qualitative assay for the anti-oxidant property of HEECLR was based on the procedure of Soler-
Rivas et al. with modifications. Different concentrations of the extract, 250 mg/100mL, 500
mg/100mL, and 1000 mg/100mL were taken in separate test tubes. 50 mL of 0.1 mM DPPH
solution was prepared in a petri dish for easy immersion. 3pLof the sample from different
concentrations was carefully loaded into 3 cmx4 cm size thin layer chromatography (TLC)plate
and allowed to dry. The dry TLC plate was placed upside down for 10 seconds in a 0.1 mM
DPPH solution and was dried by air. TLC layers gave a purple background with yellow spots at
the location of those drops which showed radical scavenging activity. The intensity of the yellow
color is subjected to the amount and nature of radical scavengers present in the sample (Soler-
Rivas et al., 2000).

4.8.2. Quantitative assay for Anti-oxidant property

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) is a stable free radical with a maximum absorbance
at 517 nm. It can be readily scavenged by an antioxidant and gets converted into 1,1-diphenyl-2-
picrylhydrazine. Different concentrations of the extracts were taken in separate test tubes. The
volume was adjusted to 100 ul with methanol. Five mL of 0.1 mM methanolic solution of DPPH
was added to these tubes and shaken vigorously. The tubes were allowed to stand for 20 min at
room temperature. The control was prepared as above without extract, and methanol was used
for the volume correction. Changes in the absorbance of the samples were measured at 517 nm
using a spectrophotometer (Jenway, Bibby Scientific Ltd, UK.). Radical scavenging activity was
expressed as the inhibition concentration (ICsp), ie., the concentration of extract necessary to
decrease the initial concentration of DPPH by 50% (ICsp) under the specified experimental

condition(Loganayaki et al., 2013).

A control - A sample

DPPH Activity % = +100

A control

Where; A is absorbance.
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4.9. Acute oral toxicity study

Acute toxicity study was done according to the Organization for Economic Co-operation
Development (OECD) guideline for testing of chemicals. Female rats were placed in two groups
(each containing five rats). The acute oral toxicity of hydroethanolic extract of C.longa rhizome
(HEECLR) was carried out in two different doses (2,000 mg/kg and 5,000 mg/kg). The extract
was dissolved in 0.5 mL 2% carboxymethyl cellulose (CMC) and administered orally with oral
gavage. The rats were observed for abnormalities including changes in the skin, fur, eyes,
mucous membranes, respiratory, circulatory, autonomic, central nervous systems, somatomotor
activity, and behavior pattern. Such observations include tremors, conwulsions, salivation,
diarrhea, lethargy, sleep, and coma. The rats were examined for the first 24 hours followed by 14
days.

4.10. Preparation of 1,2-Dimethylhydrazine dihydrochloride

1,2-Dimethylhydrazine  dihydrochloride (DMH) was dissolved in normal saline solution
(0.9%NacCl); the pH was adjusted to 7.0 -7.5 with 1 M NaOH. It was prepared every week
freshly. Before and after usage DMH powder was stored at 4% (Bekusova et al., 2017). The
maximum DMH that could be administered to the rats was 20mg/kg. The maximum saline

volume was 2 mL/kg.
4.11. Experimental design

All rats except normal control group were given intraperitoneal injections of DMH to induce
cancer in a dose of 20 mg/kg body weight once a week for 15 consecutive weeks(Youssefet al.,
2018). Animals in the normal control group were given an intraperitoneal injection of normal
saline in a dose of 2mL/kg. After the cancer induction period, the HEECLR treatment period was
carried out for eight weeks. The extract was orally administered at three different doses (250,
500 and 1000) mg/kg b.w daily. The extract was dissolved in 0.5mLof 2%
Carboxymethylcellulose (CMC) (Ung et al., 2010). The normal control group was given 0.5 mL
of 2% CMC with oral gavage. DMH along with HEECLR (Co-treatment) group was given20mg
DMH/kg body weight and 500mg/kg HEECLR at the same time for 15 weeks.0.5 mL of 2%

CMC administration was given for the remaining 8 weeks.
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The experimental animals were grouped as follows:

Group-1: Control group (Normal saline 2 mL/kg for 15 weeks + 0.5 mL 2 % CMC for 8 weeks)
Group-11: Cancer group (DMH 20 mg/kg for 15 weeks + 0.5 mL 2 % CMC for 8 weeks)
Group-111: DMH 20 mg/kg for 15 weeks + HEECLR 250 mg /kg for 8 weeks

Group-1V: DMH 20 mg/kg for 15 weeks + HEECLR 500 mg /kg for 8 weeks

Group-V: DMH 20 mg/kg for 15 weeks + HEECLR 1000 mg /kg for 8 weeks

Group-VI: Co-treatment group (20 mg/kg DMH with 500 mg/kg HEECLR for 15 weeks+
0.5mL of 2% CMC administration for 8 weeks)

80 Rats
Group-I Cancer = 60 rats Group - V1
Normal control=10 rats Treated with 20 mg/kg Co-treatment group = 10 rats

DMH for 15 weeks
Treated with 20 mg/kg DMH +

500 mg/kg HEECLR for 15

Treated with normal saline
for 15 weeks

weeks
20 rats passed away
Group-I
40 rats left from DMH treatment period
10rats treated with
2 % CMC 8 weeks
Group -l Group-Ill Group-1V Group-V
10 rats treated 10 rats treated 10 rats treated 10 rats
with 2 % CMC with 250 mg/kg with 500 mg/kg tlrggge‘;;vlt;
for 8 weeks HEECLR for 8 HEECLR for 8 HEECLR for
weeks weeks 8 weeks
Group -VI
Figure 12: Framework for experimental design 10 rats treated with 2 % CMC for 8 weeks
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4.12. Sample collection

23 weeks after the start of the experiment, the rats were fasted overnight and anesthetized using
diethyl ether and 3mL of blood was drawn with a syringe by cardiac puncture. For complete
blood count,ImL of blood was transferred to ethylene diamine tetraacetic acid (EDTA) coated
tube and the remaining 2mL was transferred to the serum separator tube (SST) for liver enzyme
and triglyceride analysis. The sample in EDTA coated tube was thoroughly mixed and kept in
the test tube holder in an upright position and placed in an ice-box. The samples collected in SST
were left in an upright position for 30 min to allow for the formation of clot and then subjected to
centrifugation (5 min, 3000rpm); the serum is then transferred to a labeled Nunc tube and stored
at -20° until analysis., after blood sample collection the rats were sacrificed by cervical

dislocation and dissection was made and colon and liver were collected.

Overnight Fasting

Administration of diethyl ether and blood collection

1 mL in EDTA tubes 1 mL in SST
For CBC For liver enzyme and TG
analysis

Cervical dislocation and dissection

colon collection liver collection

Figure 1: Sample collection framework. EDTA: Ethylene diamine tetraacetic acid; SST: Serum
separator tube; TG: Triglyceride
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4.13. Sample analysis
4.13.1. Complete blood count

Complete blood count was performed by an automated hematology analyzer (Sysmex U.S.A), in
hematology and immunohematology reference laboratory at Ethiopian Public Health Institute
(EPHI).

Calculation of NLR, MLR, LPR, NHR, LHR, MHR

= Neutrophil to lymphocyte ratio (NLR): calculated by dividing neutrophil count by the
absolute lymphocyte count
NLR =Neutrophil count /Lymphocyte count

= Monocyte to lymphocyte ratio (MLR): calculated by dividing monocyte count by the
absolute lymphocyte count
MLR = Monocyte count / Lymphocyte count

= Lymphocyte to platelet ratio (LPR): calculated by dividing the lymphocyte count by
platelet count
LPR = Lymphocyte count /Platelet count

= Neutrophil to hemoglobin ratio (NHR): calculated by dividing the neutrophil count by
hemoglobin
NHR = Neutrophil count / Hemoglobin

= Lymphocyte to hemoglobin ratio (LHR): calculated by dividing lymphocyte count by
hemoglobin
LHR = Lymphocyte count / Hemoglobin

= Monocyte to hemoglobin ratio (MHR): calculated by dividing monocyte count by
hemoglobin

MHR = Absolute monocyte count / Hemoglobin
4.13.2. Analysis of serum triacylglycerol and liver enzymes

Biochemical parameters measured were triglyceride, Alanine aminotransferase (ALT),
Aspartate aminotransferase (AST) and Alkaline phosphatase (ALP).All biochemical analyses
were carried out by COBAS 6000(Roche Diagnostics GmbH, Mannheim, Germany) clinical
chemistry analyzer in National Reference Laboratory for Clinical Chemistry, at EPHI.
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4.12.2.1. Testprinciple for ALP

At alkaline pH of 10.3, ALP present in the sample catalyzes the hydrolysis of the colorless
organic phosphate ester, p-Nitro phenyl phosphate, to the yellow-colored product p-Nitro phenol.
The intensity of the yellow color is directly proportional to the ALP activity present in the
sample. The absorbance was measured at 410 nm. ALP activity was calculated as:

Conversion factor: U/L x 0.0167 = pkat/L

p -nitrophenyl phosphate + H,O ALP___, phosphate + para - nitrophenol
4.12.2.2. Testprinciple for ALT

ALT present in the sample catalyzes the reaction between L- alanine, and 2-oxoglutarateforming
L-glutamate and pyruvate. NADH reduces the pyruvate formed in a reaction catalyzed by lactate
dehydrogenase (LDH) to form L- Lactate and NAD+. The ALT activity was determined by
assaying the rate of NADH oxidation, which is proportional to the reduction in absorbance at 340
nm over time. The rate of the NADH oxidation is directly proportional to the catalytic activity of
ALT.

Conversion factor: U/L x 0.0167 = pkat/L

L- Alanine + 2-oxoglutarate ALT  L-Glutamate +pyruvate

Pyruvate + NADH + H* LDH L-Lactate + NAD*

4.12.2.3. Testprinciple for AST

AST present in the sample catalyzes the transfer of an amino group from L- aspartate to 2-
oxoglutarate to form oxaloacetate and L- glutamate. In the presence of malate dehydrogenase
(MDH), the oxaloacetate is reduced by NADH, to form malate and NAD+. The rate of NADH
oxidation is directly proportional to the catalytic activity of AST. It was determined by
measuring the decrease in absorbance at 340 nm over time.

Conversion factor: U/L x 0.0167 = pkat/L

L- Aspartate + 2-oxoglutarate AST  Oxaloacetate + L- Glutamate

Oxaloacetate + NADH + H* MDH , L-malate + NAD*
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4.12.2.4. Test principle for triacylglycerol

Triacylglycerol present in the sample is hydrolyzed by lipoprotein lipase (LPL) to glycerol and
free fatty acids. In the presence of ATP, the glycerol is phosphorylated by glycerol kinase to
form glycerol-3-phosphate. In the presence of oxygen, glycerol-3-phosphate is oxidized by
glycerol phosphate oxidase to form dihydroxyacetone phosphate and hydrogen peroxide. The
hydrogen peroxide produced then reacts with 4-aminophenazone and 4-chlorophenol under the
catalytic action of peroxidase to form a red-colored compound. The intensity of the red color is
directly proportional to the concentration of triglyceride present in the sample. The absorbance
was measured at 700/705nm.

Roche/Hitachi Cobas ¢ systems automatically calculate the analyte concentration of each sample.
Conversion factors:

mmol/L x 88.5 = mg/dL mg/dL x 0.0113 = mmol/L

mmol/L x 0.885 = g/L mg/dL x 0.01 = g/L

Triacylglcerol + 3H,0 LPL Glycerol + 3 R-COOH

Glycerol + ATP GK Glycerol-3-phosphate + ADP
Mg?*
Glycerol-3- phosphate + O, GPO Qihydroxyacetone phosphate + H,0,

4- (p- benzoquinone

H,0, + 4- aminophenazone + 4- chlorophenol peroxidase - monoimino)- phena
zone + 2H,0 + HCI

4.13.3. Histopathological examination of colon and liver

The colon was excised, flushed with saline, cut open longitudinally along the main axis, and then
again washed with saline. The inner surface was examined for visible macroscopic lesions. Both
colon and liver Samples collected under labeled cassettes. Slide preparation and reading were
done in the Department of Pathology, SOM, CHS, AAU. Slide picture was taken by a binocular
microscope fitted with a camera (Leica ICC50 HD, UK).
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4.13.3.1. Method of processing

1. Fixation: - The tissue was preserved/fixed in 10% formalin solution

2. Dehydration: - The preserved tissue was washed in running tap water for 4-6 minutes. Then,
they passed through upgraded alcohol as follows: - 70% alcohol — 1hour, 85 % alcohol — 1hour,
96% alcohol — 1hour, Absolute alcohol 1- 1hour, Absolute alcohol 11 — 1hour.

3. Clearing: - Clearing of tissue was done in Xylene-1hour in xylene -1, then after in xylene Il for
1 hour.

4. Infiltration: - Tissue was infiltrated with paraffin wax |, for land 1/2 hrs., paraffin wax Il for
2 and 1/2 hrs. and paraffin wax Il for overnight.

5. Embedding: - The cleared tissue was put in molten wax (melting point 56-58degree Celsius)
for 12 hours in a cryostat. The paraffin blocks of tissue were made with the help of embedding
cassettes.

6. Sectioning: - The serial paraffin sections of 5-micron thickness was cut by rotator microtome
and floated in a water bath having temperature 45-50 degree Celsius. The section was made
spread on the slide smeared with the adhesive solution (a mixture of equal 55 amount of glycerol
and egg albumin). The slide was dried on a hot plate with having a temperature of 50 degrees
Celsius.

7. Deparaffinization of sections: - The slide was put in xylene Il, changes each for 5-10 min in
order to remove the extracellular and intracellular wax.

8. Rehydration: - The slide was put in descending grades of alcohol i.e. absolute, 90 %, 70 %
and 50% alcohol for 2 min for each. The slide was then washed in running tap water for 2

minutes and then taken for routine H & E staining.
Method of Staining

The slide was stained with Hematoxylin for 10 minutes. Then it washed in running tap water
until the section becomes blue. Again, it stained in 1% eosin for 7- 10 min and washed in
running tap water for 5 minutes. The slide was dehydrated through 70 % and 95% Alcohol for 3
minutes, then absolute alcohol | and absolute alcohol Il for 1 and 1/2 hour. Finally, it cleaned by
Xylene 1 and Xylenell for 5 minutes.

9. Mounted — By Dibutyl phthalate in xylene (DPX)
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4.14. Ethical considerations

The study was carried out after obtaining ethical approval with reference number: Ref. No.
SOM/BCHM/153/2010, protocol number: M.Sc.08/18 and meeting number DRERC 08/18 from
the Department research ethics and review committee, SOM, CHS, AAU. All the animals’
procedures were performed in accordance with the standard guidelines for care and use of

laboratory animals.

4.15. Statistical analysis

All statistical analyses were performed using SPSS (version 21 for Windows, SPSS, IBM, and
Chicago, IL, USA).The results were expressed as mean + standard deviation (M £SD) for each
group. Statistical differences between the cancer group (G-I1I) with the remaining five groups (G-
I, 1, IV, V, VI) and also G-VI compared with G-1 were analyzed by one-way analysis of
variance (ANOVA) followed by the Tukey post hoc test. Statistical significance was accepted
when P<0.001, P<0.01 and P<0.05.The relationship between variables was examined with

Pearson’s correlation test at P<0.01.
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5. RESULT
5.1. The percentage yield of Hydroethanolic extract of C.longa rhizome (HEECLR)

The 5000gram of C.longa powder yields1200 gram of crude extract. The percentage yield of
extract was given as:

120

09 100 = 24%
00g

HEECLR
FIR@) __, 100=
Turmeric powder (g) 50

HEECLR yield % =

Therefore, the percentage yield of HEECLR was 24%.
5.2. Qualitative phytochemicals screening testof HEECLR

The phytochemical screening of HEECLR extract showed the presence of the following
secondary metabolites as indicated in (Table 2).

Table 2: Qualitative phytochemicals screening test of HEECLR

Phytochemical HEECLR
Saponins +
Tannins +
Flavonoids +
Alkaloids +
Phenols +
Steroids +




5.3 DPPH Assay for testing Antioxidant Activity of HEECLR

5.3.1. Qualitative assay for detection of the presence of anti-oxidant activity of HEECLR by
TLC plate

Figure 13- shows qualitative assay for detection of the presence of anti-oxidant activity of
HEECLR by TLC. The result indicated that antioxidant activity (zone of inhibition) increases
when the concentration of extract increases. This showed that the zone of inhibition is directly

proportional to the concentration of extract in the strong oxidizing agent of the DPPH methanol

solution.
Control 250mg/100mL 500mg/100mL 1000mg/100mL

Figure 2: Qualitative assay for detection of the presence of anti-oxidant activity of HEECLR by
TLC plate

5.3.2. Quantitative assay for the anti-oxidant property of HEECLR by using UV-Visible
spectrometer

Figurel4 indicates a quantitative assay for the anti-oxidant property of HEECLR by using a UV-
Visible spectrometer. The 1Cso of HEECLR was found to bel66.4pg/mL and the Ascorbic acid
was 97.06pg/mL. The result showed that the HEECLR has anti-oxidant activity.
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Figure 15: Percentage inhibition of ascorbic acid and extract at different concentration
5.4. Acute oral toxicity study

The animals in both doses (2000 and 5000) mg/kg did not display the change in behavior
(tremors, salivation, and coma), skin effects like hair loss, breathing, and impairment in food
intake and water consumption, postural abnormalities. No toxic symptoms or mortality was
observed in rats. The result suggests that the extract has a medial lethal dose (LDso) of greater
than 5000mg/kg.

5.5. Death of rats per group
Data on Table 3 shows the death of rats during 8 weeks treatment period of the extract. It was
seen in all the groups except the control group (G-I). Hence, we selected uniformly six rats for

each group for sample analysis.

Table 3: Mortality of rats per groups

Group Number of rats per groups Death of rats per group
(G)No.

G-l 10 rats -

G-l 10 rats 4 rats

G-l 10 rats 3 rats

G-IV 10 rats 1 rat

G-V 10 rats 2 rats

G-VI 10 rats 2 rats
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5.6. Effect of HEECLR on Hematological profile
5.6.1. Effect of HEECLR on white blood cells and its differentials

The total number of white blood cell, neutrophil, and monocyte number were found to be
increased significantly (p<0.01) in cancer group (Group II), whereas HEECLR treatment bring
down the elevated WBC, neutrophil and monocyte number in dose-dependent manner (250
mg/kg, 500 mg/kg, and 1000mg/kg). The lymphocyte number was observed to be decreased
significantly (p<0.01) in the cancer group (Group Il). It was significantly (p<0.01)elevated in
doses (250, 500 & 1000)mg/kg of extract treated groups (Group IlI-V respectively).No
significant difference was seen on WBC, neutrophil and monocyte number in HEECLR along
with DMH administer group (Co-treatment group-VI) compared with the normal control group
(G-1). There is a significant (p<0.01) difference in lymphocyte count between G-VI and G-II.
Summarized results for effects of HEECLR on the total number of white blood cells, neutrophil,

lymphocyte, and monocyte are shown in Table 4 expressed as M +SD.

Table 4: Effect of HEECLR on the total number of white blood cells, neutrophil, lymphocyte,

and monocyte.
Results (M +£SD)

Group (G) WBC Neutrophil Lymphocyte Monocyte

No. (103/uL) (103/uL) (103/uL) (10%/uL)
G-I 7.67 £0.16™P 4.68 £ 0.2™"P 2.59 +0.09™"b 0.24+0.027™"b
G-Il 16.26 £ 0.37""2 14.29 £ 0.38™"2 1.36 £0.038™"2 0.45+0.033""2
G-I 12,55+ 1.13"* 9.8 +0.95™"P 2.21 £0.21™*b 0.38+0.025™"b
G-IV 9.16 + 0.59™"P 6.51+0.71""P 2.22+0.14™ 0.27+0.021™"b
G-V 9.86 +0.26™"P 7.06 +0.35™*P 2.26 +£0.18™"P 0.38+0.02™*P
G-ViI 8.64 £ 0.67°¢ 6.02 +0.62 d 2.17 £ 0.097™"b 0.3+0.05°¢

a**-mean difference is significant compared with Group- | at P. value <0.01
b**-mean difference is significant compared with Group- Il at P. value < 0.01
¢ -no significant mean difference compared with Group- | at P. value < 0.01

d-no significant mean difference compared with Group- | at P. value < 0.001
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5.6.2. Effect of HEECLR on Redblood cell and its indices

No statistically significant difference was noticed in the levels of MCV, MCH & MCHC
between the groups. In the cancer group (Group
significantly  (p<0.001) decreased while RDW-SD and RDW-CV increased significantly
(p<0.001). The dose of 500mg and 1000mg/kg HEECLR (Group IV and V)restore RBC,
hemoglobin,
difference but no statically significant difference was observed in RBC, Hgb, Hct, RDW-SD, and
RDW-CV in 250mg/kg dose of HEECLR treated group (Group-lI1).No Significant (p<0.05)
difference was seen in RBC, hemoglobin, hematocrit, MCV, MCH, MCHC, RDW-SD, and

RDW-CV between the co-treatment group (Group-VI) and Group-I.

1) RBC, hemoglobin, and hematocrit

and hematocrit significantly (p<0.001).However, we found the only numerical

Table 5: Effect of HEECLR on RBC, Hgb, Hct, MCV, MCH, MCHC, RDW-SD and RDW-CV

Results (M +SD)

Group (G) No.

G G-l G-I G-IV GV G-VI
RBC 9.32t0.00°  7.313058°  7.322054  9.03x043°  0.16:0.15°  8.89+0.497
(108/pL)

Hgb 17.35:0.30" 13.74+0.89 14.12+1.75 16.61+0.74™ 17.08+0.58™  16.73+0.49¢
(9/dL)

Hct(%) — 50.02+2.34™ 41.76x1.84" 41914538 49.99+2.52 49.83+2.54 49 01+1 549
MCV(f)  53.69+291 5871255  57.8845.38 55384260  54.2542.77  5519+2.20¢
MCH (pg) 1848055 19.45:0.89  18.61+0.78 18.47+0.64  18.49+0.70  18.83+0.61
MCHC  34.32+#1.12 33.22+#048  33.26:0.91 3352+1.00 33.89+0.76  33.76:0.64¢
(g/dL)

RDW-CV  20.93+0.71"" 26.31#2.41" 19.58+1.79 20.46+1.15® 19.95+1.04  22.03+2.50¢
(%0)

RDW-SD  32.25+1.32" 44.18+4.3%  35.91+4.26 32.23+1.48 31.31+127"%  33.38+1.83¢
(fL)

a*- mean difference is significant compared with Group- | at P. value < 0.001

b*- mean difference is significant compared with Group- Il at P. value <0.001

d - no significant mean difference compared with Group- | at P. value < 0.05



5.6.3. Effect of HEECLR on platelet indices

In the cancer group (Group II), the platelet and Plateletcrit (PCT) levels were significantly
reduced (p<0.001). Administration of extract in a dose of 500 mg/kg (Group-1V) and 1000mg/kg
(Group-V) raise platelet and PCT significantly (p<0.001). There is no statistical (P<0.05)
difference was appreciated in platelet and PCT when Co-treatment group (Group VI) compared
with G-1. However, no statistically significant (p<0.001) change was seen in platelet and PCT in
low dose extract administered group (Group-Ill). There was no statistically significant difference
in levels of platelet distribution width (PDW) and mean platelet volume (MPV) between all

groups.

Table 6: Effect of HEECLR on platelet and platelet indices

Results(M+SD)
Sg?“p ©) =57 PCT PDW MPV
103/l (%) (fL) (fL)

Gl 7293t 21277 0.5620.04° _ 8.81%0.24 7.9320.21
G-I 408.33+25.42"%  0.35+0.03%  9.13+0.71 7.9040.30
G-Il 506.5+82.76 0464005  7.81+0.79 7.43+0.42
G-V 6416445420 0.6+0.035>  8.26+0.33 7.7040.28
G-V 730.8457.61" 0584005  8.5+0.32 7.45+0.20
G-VI 612+75.52¢ 049+0.06°  7.69+0.44¢  7.61+0.25¢

a*- mean difference is significant compared with Group- | at P. value < 0.001

b*- mean difference is significant compared with Group- Il at P. value < 0.001

d - no significant mean difference compared with Group- | at P. value < 0.05

5.6.4. Effect of HEECLR on NLR, LMR, LHR, NHR, MHR, PLR

In the cancer group (Group II)NLR, NHR and MHR were elevated significantly
(p<0.001).Where different doses of extract (250, 500 & 1000)mg/kg (Group 1l1-V respectively)
administered groups significantly (p<0.001) restore NLR, LMR, LHR, NHR and MHR.A
significant difference of NLR, LMR, LHR, NHR, MHR, PLR also observed in Group VI. No

statistically significant change seen in PLR between all groups.
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Table 7: Effect of HEECLR on NLR, LMR, LHR, NHR, MHR, PLR

Results (M £SD)
. Group (G) No.
Ratio PG

(R) G-l G-l G-111 G-IV G-V G-VI

NLR  1.8+0.138™P 10.52+0.138™2 4.43+0.27°b 2.95+0.47°b 3.14+0.38"b  2.78+0.29"P

LMR  10.67+1.51"P 3.02+0.29"2 5.74+0.70™P 8.07+0.79"b 5.97+0.84°P 7.43+1.417P
LHR  0.15+0.007°P 0.009+0.007*@ 0.16+0.117b 0.134+0.012"°  0.132+0.012°P  0.13+0.006"P

NHR  0.27+0.014*P 1.04+0.052*2 0.69+0.05"P 0.39+0.036™®  0.41+0.024"P  0.27+0.0147°
MHR  0.014+0.0015"P  0.032+0.003"@  0.027+0.005"®  0.017+0.001*P  0.022+0.001"® 0.017+0.003"P

PLR  280.91+10.46 300.41+19.99 228.74+28.31 289.23+21.8 325.34+48.08  282.37+35.94

a*- mean difference is significant compared with Group- | at P. value < 0.001
b*- mean difference is significant compared with Group- Il at P. value < 0.001
5.7. Effect of HEECLR on liver enzymes

Activities of AST, ALT, and ALP in the serum were increased significantly (P<0.001) in the
cancer group (Group-Il). In rats treated with different doses of HEECLR (250mg/kg, 500mg/kg
& 1000mg/kg) (Group IHI-V respectively), the AST, ALT and ALP levels were found to be
significantly (P<0.001) decreased. ~No Significant (P<0.05) difference in liver enzymes level

was when the co-treatment group (Group-VI) compared with G-I.
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Table 8: Effect of C.longa extract on liver enzymes

Results (M £SD)

Group (G) No.  ALT ALP AST

U/L U/L U/L
G-l 74.33+5.36™ 223.75+17.29" 145.1+10.34*
G-l 188.83+17.93" 453.28+46.91* 232+24*
G-111 131.53+14.04* 338.28+25.47" 176.3+12.12*
G-VI 107.945.8" 247.8+15.28" 167.8+9.98
Gr-v 79.96+6.89™ 214.48+17.37" 158.83+11.95"
G-VI 91.06+7.12¢ 242.06+17.13¢ 156.33+19.62¢

a*- mean difference is significant compared with Group- | at P. value < 0.001

b*- mean difference is significant compared with Group- Il at P. value < 0.001

d - no significant mean difference compared with Group- | at P. value < 0.05

5.8. Effect of HEECLR on Triacylglycerol (TAG)

Figure 15 revealed a significant (P<0.001) TAG level increased in the cancer group (Group-II).
Different doses of HEECLR treated groups (250, 500 and 1000mg/kg) were found to be
significantly (P<0.001) decreased TAG level. No significant (P<0.05) difference on TAG level
between Co-treatment (Group-VI) and Group -I.

|||||

nnnnn

menn TAG (med) 250

a*- mean difference is significant
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compared with Group- | at P. value < 0.001

b*- mean difference is significant compared with Group- Il at P. value < 0.001

d - no significant mean difference compared with Group- | at P. value < 0.05

Figure 36: Effect of HEECLR on TAG
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5.9. Histopathological observation of colon in DMH-induced versus treated with HEECLR

All rats (6 rats) colon histological examination in the control group (G-1) shows normal colon
showing full-thickness epithelium (mucosa, muscularis mucosa, submucosa, and muscularis
propria) (figure 17-a) colonic mucosa revealing tubule-villous architecture with numerous goblet
cells (figure 17- b). In cancer group (G-IlI) adenocarcinoma was observed in one rat with
histological appearance of colonic carcinoma: well-differentiated adenocarcinoma with well-
formed irregular glands lined by elongated, hyperchromatic nuclei and infiltrating the submucosa
and necrotic debris, present in the gland lumen is typical (figurel7-e). The remaining five rat’s
colon show adenocarcinoma with metastasis to the liver with histological appearance of colonic
mucosa lined by dysplastic epithelium with malignant back to back glands in the lamina propria
(figurel7-f). In HEECLR 250 mg/kg treated group (G-I1II) adenocarcinoma were observed in 3
rats and adenocarcinoma with metastasis to the liver also seen on the remaining 3 rats. The
histological examination description is similar to the above for both results. Adenocarcinoma
(without metastasis) also seen in 500mg (6 rats) and 1000 mg/kg (5 rats) HEECLR treated the
group with the same histological description in G-1I. In one rat colon tubular adenoma seen with
a histological observation of variably sized hyperplastic tubular glands lined by cytological
atypical nuclei. Crypt dilation and rupture have seen near the basement membrane (figure 17-d).
In DMH along with HEECLR or Co-treatment group (G-VI) chronic colitis or chronic
inflammation with histological examination of colonic mucosa with transmural mononuclear

inflammatory infiltrates mainly lymphocyte and plasma cells (figure 17-c).
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Table 9: Histopathological examination result of colon

Histopathological examination result of colon

Normal Chronic Tubular Adenocarcinoma  Adenocarcinoma  Total

Group colitis adenoma With liver No. of
(G) No. metastasis rats
No. of rats per groups
G-I 6 - - - - 6
G-l - - - 1 5 6
G-l - - - 3 3 6
G-IV - - - 6 - 6
G-V - - 1 5 - 6
G-VI - 6 - - - 6

Total
No. of 6 6 1 15 8 36
rats

Figure 17: Macroscopic observation of colon:- (a) normal colon; (c-d) colon with visible mass
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Figure 4: Photomicrographs  showing hematoxylin and eosin-stained colon histopathological
sections:- (a) control rat: normal colon structure(10x); (b) normal colon structure (40X); (c)
chronic inflammation with lymphocyte infiltration (10X); (d) tubular adenoma (10X); (e)
Adenocarcinoma(10X); (f) Adenocarcinoma with metastasis
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5.10. Effects of HEECLR on Gross hepatic manifestation

The liver of the control group (G-I), cancer+ 500 mg/kg HEECLR (G-1V), Cancer + 1000 mg/kg
(G-V) and Co-treatment group (G-VI) was normal with the smooth and red-brown surface. Fatty

liver was seen in the cancer group (G-Il) with the yellow-red color surface. The mass formation

also was seen in the cancer group (G-II).

Figure 5: Macroscopic observation of liver- (a) Normal liver; (b) fatty liver; (c)liver with

visible mass.

5.11. Histopathological observation of liver in DMH-induced versus treated with HEECLR
As shown in table 10; control group (G-1), cancer + 500mg/kg HEECLR (G-1V), cancer +
1000mg/kg HEECLR (G-V), and Co-treatment group (G-VI) histological examination of liver
reveals normal hepatocyte cell (polygonal cells) with abundant eosinophilic cytoplasm having
centrally located nucleus with prominent nucleoli (figure 19-a). Fatty liver was also seen in
cancer group (G-11) and cancer + 250 mg/kg HEECLR (G-I1Il) with histological appearance of a
mix of small and large fat droplets (seen as clear vacuoles) is most prominent around the central
vein (figure 19-b & c). Secondary metastasis adenocarcinoma was seen in G-Il and G-Il with
the appearance of secondary infiltrate adenocarcinoma; well-formed malignant glands infiltrate

the liver eliciting a desmoplastic stromal reaction (Figure 19-e).
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Table 10: Histopathological examination result of liver

The histopathological examination result of liver

Group Normal Fatty liver Secondary metastasis Total no. of
No. adenocarcinoma rats
No. of rats per groups
G-l 6 - - 6
G-l - 1 5 6
G-I111 - 3 3 6
G-IV 6 - - 6
G-V 6 - - 6
G-VI 6 - - 6
Totalno.ofrats 24 4 8 36

v >

Figure 20: Photomicrographs showing H and E stained liver histopathological sections :-

(@) normal liver; (b) focal fatty change;(c) extensive fatty change;(d) secondary adenocarcinoma
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5.12. Correlation between triacylglycerol leveland liver enzymes; hematological

parameters

Serum triacylglycerol level was positively correlated with ALT (r = 0.851, P< 0.01), ALP (r =
0.857, P< 0.01), AST (r = 0.72, P< 0.01), and total WBC (r = 0.835, P< 0.01) and neutrophil (r =
0.781, P< 0.01). Negative correlation was observed between triacylglycerol and lymphocyte (r =
-0.695, P< 0.01); RBC (r = -0.711, P< 0.01), hemoglobin (r = -0.699, P < 0.01) and platelet (r = -
0.814, P < 0.01).

Table 11: Pearson’s analysis of correlation of triacylglycerol with WBC, Neutrophil,
Lymphocyte, RBC, Hgb, Platelet, ALT, ALP, AST (p<0.01)

Parameters Pearson (r) P (two tail)
WBC 0.835 0.000
Neutrophil 0.781 0.000
Lymphocyte -0.695 0.000
RBC -0.711 0.000
Hgb -0.699 0.000
Platelet -0.814 0.000
ALT 0.851 0.000
ALP 0.857 0.000
AST 0.72 0.000

r - Pearson correlation coefficient

5.13. Correlation between hemoglobin and liver enzymes; WBC, neutrophil, lymphocyte,

monocyte, platelet

Hemoglobin was positively correlated with platelet (r = 0.796, P< 0.01) and neutrophil (r = -
0.736, P< 0.01). Negative correlation was observed between hemoglobin and WBC (r = -0.741,
P< 0.01); Lymphocyte (r = 0.668, P < 0.01), Monocyte (r = -0.63, P < 0.01); ALT (r =-0.761, P
<0.01); ALP (r =-0.766, P<0.01) and AST (r=- 0.661, P<0.01).
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Table 12: Pearson’s analysis of correlation of Hemoglobin with liver enzymes; WBC,
Neutrophil, Lymphocyte, Monocyte, Platelet (p<0.01)

Parameters Pearson (r) P (two tail)
WBC -0.741 0.000
Neutrophil -0.736 0.000
Lymphocyte 0.668 0.000
Monocyte -0.63 0.000
Platelet 0.796 0.000
ALT -0.761 0.000
ALP -0.766 0.000
AST -0.661 0.000

r- Pearson correlation coefficient
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6. DISCUSSION

CRC is ranked as the fourth most lethal and commonly diagnosed cancer in the world according
to the National Cancer Institute’s latest report. Prolonged chronic inflammation is known to high
risks of developing CRC. Oxidative stress due to ROS is an important trigger for cancer.
Potential antioxidant compounds especially derivatives of medicinal plants have received great
attention in the current research trend for CRC treatment. C.longa is a known medicinal plant
used as medical treatments for various types of chronic iliness including CRC. Its effect on
health is generally centered upon secondary metabolites especially an orange-yellow colored,
lipophilic polyphenol substance called “curcumin,” which is acquired from the rhizomes of the
herb. Curcumin is known to have antioxidant, anti-inflammatory, chemo-preventive, and

hepatoprotective effects.

The phytochemical screening of HEECLR shows that the presence of saponins, tannins,
flavonoids, alkaloids, phenols, and steroids. These results were supported by many previous
research (Saxena and Sahu, 2012; Rajesh et al., 2013; Pawar et al., 2015). Saponins have many
medicinal uses including anti-tumor, hepatoprotective, and anti-inflammatory activities
(Moghimipour and Handali, 2015). Plants saponins can reduce the risk of colorectal cancer.
Saponins could inhibit colorectal cancer cell proliferation and induce apoptosis. Tannins have
been observed to have remarkable activity in cancer prevention. The anti-inflammatory effects of
tannins help control irritating bowel disorders (Kim et al., 2008). Flavonoids are water-soluble
antioxidants. They scavenge hydroxyl radicals, superoxide anions and lipid peroxy radicals
which prevent oxidative cell damage followed by the prevent cancer (Rahman, 2007; Lobo et al.,
2010).

In this study ICso of the extract was 166.4 pg/mL. DPPH scavenging activity also appeared to
depend on the phenolic concentration. Components such as phenolics, flavonoids, and tannins,
identified from these plants might be responsible for their antioxidant activity (Sathyanarayanan
et al., 2018). Radical scavenging activity is also known to be related to the nature of phenolics

contributing to their electron transfer/nydrogen donating ability (Loganayaki et al., 2013).

In the present study, we found an alteration in the hematological parameters of rats was seen.
The total white blood cell count was increased in the cancer group (G-I1). Probable mechanisms

between colon cancer and inflammation may be due to the presence of leukocytes in case cancer
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may be interpreted as an aborted attempt of the immune system to reject the tumor. However, the
increment of leukocyte indicates that leukocyte infiltration can promote tumor phenotypes, such
as angiogenesis, growth, and invasion. This may be due to inflammatory cells that can influence
cancer promotion by secreting cytokines, growth factors, chemokines, and proteases, which
stimulate proliferation and invasiveness of cancer cells. Furthermore, leukocyte brings much of
the cyclooxygenase-2 (COX-2) (Eir6 and Vizoso, 2012). COX-2 may be linked to the
pathogenesis of colon cancer. COX-2 protein is over-expressed and prostaglandin E2 levels are
elevated in the portal vein and colonic mucosa in colorectal cancer (Lee et al., 2006). COX-2
promotes angiogenesis by enhancing the production of the vascular endothelial growth factor
(Gately and Li, 2004).

The neutrophils count was increased in the cancer group (G-II). Neutrophils are the most
abundant leukocytes in the blood and are considered to be the first line of defense during
inflammation and infections. The role of neutrophils has been described in various cancer types,
including colorectal cancer (Ho et al., 2014). In addition, neutrophils are also found infiltrating
many types of tumors. Tumor-associated neutrophils (TANs) have relevant roles in malignant
disease. Indeed, neutrophils may be potent antitumor effector cells. However, increasing clinical
evidence shows TANSs correlate with poor prognosis. In many patients with advanced cancer,
elevated counts of neutrophils in the blood are found. How tumors induce neutrophilia is
uncertain, but the production of granulocyte-macrophage colony-stimulating factor (GM-CSF) is
a possible mechanism in several types of cancer (Mc-Gary et al., 1995). In addition, other
cytokines such as granulocyte colony-stimulating factor (G-CSF), interleukin- (IL-) 1, and IL-6
produced by tumors seem to contribute to elevated neutrophil numbers in blood (Lechner et al.,
2010).The tumor microenvironment controls neutrophil recruitment and in turn TANS help tumor
progression (Uribe-Querol and Rosales, 2015). Moreover, infiltrated neutrophils recruit to tumor
foci to secret various forms of cytokines including CSF and neutrophil elastase (NE) (Wu et al.,
2011). CSF contributing to enhancing the tumor progression and responsible for the increase of
neutrophils (Wu et al., 2011). NE is a protease that can cause damage and then generate
favorable environments for carcinogens tumor progression. Furthermore, NE can enzymatically
degrade insulin receptor substrate-1 (IRS-1) and then increase the interactions of
phosphatidylinositol 3-kinase (PI3K) and the potent mitogen platelet-derived growth factor
receptor (PDGF), triggering to tumor cell proliferation (Houghton et al., 2010).
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Apart from that neutrophils can release ROS this results in a DNA base damages (Cadet and
Wagner, 2013), as well as mutations (Cooke et al., 2003), which are essential for cancer
initiation, cell proliferation, cancer-favored inflammation, immune suppression (Uribe-Querol
and Rosales, 2015).

The lymphocyte count was reduced in the cancer group (G-II). The possible mechanism for the
depletion of lymphocytes count could be migration and infiltration of lymphocyte to cancer
tissue (Cohen and Blasberg, 2017) and also cancer cells have immunosuppressive mechanisms to
avoid T-cell responses (Rabinovich et al., 2007). Low absolute lymphocyte count (LC), has been
associated with inferior outcomes in various cancers, including colorectal cancer (Liang et al.,
2016).

The monocyte count was increased in the cancer group (G-11). Chemokines which are produced
by cancer cells, promote the recrutment of peripheral monocytes to the cancer
microenvironment, thereby promoting the recruitment of monocytes from the bone marrow to
peripheral blood (Shibutani et al., 2017). They are important to tumor tissue and can differentiate
into tumor-associated macrophages and their pro-tumor function is supporting tumor initiation,
local progression, and distant metastasis (Richards et al., 2013). Hypoxic areas of cancer cells
release a high number of chemo-attractants that enhance macrophage migration to these hypoxic
sites. Hypoxia also imprisons macrophages by decreasing their mobility; this terminates the
macrophage response to chemo-attractants outside the hypoxic areas (Chanmee et al., 2014).
Besides tumor-associated macrophages, circulating monocytes have a role in suppressing

adaptive immunity and promoting angiogenesis, invasion, and migration (Williams et al., 2016).

The administration of HEECLR in different doses (250, 500 and1000) mg/kg (G-1lI, G-1V, and
G-V respectively) restored the alteration of white blood cells and its differentials (neutrophil,
lymphocyte, and monocyte). The possible reason for this effect may be due to the anti-
inflammatory and immune-stimulatory activities of C.longa (Chandrasekaran et al., 2013). The
anti-inflammatory property of C. longa is due to the presence of curcuminoids (Bagad et al.,
2013). Curcumin has inhibited the tumor immunity via inhibition of the expression of
indoleamine-2,3-dioxygenase (suppress the function of anti-tumor T cells) and also inhibit COX,
PGE2 production, which exerts potent immunosuppressive effects in the tumor

microenvironment (Basnet and Skalko-Basnet, 2011). Curcumin can down-regulate the activity

S7



of COX-2, lipoxygenase, and inducible nitric oxide synthase (INOS) enzymes; inhibit the
production of the inflammatory cytokines TNF-o, IL, and monocyte chemoattractant protein
(MCP) (Bagad et al., 2013).

The reduction of neutrophil count in HEECLR administered rat may be due to the presence of
curcumin. Curcumin was previously reported to accelerate neutrophil apoptosis by increasing the
cell surface expression of annexin-V and CD16 shedding (Antoine and Girard, 2013). Curcumin
can interfere with neutrophil responses to various physiological stimuli and a part of its anti-
inflammatory action is mediated via inhibition of neutrophil function in the cancer -cells.
Inhibition of neutrophil function by curcumin appears to be mediated via calcium-dependent
mechanisms (Srivastava, 1989). Curcumin reduces neutrophil recruitment to the inflammatory
sites by affecting chemokine gradient formation as well as by the direct effect of the compound

on neutrophil polarization, chemotaxis, and chemo-kinesis (Larmonier et al., 2011).

In our study, HEECLR administration restored the lymphocyte count. Churchill et al. indicate
that curcumin can augment tumor eradication by restoring T-cell responses (Churchill et al.,
2000). Bhattacharyya et al showed the enhancement of the antitumor immune response of T cells
in tumor-bearing hosts by the administration of curcumin (Bhattacharyya et al., 2010). This

result was also supported by another study (Tuyaerts et al., 2018).

Our result also showed the reduction of monocyte in HEECLR administered rats. Curcumin
could prevent production of interleukin-8 (IL-8), monocyte inflammatory protein-1 (MIP-1a),
monocyte chemotactic protein-1 (MCP-1), IL-1B, tumor necrosis factor-a (TNF-a), or
lipopolysaccharide (LPS)-stimulated monocytes and macrophages (Tuorkey, 2014) which are

important for production, migration and infiltration of monocytes/macrophages.

The red blood cell count, hemoglobin, and hematocrit were reduced in the cancer group (G-II).
This finding may be TNF-a inhibits hemoglobin production by down-regulation of GATA-1
(essential transcription factors in gene regulation during hematopoietic differentiation (Dicato et
al., 2010; Moriguchi et al., 2010). TNF a has an inhibiting effect on erythroid differentiation and
a decrease in hemoglobin synthesis by up-regulating transcription factors NF-kB and GATA-2
(Morceau et al., 2009). NF-kB canonical pathway (p50/p65) inhibits the expression of globin
genes. During inflammation, 1L-6 induces the liver to produce hepcidin. Hepcidin decreases iron

absorption from the bowel and blocks iron utilization in the bone marrow (Dicato et al., 2010).
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And also, cancer systemic iron availability is decreased through its sequestration within the
macrophage. Tumor-associated macrophages (TAM) adopt the systemic circulated iron and

donate iron to the tumor microenvironment (Jung et al., 2019).

Moreover, elevated levels of reactive oxygen species (ROS) will attack erythrocytes lead to
hemolysis and result in the reduction of hematocrit, hemoglobin & RBC (Mohanty et al., 2014).

RBC, hemoglobin, and hematocrit increased in 500 mg /kg and 1000 mg/kg dose of HEECLR
treated rats. The study done by Aggarwal et al suggests that curcumin has the ability to inhibit
the production and the action of TNF-a (Aggarwal et al., 2013). Kim et al and Jin et al showed
that C.longa has an anti-inflammatory effect via inhibition of NF-«xB and IL-6 (Jin et al., 2007,
Kim et al., 2012) and also Laine et al reported that Curcuma decreases serum hepcidin levels in
humans (Laine et al., 2017).

Platelet and plateletcrit values significantly decrease in the cancer group (G-I1I). In contrast, most
of the studies done by the previous researcher found that PC and PCT levels were higher in CRC
patients (Plantureux et al., 2018; Zhu et al., 2018). The reason for the reduction of platelet count
may be cancer cells induce and releasing of pro-metastatic platelet-derived microparticles which

induce platelet aggregation (Jurasz et al., 2004).

Administration of HEECLR in doses of 500 mg/kg and 1000 mg/kg increases the PC and PCT.
This finding is supported by Hussain the study in aged rats shows curcumin administration
caused an increase in platelet count (Hussain, 2015) and also for rats were treated by ar-
turmerone (Curcuma rhizome derived component) inhibiting platelet aggregation, resulting in
elevated levels of PC and PCT (Lee, 2006).

Neutrophil to Lymphocyte ratio (NLR) was increased in the cancer group (G-II). Most
researchers found that prognostic and predictive role of neutrophil/lymphocytes ratio in
metastatic colorectal cancer (Walsh et al., 2005; Leitch et al., 2007; Ozdemir et al., 2014;
DellAquila et al., 2018). The elevated level of NLR potential prognostic marker for

inflammation in CRC.

In this study ALP, ALT, and AST elevated in the cancer group (G-II). These findings supported
by the previous studies (Sharma and Sharma, 2011; Kawatra et al., 2015; Sisein et al., 2016).

DMH damage plasma membranes of hepatic tissue, alter in detoxifying enzymes / anti-oxidant
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system of the liver by influencing the hepatic GSH redox system (Anilakumar et al., 2010;
Sharma and Sharma, 2011). This is tangible evidence for exposure for DMH coupled with slow
down the detoxification enzymes in the liver result in increasing cancer incidents.

HEECLR reduced the elevated level of ALT, ALP, and AST. The different kinds of researcher
C.longa have the ability to protect the liver from different hepatotoxic compounds (Al-Rubaei et
al., 2014; Lee et al.,, 2016; Mansour-Ghanaei et al., 2019). The hepatoprotective capacity of
C.longa by restoring hepatic GSH and hepatic GSH/GSS ratios result suppress oxidative stress
(Lee et al., 2016). Curcumin may have the ability to boost detoxification and prevent liver
damage (Al-Rubaei et al., 2014).

Cancer group rats were found that fatty infiltration. The rats were treated by (500 and 1000)
mg/kg HEECLR found that normal liver. Curcumin might amend hepatic steatosis and block
fatty liver disease progression through inhibiting fatty acids synthesis and biosynthesis of
unsaturated fatty acids such as stearic acid, oleic acid and linoleic acid (Egashira et al., 2012). It
can improve mitochondrial activity, facilitate [-oxidation and decrease lipogenesis (Ferramosca
et al., 2017). In addition, oxidative stress and immune system disorder play important roles in the
contribution of liver dysfunction such as NAFLD (Inzaugarat et al., 2017). In this case, curcumin
can improve anti-oxidant system and prevent NAFLD by decreasing the production of reactive
oxygen species, the hepatic protein expression of oxidative stress, pro-inflammatory cytokines,

and chemokines (Salomone et al., 2016; Ferramosca et al., 2017).

Our finding reveals that serum triacylglycerol levels significantly elevated in the cancer group
(G-11). Coppola and his colleagues show the association between triglyceride and colorectal
cancer (Coppola et al., 2015). The study done by (Zhang et al., 2014) abnormally altered levels
of lipids including serum triacylglycerol in the serum of patients with colorectal cancer may be
correlated with the occurrence and development of colorectal cancer. Moreover, Ulmer et al
suggest that serum triacylglycerol concentrations pathogenesis of several cancers, the result of
insulin  resistance and increased circulating insulin/insulin-like growth factor-1 in CRC
(Giovannucci, 2007; Ulmer et al., 2009).

HEECLR reduced the serum triglyceride level. Our finding supported by the different

researchers with different protocols shows the reduction of TAG by C.longa (Mohammadi et al.,
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2013; Yang et al., 2014; Qin et al., 2017). C.longa has the ability boosting lipid metabolism via
activating on PPAR-a and PPAR-y (Sahebkar, 2014a; Sahebkar, 2014b; Sahebkar, 2014c).

Most of the rats with CRC shows metastasis to the liver. The previous researchers found that
high metastatic tumor cells in the colon of nude mice have been shown to result in the rapid and
efficient formation of metastases to the liver (100%) (Fu et al., 1992; Furukawa et al., 1993;
Rashidi et al., 2000). However, the administration of 500 mg/kg and 1000 mg/kg dose HEECLR
totally prevent the metastasis. The previous studies reported that curcumin has the ability to
prevent metastasis in different cancer (Kuttan et al., 2007; Bandyopadhyay, 2014;Bachmeier et
al., 2018). Cortactin (cortical actin binding protein or CTTN, a monomeric protein located in the
cytoplasm of cells), encoded by the CTTN/EMS1 gene, is a v-Src substrate localized with
cortical actin at the plasma membrane and is up-regulated in several types of cancer (Wu et al.,
1991). The phosphorylated form of cortactin (pTyr421) plays a major role in cancer cell
migration and invasion. It was shown that pTyr421-cortactin was up-regulated in colon cancer.
Curcumin interacted with PTPN1 tyrosine phosphatases to rise its efficacy leading to the
dephosphorylation of pTyrd21-CTTN. Curcumin considerably reduced the pTyr421-CTTN in
colon cancer cells. Altogether, Curcumin modulated the activity of PTPN1 phosphatase to reduce
cortactin phosphorylation and interaction with CTNND1, and finally to reduce colon cancer cell
migration (Radhakrishnan et al., 2014). The other possible mechanism may be curcumin
significantly inhibits colon cancer cell growth (Johnson et al., 2009). Previous studies have
revealed that NF-kB activation is critical for the proliferation, survival and metastasis of colon
cancer cells (Chen et al., 1999; Plummer et al., 1999; Johnson et al., 2009) therefore, inhibition
of NF-kB activation is a potential antitumor strategy. Curcumin dose-dependently suppresses
constitutive NF-kB activation in colon cancer cells which demonstrate that curcumin is a potent
inhibitor of NF-kB activation (Singh and Aggarwal, 1995; Kumar et al., 1998). According to Li
and his colleague's study C.longa extract treatment could suppress colon tumor growth and
inhibited liver or lung metastasis. Curcumin has been shown to inhibit cell growth and metastasis
through suppression of STAT3, FAK, cofilin, Erk and Akt pathways (Li et al., 2018).

Evaluation of HEECLR on the chemo-preventive effect of colorectal cancer induced by DMH
was examined and the result shows that normal CBC, normal liver enzymes with chronic colitis.
The result indicates that healthy liver prevents the development of CRC in rats. DMH itself is not
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a carcinogen, it is metabolically activated into DNA reactive metabolites by phase | and phase II

xenobiotic enzymes in order to exert lipid peroxidation and tumorigenic activity (Qi et al., 2015).

The phase Il enzymes, including glutathione S-transferase (GST) and DT-diaphorase (DTD)
which facilitate detoxification and excretion of the carcinogen from the colonic lumen. detoxify
the electrophilic intermediates(Sheweita and Tilmisany, 2003; Senapathy et al., 2011). The
increased levels of phase Il enzymes are beneficial for chemoprotection or chemo-preventive
against carcinogens. Thangaraj et al. findings showed a significant decrease in the phase Il
enzyme activities in the liver and colon of DMH induced cancer rats, which could be due to the
utilization of more detoxifying enzymes to counteract DMH induced neoplastic transformation
(Thangaraj et al., 2018).

Curcumin also exerts a cytoprotective effect on non-cancer cells through the transcriptional
induction of phase Il enzymes. This latter effect may be critical to its chemopreventive activity
(Hatcher et al., 2008). Curcumin has been shown to elevate activities of phase Il enzymes such
as glutathione transferases (Susan and Rao, 1992), NAD(P)H:quinone reductase (QR) (Dinkova-
Kostova and Talalay, 1999), and heme oxygenase (Balogun et al., 2003; Scapagnini et al., 2006),
while inhibiting pro-carcinogen activating phase | enzymes, such as cytochrome P4501A1
(Ciolino et al., 1998). The study done by Patel et al explains in Vitro chemo-preventive actions
of curcumin on the inhibition of cell proliferation, Pro-apoptotic property, inhibition of
angiogenesis, Inhibition of carcinogenesis, and Inhibition of COX-2 (Patel et al., 2010). The
other study done by Rao et al showed curcumin has been tested as a chemo-preventive agent
against azoxymethane (AOM)-induced colon carcinogenesis in preclinical models, and dietary
administration of curcumin inhibits the formation of aberrant crypt foci (ACF), putative pre-

neoplastic lesions that occur in the colon of both animals and humans (Rao et al., 1993).

Pearson correlation analysis of this study shows triacylglycerol has a positive correlation with
WBC; Neutrophil and negative correlation with lymphocyte, RBC, hemoglobin, platelet.
Shankar et al. found a positive association between Triglyceride and WBC on cardiovascular
patients (Shankar et al., 2007). Triglyceride levels are shown to be closely related to
inflammation, including elevated WBC count (Ford et al., 2004; Davidson et al., 2006).
However, recent evidence also suggests a direct role for triglycerides in the activation of

leukocytes including neutrophil and free radical production (Van Oostrom et al., 2004, Wanten
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et al,, 2002). Wanten et al reported that triglyceride stimulates neutrophils for the production of
oxygen free radicals (Wanten et al., 1999). The correlation seen between triacylglycerol with
total WBC and its differentials maybe during chronic inflammation secretion of multiple
cytokines (TNF-o, IL-1, IL-2, IL-6) increase serum triglyceride (Jung and Choi, 2014).

In this study, there is a negative correlation between TG and hemoglobin. In contrast, Choi et al
study showed the positive correlation between TG and hemoglobin in iron deficiency anemia
(Choi et al., 2001). Aye et al showed a positive correlation between TG and PC in polycystic
ovarian syndrome patients (Aye et al., 2014). The positive correlation between TG and ALT,
ALP; AST. The correlation result of this study showed that triacylglycerol was positively
correlated with the liver enzyme level. There is substantial scientific evidence that showed how
lipids can affect liver function in preclinical and also in clinical settings (Bertolotti et al., 2014).
Higher lipid levels including high triglyceride are likely to be susceptible to altered metabolism
profile. A fatty liver with inefficient functioning could lead to a decrease in its ability to
detoxification. This will eventually aggravate systemic oxidative stress. The decreased
antioxidant capacity of the liver could be compromised with increasing lipid levels, resulting in

more inflammation and reactive oxygen species in the body (Jung and Choi, 2014).

Moreover, the Pearson correlation analysis shows a negative correlation between hemoglobin
and WBC, neutrophil, and monocyte, in addition, positive correlation also was seen between
hemoglobin and lymphocyte; platelet. This correlation finding shows the consequence of
inflammation on the hemoglobin levels. The study done by Maccio et al confirmed that the
lowest Hb levels were associated with the highest values of inflammatory markers (Maccio et al.,
2015). In Maccio et al study, ROS was negatively correlated with Hb, while GPx and SOD were
positively correlated with Hb. ROS are able to inhibit the synthesis of EPO (Stenvinkel et al.,
1998). Oxidative stress increases the fragility of red blood cells, decreases the rate of erythroid
maturation and shortens erythrocyte lifespan (Millonig et al., 2012). Furthermore, in our study
negative correlation between hemoglobin and ALT, AST; ALP was seen. The probable reason
for this result may be liver damage bring by DMH administration bring dysregulation of hepcidin
and iron dysregulation. This leads to a reduction in hemoglobin. The other possible mechanism
for correlation between two variables may be iron accumulation in hepatocytes and Kupffer cells

lead to an increase in ROS production and pro-inflammatory mediators’ initiates’ cell damage.
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7. CONCLUSION AND RECOMMENDATIONS
7.1. Conclusion

DMH induced colorectal cancer rats were alter WBC, its differentials, RBC indices, and platelet
indices. However, administration of HEECLR in doses of 500 mg/kg and 1000 mg/kg restores
changes in those hematological parameters due to its immune-modulatory activity. DMH bring
fatty change in liver and elevate liver enzymes. 500 and 1000 mg/kg HEECLR reduced elevated
liver enzymes with normal liver appearance. DMH brings colorectal cancer with metastasis to
liver although HEECLR prevents metastasis to the liver this shows the anti-metastasis property
of C.longa but did not cure colorectal cancer. HEECLR has chemo-preventive effect on DMH
administer rat the result showed normal CBC, normal liver enzyme but seen only chronic colitis.
It indicates that HEECLR facilitates detoxification of the DMH in the liver. We conclude that
HEECLR, prepared from C.longa grown in Ethiopia was found to have adequate secondary
metabolites which are important for anti-inflammatory, anti-oxidant and anti-metastatic activities
and also prevents colorectal cancer formation by its chemo-preventive action through boosting

detoxification function of the liver.

7.2. Recommendation

The result presented in this study regarding Ethiopian harvested C.longa should be taken as basis

for further investigation. Therefore, we recommend:

= Further experimental studies and clinical trials should be performed to determine
effective therapeutic and preventive doses
= Emphasis should be given on hematological parameters and ratios (NLR, LMR, PLR,

LHR, NHR, MHR) since they give important information about cancer progression.
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8. LIMITATION OF STUDY

The major limitations of this study were:

In order to compare the effectiveness of extract with the standard drugs, the rat

group receiving anti-cancer drugs was not included in the study.

Tests for oxidative stress and mitochondrial dysfunction were not performed
Isolated curcumin was not tested separately for its individual effect

The treatment period was short

Except for triacylglycerol other lipid profiles were not performed
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