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ABSTRACT

Amaranthus hybridus, which belongs to the plant family Amaranthaceae and is commonly made
as a tasty vegetable delicacy in Nigeria, has been used since ancient times to treat a variety of
diseases including diabetics, urinary infections, diarrhea, discomfort, and others. This study was
needed by recent research on the use of plants as neutraceuticals and natural protectors against
chronic diseases such as myocardial infarction, high blood pressure, diabetes, and others. The
purpose of this study is to assess the lipid profile in Wistar rats' blood samples and organ (heart).
Phytochemical screening and GC-MS analyses were performed on Amaranthus hybridus aqueous
leaf extract (AHALE). Twenty-five albino Wistar rats (male and female but sexually separated)
were divided into five groups of five rats each. Group 1 was the control, groups 2 and 3 received
only doxorubicin (0.5 ml), group 4 received doxorubicin + plant extract (1.0 ml), and group 5
received only plant extract (1.0 ml). DOX was given intraperitoneally once every 48 hours for 48
hours, whereas AHALE was given orally for 14 days. The results of GC-MS analysis indicated
ten bioactive components, the majority of which are aromatic tumerone (38.11%, RT 11.965),
curlone (20.50%, RT 12.369), tumerone (19.3%, RT 12.006), n-hexadecarnoic acid (6.16%,
RT14.979), and phytol (3.72%, RT16.401). DOX administration to rats resulted in a significant
(p0.05) increase in HDL and cholesterol levels of plasma and heart, a significant decrease (p0.05)
in LDL of heart, plasma VLDL level, and plasma Triglyceride level. DOX's effect on the lipid
profile was reversed by treatment with A. hubridus aqueous leaf extract (AHALE). In conclusion,
the results of this investigation suggest that A. hybridus aqueous leaf extract contained
phytochemical components that may be responsible for A. hybridus's modulatory impact in DOX-

induced cardiotoxicity.
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CHAPTER ONE
1.0 INTRODUCTION
Doxorubicin poisoning has been linked to organ damage, particularly the heart (Indu et al., 2014;
Afsar et al, 2017; Zilinyi et al., 2018; Ahmed et al., 2019). A variety of pathways for doxorubicin-
induced cardiotoxicity have been proposed in numerous research. Among those implicated are
oxidative stress, inflammation, apoptosis, protein synthesis inhibition or abnormal protein
processing, mitochondrial abnormalities, and lysosomal alterations (Abdalla et al., 2016; Kwatra
et al., 2016; Wang et al., 2016; Cappetta et al., 2017; Zhao and Zhang, 2017; Zilinyi et al., 2018;
Alghorabi et al., 2019; Zhang et al., 2019; Wallace et al., 2020). They also include increased
myocardial lipid accumulation/dyslipidaemia, damage to cell membranes and lipid peroxidation,
myocardial electrolytes imbalance, changes in adenylate cyclase, Na+,K+-adenosine
triphosphatase (ATPase), Ca2+-ATPase, and creatine kinase impairment (Abdalla et al., 2016;
Kwatra et al. Others include endothelin-1 upregulation, doxorubicin-iron complex formation,
decreased myocardial adrenergic control, autophagy dysregulation, cellular toxicity of
doxorubicin metabolites, and suppression of beta-oxidation of long chain fatty acids, which results
in cardiac ATP depletion (Ashour et al., 2012; Octavia et al., 2012; Zilinyi et al., 2018).
Doxorubicin-induced cardiomyopathy is frequently associated with increased plasma lactate
dehydrogenase and creatine kinase activity, as well as dyslipidaemia (Indu et al., 2014; Sharma et
al., 2016; Abdo et al., 2017). Doxorubicin-induced dyslipidaemia is accompanied by increased
lipid accumulation (e.g., cholesterol, triglycerides, free fatty acids, and phospholipids) in the
myocardium; impaired cardiac fatty acid oxidation; and significant increases in plasma total
cholesterol, triglyceride, low and very low density lipoproteins, with a decrease in high density
lipoprotein levels (Subashini et al., 2007; Tatlidede et al., 2009).

The electrolyte imbalance caused by doxorubicin-induced cardiotoxicity is distinguished by
cardiac sodium and calcium overload (Kwatra et al., 2016). This is usually due to doxorubicin or
its metabolites interfering with membrane functions such as Na+,K+-dependent ATPase activity,
calcium transport, and intracellular electrolyte balance, as well as doxorubicin-induced oxidative
stress (Tatlidede et al., 2009).

Numerous phytochemicals and/or bioactive compounds derived from plants have been reported to

prevent or mitigate doxorubicin cardiotoxicity via antioxidation. They include allicin, ascorbic
1



acid, baicalein, carotenoids, catechin, p-coumaric acid, ellagic acid, epicatechin, epigallocatechin-
3-gallate, gallic acid, isorhamnetin, kaempferol, lycopene, malvidin, naringenin, quercetin,
saponins, and silymarin, all of which have been shown to exert cardioprotective effects by
attenuation of doxorubicin-induced oxidative stress in the heart (Indu et al., 2014; Kulkarni and
Swamy, 2015; Saeed et al., 2015; Warpe et al., 2015; Sahu et al., 2016; Abdel-Daim et al., 2017;
Akolkar et al., 2017; Al-Shabanah et al., 2019).

Amaranthus hybridus L, also known as "Amaranth or pigweed," is an annual herbaceous plant that
grows to be 1 to 6 feet tall. The leaves are alternate petioled, 3 - 6 inches long, dull green, rough,
hairy, ovate or rhombic with wavy margins, and rough, hairy, ovate or rhombic with wavy margins.
The flowers are small, with terminal panicles that are greenish or red. Tap root is long and fleshy
red or pink in color. The seeds are small and lenticellular in shape, averaging 1 - 1.5 mm in
diameter and weighing 0.6 - 1.2 g per 1000 seeds. It is a common species in landfills, cultivated
fields, and barnyards. In Nigeria, A. hybridus leaves are combined with condiments to make soup
(Ngoroyemoto et al., 2019; Montgomery et al., 2020). Their leaves are eaten as spinach or green
vegetables in Congo (Kietlinski et al., 2014). In Mozambique and West Africa, these leaves are
boiled and mixed with a groundnut sauce and eaten as a salad (Perotti et al., 2019; Paniagua-
Zambrana et al., 2020). Squalene, a compound with both health and industrial benefits, has been
found in high concentrations in A. hybridus (Adhikary and Pratt, 2015). Despite its use for such
purposes, little is known about the nutritional and chemical composition of A. hybridus leaves.
The purpose of this study is to document the gas chromatography-mass spectrometry analysis and
effect of Amaranthus hybridus aqueous leaf extract on plasma and heart lipid profile in

doxorubicin-induced cardiotoxic rat.
1.1 Statement of Problem

Natural crude extracts from plants have been used in traditional medicine to treat a variety of
ailments, with Amaranthus being one of them; however, its full therapeutic potential remains
unexplored. Scientific interest in Amaranthus and its health-promoting benefits has grown
significantly in recent years, with numerous reviews presenting Amaranth's nutraceutical
properties, composition, antioxidant properties, applications, and processing. It is widely

acknowledged that amaranth has been underutilized due to a lack of knowledge about its
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nutritional and medicinal properties. There have been few studies on the effects of Amaranthus
hybridus aqueous leaf extract on the plasma and heart lipid profile of doxorubicin-induced
cardiotoxicity, resulting in either limited or scant information. Against this backdrop, the current
study was conducted to determine the effect of Amaranthus hybridus aqueous leaf extract on
plasma and heart lipid profiles in doxorubicin-induced cardiotoxic rats.

1.2 Aim of Study

The aim of this study is to evaluate the chemical constituents and the impacts of Amaranthus
hybridus aqueous leaf extract on certain biochemical parameters in doxorubicin-induced

cardiotoxic rats.
1.3 Objectives of Study
This study is to carried out the following:

1. To determine the phytochemical components of Amaranthus hybridus leaf extract by

phytochemical screening and gas chromatography-mass spectrometry (GC-MS) analysis.

2. To evaluate the effect of the Amaranthus hybridus aqueous leaf extract on lipid profile of rats

induced with doxorubicin.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Botanical Description of Amaranthus hybridus

Amaranthus hybridus is a herb with an unbranched light green stem that can grow up to 1.5 m tall.
The upper stem ends in an elongated panicle of spikes containing small green flowers. It has small
flattened seeds that are dark brown or black in color, circular, and shiny. They are abundantly
available. The alternate leaves are oval in shape and can grow to be up to 512" long and 3" across
as they ascend the central stem (Tanmoy et al., 2014). The uppermost leaves are smaller, longer in
length but wider in the center. It has primarily green foliage, with red tints along the margins of
the leaves and elsewhere. Because the petioles are so long, the leaves droop downward (Ogwu,
2020). It originated in tropical America and has since spread throughout the tropical world. It
thrives at altitudes of up to 1,300m and grows wild on moist ground, in waste places, or along

roadsides. One of the most common leafy vegetables is this weedy species (Bawa et al., 2016).

2.2 Ethnobotany of amaranths

Ethnobotany is the study of local plant knowledge, utilization, and practices (including
superstitious cultures) that have evolved over time (Bawa et al., 2016; Adekiya et al., 2019). The
majority of amaranth is thought to have originated in America, where the Aztec and Inca scripts
show early use, but the exact date of introduction to Nigeria is unknown. Some of Nigeria's diverse
ethnic groups call almost all varieties shokoyokoto, efo, tete, arowo jeja (Yoruba), Akwukwo,
inene (Igbo), Boroboro (Fulani), and Alaiyaho (Hausa). Most amaranth species found in their area
are considered the same by indigenous people (Oyelola et al., 2014). They serve a variety of
ethnological functions as medicines, dyes, home decorators, animal feed, human food, and
superstitions to local gods. Amaranthus parts that have been dried and ground are used to make

local drugs that can be consumed alone, mixed with water, or added to local soups.

The plant is used to treat eye, ear, and stomach problems, as well as dysentery, diarrhoea, diuretics,
lactation support, anus, haemorrhoids, menstrual cycle, venereal diseases, paralysis, epilepsy,

convulsion, and spasm (Oyelola et al., 2014). According to Okunlola et al. (2017), the anti-
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inflammatory, immunomodulatory, anti-androgenic, and anthelmintic properties of Amaranthus
leaves and roots are used as a laxative, diuretic, anti-diabetic, antipyretic, anti-snake venom,
antileprotic, anti-gonorrhoeal, expectorant, and to relieve breathing in acute bronchitis. It is widely
held in South Eastern Nigeria that consuming amaranth leaves and stems in soup will increase
blood count and revitalize the body. In the same region, nursing mothers are frequently served hot
amaranth soup with fish to boost their immunity. Fresh (uncooked) but mature amaranth leaves
are consumed in the South Western region of Nigeria to treat mouth and stomach ulcers. The red
inflorescence is used to make dyes and a traditional drink for stomach pains in some parts of
Northern Nigeria. Amaranth extract is applied to boils until the purse is discharged and the wet

plan is tied to Whitlow as it helps it to dry up faster in North Central Nigeria (Tanmoy et al., 2014).



Table 1: Scientific classification of AHALE

Kingdom

Plantae — plants, Planta, Vegetal, plants

Sub kingdom

Viridiplantae — green plants

Infra-kingdom

Streptophyta — land plants

Super kingdom

Streptophyta — land plants

Super division

Embryophyta

Division Trichophyte — vascular plants, trichophytes

Subdivision Spermatophytina — spermatophytes, seed
plants, phanérogames

Class Magnoliopsida

Superorder Caryophyllanae

Order Caryophyllales

Family Amaranthaceae — pigweed, amaranths

Genus Amaranthus L. — pigweed

Species Amaranthus hybridus L. — green pigweed,

smooth amaranth, smooth pigweed, slim
amaranth



https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=202422
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=954898
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846494
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846494
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=954900
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846496
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846504
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=19520
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=20714
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=20715

Number Language Vernacular Name
1-5 S?ft}} Afriea; Hanekam, kalkoenslurp, misbredie, varkbossie
rikaans
Tswana Imbuya, thepe
Venda Umfino, vowa, Morogo
Xhosa Umfino, umtyuthu, unomdlomboyi
Zulu Imbuya, isheke
6 Congo Bitekuteku Amaranthus viridis, Kinshasa Province
7 Indonesia Bayam
8 Laos Pak hom
9 Siri Lanka Thampala
10 Indi Rangasak, ramdana, rajeera, lalsak, lalsagchauli;
nala 5 .
cheera; koyagura; kuppaikeerai; thotakura
1 China Een choy, Yin C%‘IOY, In-taSL,-Hme-n tasi, xiancai,
Hiyu, Hon-toi-moi,
12 Japan Hiyuna
13 Spanish French: calalou, callaloo
14 Fulani Boroboro
15 Ghana Madze, efan, muotsu, swie
16 Sierra Leone: Grins Creole, hondi, Mende
17-19 TEE;‘: Alayyafo
Yoruba Efo tete, Eforiro
Igbo Igbo inene; Temne: ka-bonthin
20 Malawi: Bonongwe
21 Philippines KulitisIlongo, uray Tagalog
7 IndEnesia: Bayam, Bayammenir, Java, ]%ayamkotok
Sumatra, Chaulai
23 Thailand: Pak-kombhat, pak. Phomsuan
24 Jamaica: Callaloo
25 Vietnam Yan yang
2% P Anchita, achos, achis, incajtaco, coimi and
eru P
kiwicha
27 Bolivia Coimi, Millmi
28 Ecuador Sangoracha, alaco
29 China Hiyu, hon-toi-moi, yir: :al;oy, hin choy, een choy,
30 India Chhaulai, Rangasak, rasr:;lana, rajeera, lalsak, lal
31 Malaysia Bayamputeh, bayarnmerah
32 Caribbean Spinach, bahaji callaloo, calaloo, etc
Prickly amaranth, needle burr, spiny amaranth,
33 English: thorny amaranth, pigweed, African spinach,
foxtail
3 Hindi: Kantachaulai, Gujarati: Kantalodhimdo,
Kantanudant. Manipuri: Chengkruk Marathi:
35 Tamil: Mullukkeerai, Malayalam: Kattumullenkeera
Mullatotakura Kannada: Mulluharivesoppu
36 Telugu: Bengali: Kantanotya Oriya: Kantaneutia
Sanskrit: Tanduliuyah
amarante; brede de Malabar, queue de renard,
37 French . <oy in L
discipline des religieux
38 Mexico Zac-tec
39 Portugal Caruro
40 Sweden Mchicha
41 America “Chowlai”
42 Philippines Kulitis
43 Thailand Pakkhom ha, pak, khomsuan

Figure 2.2: The common names of A. hybridus



2.3 Role of amaranth in nutrition

2.3.1 Protein content

Amaranthus leaves have been reported to contain 17.5 - 38.3% protein (dry weight basis), with 5%
being lysine; an essential amino acid that is deficient in most cereal and tuber-based diets (Abolaji
et al., 2017). Amaranthus blitum has 27% leaf protein (dry weight basis), Amaranthus hybridus
has 28%, Amaranthus caudatus has 30%, and Amaranthus tricolor has 33%. 2017; Abolaji et al.
Cooked leaves (not mixed with other foods) contain about 8% protein and 4% carbohydrates
(Akin-ldowu et al., 2016).

The protein quality of the amaranth leaf-nutrient concentrate is excellent (as measured by amino
acid composition, digestibility, and nutritional effectiveness). It is an inexpensive source of protein
and dietary fiber (Tanimola et al., 2016). The protein has a high content of sulphur-containing
amino acids (methionine, cysteine), which makes it a good combination with cereals (Adekiya et
al., 2019).

2.3.2 Micronutrients

Vegetable amaranth is also a good source of vitamins, particularly provitamin A, the lack of which
causes a serious nutritional deficiency in the tropics and causes blindness in thousands of children
each year (Adekiya et al., 2019). The leaves are also high in vitamin C, K, and folate (Muriuki,
2015). Amaranthus spp. contains three times as much vitamin C, calcium, iron, and niacin as
spinach (Abolaji et al., 2017). When compared to lettuce, it contains 18 times more vitamin A, 20
times more calcium, and 7 times more iron. Carotene and micronutrients such as sodium, copper,

manganese, and chloride are abundant in amaranthus leaves (Abolaji et al., 2017).
2.3.3 Phytochemical content

Aside from being a good source of vitamins and minerals, amaranth also contributes to the intake
of phytochemicals like phenolic compounds (Alemayehu et al., 2015) and isothiocyanates
(glucosinolate group), which have strong antioxidant properties and have been linked to the
prevention and suppression of diseases like cancer, arteriosclerosis, and aging (Olowoake, 2014).

Previous research has shown that antioxidants are abundant in Amaranthus leaves (Musa et al.,
8



2014) and that there is a general trend towards increased antioxidant activity with increased total

phenolic content in Amaranthus (Oladejo et al., 2018).

Aside from being a good source of vitamins and minerals, amaranth also contributes to the intake
of phytochemicals like phenolic compounds (Alemayehu et al., 2015) and isothiocyanates
(glucosinolate group), which have strong antioxidant properties and have been linked to the
prevention and suppression of diseases like cancer, arteriosclerosis, and aging (Olowoake, 2014).
Previous research has shown that antioxidants are abundant in Amaranthus leaves (Musa et al.,
2014) and that there is a general trend towards increased antioxidant activity with increased total

phenolic content in Amaranthus (Oladejo et al., 2018).

2.3.4 Fibre and anti-nutrient content

Vegetable amaranths are recommended as a good source of fiber for constipation patients
(Olowoake, 2014). Amaranths accumulate high levels of anti-nutritional factors such as oxalates
in addition to their high nutritional value. According to research, oxalate has a variety of functional
roles in plants, including calcium regulation, plant protection, and metal detoxification (Beswa et
al., 2016). It is well established from animal studies that oxalates present in foods interfere with
calcium absorption (Oladejo et al., 2018).

Amaranth also contains phytic acid, which, while considered an antinutritional factor, is a common
phosphorus storage form in seeds, tubers, and fruits (Mziray et al., 2001). The anti-nutritional
activity is caused by the complexing of phytic acid with nutritionally essential minerals. Because
of its ability to chelate divalent cationic minerals, phytic acid inhibits Ca, Fe, Mg, and Zn
absorption (Olowoake, 2014). Antinutrients such as phytic acid, oxalates, pro-anthrocyanidins,

tannins, and dietary fibers reduce nutrient bioavailability (Alemayehu et al., 2015).
2.4 Doxorubicin

Doxorubicin is an antibiotic derived from the bacterium Streptomyces peucetius. Since the 1960s,
it has been widely used as a chemotherapeutic agent. Doxorubicin belongs to the anthracycline
class of chemotherapeutic agents, which also includes daunorubicin, idarubicin, and epirubicin.

Doxorubicin is a drug that is commonly used to treat solid tumors in both adult and pediatric

9



patients. Doxorubicin can be used to treat soft tissue and bone sarcomas, as well as breast, ovary,
bladder, and thyroid cancers. Acute lymphoblastic leukemia, acute myeloblastic leukemia,
Hodgkin lymphoma, and small cell lung cancer are also treated with it. The Food and Drug
Administration has approved doxorubicin liposomal formulation for the treatment of ovarian
cancer in patients who have failed platinum-based chemotherapy, AIDS-related Kaposi sarcoma,
and multiple myeloma (Renu et al., 2018; Zhao et al., 2018; Tap et al., 2020).

2.4.1 Structure and Chemistry

The molecular weight of it is 579.9 daltons. The molecule is made up of three distinct sections that
interact with one another. The first three rings are made up of a substituted anthraquinone structure
joined to a substituted cyclohexenyl ring to form a tetracycline ring structure. The molecule's final
component is the unusual amino sugar daunosamine, which is linked to C7 of the cyclohexenyl
ring via a p-glycosidic linkage. Because of the methoxy group at C4 of the first ring and the two
hydroxyl groups on C6 and C Il of the third ring, the molecular structure of the anthraquinone
nucleus suggests that the first and third ring structures of this molecule could be involved in the
majority of its chemical activities. In the case of one electron reduction producing a semiquinone,
hydroxyl substitution may be the most important. The third ring's hydroxyl protons form hydrogen
bonds with the second ring's quinoid oxygen. This hydroxyl substitution alters the molecular and
electronic structure of the doxorubicin anthraquinone nucleus (Sun et al., 2017; Chen et al., 2019;
Van der Zanden et al., 2021).

At the two excitation wave lengths, 253 and 485 nm, the fluorescence emission spectrum of
doxorubicin peaks at 520 - 620 nm. The doxorubicin ultraviolet spectrum maxima in methanol are
at 233, 253, 290, 477, 495, and 530 nm (Razavi-Azarkhiavi et al., 2016).

2.4.2 Administration

Doxorubicin is typically administered intravenously at 21-day intervals. Because of its highly
pigmented, reddish appearance, the drug is easily identified in liquid form. Doxorubicin is
incompatible with heparin and fluorouracil, and when combined with these drugs, it can cause
precipitation. While doxorubicin can be given quickly (over 15 to 20 minutes), slowing down the

administration of the liposomal formulation is recommended to reduce the risk of infusion
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reactions. Doxorubicin should be kept refrigerated and out of direct sunlight before administration.
Doxorubicin enters tissues quickly and has an elimination half-life of up to 48 hours. Doxorubicin
is reduced enzymatically and must be protected before it can be eliminated via biliary excretion
(Rawat et al., 2021).

2.4.3 Distribution

Because doxorubicin has a large number of tissue binding sites, it has a longer anti-tumor activity
after a single intravenous dose and has a lower plasma concentration (Farhane et al., 2018).
Doxorubicin rapidly enters the heart, kidneys, lung, liver, and spleen but does not appear to cross
the blood-brain barrier (Farhane et al., 2017). When used systemically, the therapeutic efficacy of
doxorubicin is determined by its penetration into sites of action such as nuclei. The density of
nuclei per weight of tissue is related to the variation in drug distribution between different organs
and tissues within the same organism (Terasaki et al., 2014). There are also differences in the
concentration of doxorubicin in different tumor tissues after treatment (Ozols et al., 2017), which
are dependent on the route of drug administration. According to Cummings et al. (2016), the long
retention time of doxorubicin in various organs is due to the slow release of nuclear-bound drug

from tissues.
2.4.4 Metabolism

According to Benjamin et al. (2017), doxorubicin is normally metabolized and cleared from the
plasma after administration, with a mean elimination half-life of approximately 30 hours in
humans (rather long compared with other cytotoxic agents). Doxorubicin and its active metabolite
doxorubicinol (DOX-ol) are converted to inactive aglycones by the activity of widely distributed
microsomal glycosidases. These aglycones are demethylated and conjugated to sulphate or
glucuronide esters before being excreted in the bile (Bachur et al., 2016; Cummings et al., 2016).
In the case of doxorubicin metabolism, Weenen et al. (2014) discovered a clear individual and
species difference. They linked this to enzyme specificity and the production of doxorubicin
metabolites, particularly alcohols, which are therapeutically active. Thin layer chromatography
was used to separate six doxorubicin metabolites from human plasma (Benjamin et al., 2017);
three aglycones and three other polar metabolites. Doxorubicinol is the most active metabolite,

and both it and the parent drug could be converted to inactive deoxyaglycone. Brenner et al. (2015)
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used thin layer and high performance liquid chromatography to detect 7-deoxyaglycone in human

plasma after doxorubicin administration.
2.4.5 Mechanism of Action

Doxorubicin's primary mechanism of action involves the drug's ability to intercalate within DNA
base pairs, causing DNA strand breakage and inhibiting both DNA and RNA synthesis.
Doxorubicin inhibits the enzyme topoisomerase Il, resulting in DNA damage and apoptosis
induction. When combined with iron, doxorubicin causes free radical-mediated oxidative damage
to DNA, limiting DNA synthesis even further. Iron chelators, such as dexrazoxane, may prevent
free radical formation by limiting doxorubicin's binding to iron (Meredith and Dass, 2016; Rawat
etal., 2021).

2.4.6 Excretion

Within five days of intravenous administration, approximately 50% of doxorubicin and its
metabolites are cleared in the urine, bile, and feces. The remaining 50% appears to be absorbed by
body tissues (Riggs et al., 2017; Benjamin et al., 2017). In contrast to the small urinary
concentration of aglycones, the polar metabolites appear in significant concentrations in the urine,

while a significant amount of parent drug is excreted unchanged (Calabresi and Parks, 2015).
2.5 Adverse Effects

Fatigue, alopecia, nausea and vomiting, and oral sores are all common side effects of doxorubicin
treatment. There may be bone marrow suppression and an increased risk of secondary malignancy
diagnoses. Extravasation of doxorubicin during intravenous administration can cause severe tissue
ulceration and necrosis, which worsens over time. Doxorubicin is also associated with significant
cardiac toxicity, limiting its long-term use. Doxorubicin-induced cardiac toxicity has a different
mechanism of action than the drug's antitumor mechanism. It involves increased oxidative stress,
down-regulation of cardiac-specific genes, and doxorubicin-induced cardiac myocyte apoptosis.
Doxorubicin's acute cardiac toxicity occurs within days of drug administration and affects

approximately 11% of patients who receive the drug (Farhane et al., 2017).
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Reversible myopericarditis, left ventricular dysfunction, or arrhythmias are symptoms of acute
cardiac toxicity. Doxorubicin-related arrhythmias, which can include sinus tachycardia, premature
atrial and ventricular contractions, and supraventricular tachycardia, occur in up to 26% of patients
who receive the therapy. Acute left ventricular dysfunction can occur in rare cases after
doxorubicin administration; however, this condition is reversible. Chronic, late cardiac toxicity
can occur after doxorubicin administration and is the most serious and potentially fatal side effect
of doxorubicin therapy. Chronic doxorubicin cardiac toxicity affects about 1.7% of patients (Rawat
etal., 2021).

Doxorubicin-induced irreversible cardiomyopathy occurs within a few months of treatment
termination but has also been reported to occur up to twenty years later. Congestive heart failure
is also possible. A higher cumulative drug dose, extremes of age, combination chemotherapy with
other cardiotoxic drugs, pre-existing left ventricular dysfunction, hypertension, and previous
radiation to the mediastinal region are all risk factors for doxorubicin-induced congestive heart
failure. The 1-year mortality rate is approximately 50% when congestive heart failure develops

after doxorubicin administration (Razavi-Azarkhiavi et al., 2016; Chen et al., 2019).

2.5.1 Cardiac Toxicity

Doxorubicin rapidly accumulates in heart muscle, causing cardiotoxicity that can be acute or
chronic depending on the dose and duration of action. Nucleolar fragmentation was observed by
Lampidis et al. (2011), indicating a severe toxic effect. The exact mechanism of cardiotoxicity is
unknown, but it is thought to be related to changes in membrane fluidity (Goormaghtigh, et al.,
2010).

2.5.1.1 Acute Cardiac Toxicity:

The main symptoms are mild depression of myocardial function, which depends on the dose.
Within a few hours of receiving doxorubicin, atrial or ventricular arrhythmias may develop due to
an increase in plasma histamine or catecholamine concentrations (Unverferth et al., 2012; Decorti
et al., 2019). Acute cardiomyopathy symptoms have also included pericarditis and myocarditis.
These symptoms primarily affect the elderly and disrupt normal cardiac function (Bristow et al.,
1978).
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2.5.1.2 Chronic Cardiac Toxicity:

Because the effects of the drug are cumulative, this type of toxicity is irreversible and dependent
on the total doxorubicin dose (Minow et al., 2015). Biventricular failure, tachycardia, shortness of
breath, neck vein distention, hepatomegaly, cardiomegaly, and pleural effusion are the most
common clinical signs of doxorubicin cardiomyopathy (Von Hoff et al., 2017). The development
of congestive heart failure is dose dependent. The doxorubicin dose rate at which there is a risk of
developing congestive heart failure is approximately 500 to 550 mg doxorubicin / m2 body surface
area (Belli and Piro, 2017; Minow et al., 2017; Sallan and Clavell, 2018). The latency period and
risk of developing heart failure vary according to the patient's overall condition, including age;
young adults are more tolerant to cumulative doses than the elderly and small children (Von Hoff
etal., 2017; Brockmeier et al., 2018; Sallan and Clavell, 2018). Previous mediastinal irradiation is
another factor that contributes to the development of congestive heart failure during doxorubicin
treatment (Belli and Piro, 2017; Billingham et al., 2017).

Doxorubicin cardiomyopathy develops before congestive heart failure and is most severe in the
left ventricle and intraventricular septum, but less so in the right ventricle and both atria (Van Vleet
et al., 2018). Human myocardial tissues that develop chronic doxorubicin cardiomyopathy show
vacuolar degeneration of the cardiac cells under the microscope. This is due to sarcoplasmic
reticulum distention and swelling, as well as interstitial edema and myofibrillar lysis. After
myocytes die, the mitochondria remain intact and degenerate (Suzuki et al., 2017). Rahman et al.
(2012) described ultrastructural changes in mouse cardiac tissues after doxorubicin administration,
including myofibre loss, mitochondrial damage, sarcoplasmic reticulum swelling, increased
myeloid body accumulation, and some nuclear abnormalities. Mitochondrial damage is caused by
either membrane lipid peroxidation, irreversible protein depletion due to polymerase inhibition, or
coenzyme Q10 inhibition (a key enzyme of oxidative phosphorylation) (Ferrero et al., 2015;
Folkers et al., 2017).

Cardiac tissue contains less superoxide dismutase than other tissues, making the heart more
vulnerable to superoxide radical injury (Doroshow et al., 2017); cardiac tissues also have less
catalase activity than other tissues (Revis and Marusic, 2018). These enzymes, along with

glutathione peroxidase, are capable of removing hydrogen peroxide, a byproduct of superoxide
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dismutase activity. It was also discovered that within 24 hours of doxorubicin treatment,
glutathione peroxidase in cardiac tissue reached a nadir and took about five days to recover (Revis
and Marusic, 2018; Doroshow et al., 2019).

Olson et al. (2010) discovered that doxorubicin caused an acute decrease in the reduced form of
glutathione (GSH) in cardiac cells and concluded that GSH may play an important role in the
protection of the heart against doxorubicin cardiotoxicity. According to Fabregat et al. (2014),
doxorubicin cardiotoxicity is caused by its interaction with the SH groups of specific enzymes.
They also concluded that while heart tissues have low GSH levels in comparison to others, it is
still the primary SH-protecting compound in cardiocytes. As a result, heart tissues are extremely
vulnerable to doxorubicin-induced radical injury. Finally, there is evidence that doxorubicin in
cardiac tissues is metabolically reduced to doxorubicinol by the activity of the reductase enzyme
(Von Wartburg and Wermuth, 2010). This metabolite was found to be associated with the

cardiotoxicity of doxorubicin (Tacca et al., 2015).
2.6 Prevention of Cardiotoxicity

DOX's efficacy as an antineoplastic agent is dependent on tissue concentrations and/or total
systemic exposure over time, rather than peak plasma concentrations (Dempsey et al., 2021). Thus,
by changing the administration schedule, some of the problems associated with acute or early
DOX-induced cardiotoxicity can be avoided. Instead of a single bolus of drug administered via
intravenous (1V) injection every three weeks, IV delivery of DOX over 48-96 hours and lower
weekly doses have been shown to reduce Congestive Heart Failure (CHF) rates (Mordente et al.,
2017; Avilaetal., 2018). To avoid severe CHF and morbidity, regular monitoring for clinical signs
of cardiotoxicity via physical examination, x-rays, echocardiogram, electrocardiogram (EKG),
endomyocardial biopsy, and radionuclide angiography is required before, during, and after DOX
chemotherapy. Physical examination alone can detect more than half of DOX-dependent CHF that

is early and reversible (Henriksen et al., 2018; Avila et al., 2019).
2.7 Gas Chromatography-Mass Spectrometry (GC-MS)

GC-MS can analyze liquid, gaseous, or solid samples. The gas chromatograph is used to effectively

vaporize the sample into the gas phase and separate it into its various components using a capillary
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column coated with a stationary (liquid or solid) phase (Hussein et al., 2017). An inert carrier gas,
such as helium, hydrogen, or nitrogen, propels the compounds. As the mixture's components are
separated, each compound elutes from the column at a different time depending on its boiling point
and polarity. The time it takes for a compound to elute is referred to as its retention time. GC can
separate complex mixtures or sample extracts containing hundreds of compounds (Garcia and
Barbas, 2011).

After leaving the GC column, the components are ionized and fragmented by the mass
spectrometer using electron or chemical ionization sources. lonized molecules and fragments are
then accelerated through the mass analyzer of the instrument, which is frequently a quadrupole or
ion trap. lons are separated here based on their different mass-to-charge (m/z) ratios. GC-MS data
acquisition can be done in full scan mode, which covers a wide range of m/z ratios, or in selected
ion monitoring (SIM) mode, which collects data for specific masses of interest (Al-Rubaye et al.,
2017).

The process concludes with ion detection and analysis, with fragmented ions appearing as a
function of their m/z ratios. Meanwhile, peak areas are proportional to the amount of the
corresponding compound. When a complex sample is separated using GC-MS, it produces many
different peaks in the gas chromatogram, and each peak generates a unique mass spectrum that can
be used to identify the compound. Unknown compounds and target analytes can be identified and
quantified using extensive commercially available mass spectral libraries (Carpita and Shea,
2021).

2.8 Types of GC-MS

Different analytical tasks necessitate distinct detection abilities. While the gas chromatography
system may remain the same, depending on the level of selectivity and sensitivity required,

different types of mass spectrometers may be required for different types of analyses.

2.8.1 Single quadrupole GC-MS

When gas chromatography is combined with a mass spectrometer with only one quadrupole, the
result is commonly referred to as GC-MS. Because these systems can be operated using either
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targeted selected ion monitoring (SIM) or untargeted full scan acquisition, GC-MS is well suited
to the everyday analysis of samples requiring either targeted or untargeted analysis. Pesticide
analysis in food and environmental samples, analysis of biological samples for drugs of abuse, and
analysis of volatile organic compounds in water samples are examples of typical applications
(Domnguez et al., 2014).

2.8.2 Triple quadrupole GC-MS/MS

The combination of gas chromatography and a triple quadrupole mass spectrometry system is
known as GC-MS/MS. The triple quadrupole MS has a higher level of selectivity and is best suited
for analyses requiring the highest sensitivity. This is frequently the case when attempting to
quantify pesticides in food or environmental contaminants. In most cases, GC-MS/MS systems
operate in selective reaction monitoring (SRM) mode. The SRM's high selectivity reduces
interference from background ions and produces a high signal-to-noise ratio for excellent detection

capability (Hernandez et al., 2013).

2.8.3 HRAM GC-MS/MS

A GC system can be combined with a high resolution accurate mass (HRAM) mass spectrometer
to perform comprehensive characterization of samples in a single analysis with high confidence
compound discovery, identification, and quantitation. These GC-MS/MS systems combine the
quantitative power of a triple quadrupole GC-MS/MS with high-precision, full-scan HRAM
capabilities previously only available from the most sensitive and accurate mass spectrometers.
These systems are ideal for applications that require both precise targeted analysis and confident
identification of unknown compounds (Pascali et al., 2018).

2.9 GC-MS Applications

GC-MS can be used for a wide range of applications, from detecting potentially toxic chemicals
in foods to quantifying organic contaminants in water or analyzing petroleum products during oil

processing.
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2.9.1 Food & beverage analysis

The use of GC-MS analysis is critical to ensuring the safety and authenticity of the foods and
beverages we consume. From pesticide residue determination to ingredient characterization, GC-
MS systems provide manufacturers and regulatory agencies with valuable information about the

safety of our food supply (Feizi et al., 2021).

2.9.2 Environmental analysis

GC-MS is an effective method for monitoring contaminants in the air, water, and soil. It is
especially useful for determining the concentrations of volatile organic compounds (VOCSs) and
semi-volatile organic compounds (SVOCs), polychlorinated biphenyls (PCBs), organochlorinated
pesticides, brominated flame retardants, and polycyclic aromatic hydrocarbons (PAHSs) (Naz et al.,
2014).

2.9.3 Metabolomics

Some of the sophisticated analytical technologies required for complex metabolomic analyses are
provided by GC-MS. It enables researchers to delve deeper into the metabolome and obtain
comprehensive coverage of metabolites in order to support research into primary and secondary
metabolites in plants, animals, and microbes. As the examples below show, HRAM GC-MS is
particularly well-suited to the challenge of untargeted metabolite identification (Tsikas et al.,
2016).

2.9.4 Oil and gas analysis

GC-MS can be used to determine the energy content, CHA, SIMDIS, and H2S/organic sulfur
content of natural gas and natural gas condensates at various stages of the petroleum and natural
gas testing workflows. Furthermore, GC-MS analysis can be used to detect oxygenates, aromatics,
BTEX compounds, and PAHs in crude oil during refinery gas analysis (RGA) and detailed
hydrocarbon analysis (DHA) (Stefanuto et al., 2021).

2.10 Lipid profile
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A lipid profile is a collection of blood tests used to assess cholesterol and triglyceride levels in the
blood. These are simply fat deposits in the bloodstream. Lipid levels that are too high can clog the
arteries, increasing the risk of heart disease and stroke. These are also to blame for unhealthful
weight gain. 2014; Naz et al. A lipid profile is a snapshot of the amount of healthy and unhealthy
fats circulating in the blood. High cholesterol has been linked to heart disease, obesity, diabetes,
and other health problems. Those who are at a higher risk of developing these conditions or who
have been diagnosed with them should have a lipid profile performed. 1t may be prescribed as part
of a routine health check-up in many cases. A lipid profile can be used to predict the occurrence
of cholesterol-related diseases. It is also used to assess the efficacy of a specific cholesterol-

lowering medication/treatment and/or lipid-lowering lifestyle changes (Al-Rubaye et al., 2017).

2.11 Types of lipid profile parameters

The lipid profile provides valuable information on the levels of cholesterol present in the blood. It

actually sheds light on these specific parameters that make up the complete cholesterol count:

2.11.1 Total cholesterol

The total amount of cholesterol in the blood is referred to as total cholesterol. Total cholesterol
includes both low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL)

cholesterol. Cholesterol is a waxy, fat-like substance found in all of the body's cells.

2.11.2 High-Density Lipoprotein

The good cholesterol is high-density lipoprotein. The higher the level of the HDL component of
total cholesterol, the better. The issue is that maintaining high levels of high-density lipoprotein
can be difficult. This is due to the difficulty in controlling lifestyle factors that can lower it, such

as type 2 diabetes, being overweight, not getting enough exercise, and smoking.

2.11.3 Low-density lipoprotein

LDL cholesterol is often referred to as "bad" cholesterol because it accumulates in the walls of

blood vessels, increasing the risk of health problems such as a heart attack or stroke. However,
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cholesterol is not entirely harmful. It is required by the body to protect its nerves and to produce
healthy cells and hormones. Some cholesterol is derived from food, while the liver produces more.
Because it does not dissolve in blood, proteins transport it to its destination. Lipoproteins are the
name given to these carriers. LDL is a tiny blob with a lipoprotein outer rim and a cholesterol
center. "Low-density lipoprotein” is its full name.

2.11.4 Very-Low-Density Lipoprotein

LDL cholesterol is a type of very-low-density lipoprotein. However, whereas VLDL transports
triglycerides (a type of fat) to the body's cells and tissues, LDL transports primarily cholesterol.
The liver produces very-low-density lipoprotein (VLDL), which has a low density relative to
extracellular water. VLDL is one of the five major lipoprotein groups (chylomicrons, VLDL,
intermediate-density lipoprotein, low-density lipoprotein, and high-density lipoprotein) that allow
fats and cholesterol to move within the bloodstream's water-based solution. VLDL is made up of
triglycerides, cholesterol, and apolipoproteins in the liver. In the bloodstream, VVLDL is converted
to low-density lipoprotein (LDL) and intermediate-density lipoprotein (IDL) (IDL). VLDL
particles range in size from 30-80 nm. Chylomicrons transport endogenous products, whereas
VLDL transports exogenous (dietary) products. In the early 2010s both the lipid composition and
protein composition of this lipoprotein were characterized in great detail.

2.11.5 Triglyceride

The triglyceride level test assists in determining the amount of triglycerides in the blood.
Triglycerides are a type of fat found in the blood, also known as lipids. The results of this test
assist the doctor in determining the likelihood of developing heart disease. This test is also known
as a triacylglycerol test. Triglycerides are a lipid type. Triglycerides are the body's storage form
for calories that aren't used right away. These triglycerides circulate in the blood, supplying energy
to the muscles. After eating, extra triglycerides enter the bloodstream. Triglyceride levels may be
elevated if more calories are consumed than the body requires. Triglycerides are transported
through the blood by very low-density lipoproteins (VLDLSs). VLDL, like low-density lipoprotein
(LDL) and high-density lipoprotein (HDL), is a type of lipoprotein (HDL).
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CHAPTER THREE
METHODOLOGY

3.0 MATERIALS AND METHODS

3.1 Materials and Chemicals

This study's reagents were all analytical grade.

3.1.1 Apparatus Used:

Beakers, Warring blender, Oven, Rotatory Evaporator, Burette, Spatula, Sieve, measuring
cylinder, round bottom flask, Insulin syringe (1ml), Centrifuge, Lithium heparin tubes, Plain sterile
tubes, Pipette, Refrigerator, Digital Vernier caliper, Volumetric flask, weighing balance, Funnel,
Dropper, Test tubes, Test tube racks, Beaker, Measuring cylinder, Spatula, Water bath, Nose mask,

Hand gloves, strings.

3.1.2 Reagents Used:

Ethanol, Distilled water, Formaldehyde, Chloroform, Sodium citrate, Sodium chloride, n-Hexane,

n-Butanol, Ethyl acetate, Methanol, Pin, Micropipettes and tips.
3.1.3 DRUG

Doxorubicin was obtained from Alpha Pharmacy & Stores. Head office: 2B Alabi Street, Off
Toyin Street, Ikeja, Lagos on the 2nd of June 2022 as at about 12:50pm

Website: www.alphapharmacy.com.ng; Phone number: 09062547022

3.14KITS

Reagent kits for cholesterol, triglyceride and HDL concentrations evaluation were purchased from
Randox Laboratories Ltd, UK.

3.1.5 EQUIPMENT:

Centrifuge (Heraeus Megafuge 8, Thermo Scientific), water bath (Stuart shaking bath SBS40), and
Spectrophotometer.

21


http://www.alphapharmacy.com.ng/

3.1.6 FEED: Supplied by Live Stock Feeds, Km 190 Lekki - Epe Expy, opp. Mesia Filling Station
Abijo, Eti-Osa 105101, Lekki

3.2 METHODS

3.2.1 Collection of Plant Materials
Amarathus hybridus, family Amaranthaceae, was obtained from Magodo market, Ogun state,
South West, Nigeria.

3.2.1 Preparation of Plant Sample

Amaranthus hybridus leaves were removed from its stem and were cut in small part with the aid
of a kitchen knife and 1,600 g of the leaf were washed thoroughly for 5 time in a running tap water.
1,600 ml distilled water was added and blended with an electric blender. This was left to macerate
for 48 hr and filtered with a three-layered white handkerchief. This process of filtration was
repeated three times and combined filtrate was centrifuged at 3,000 rpm for 5 minutes to obtain a

clear aqueous leaf extract which was then kept in the refrigerator at -4° C until used.
3.3 Phytochemical Analysis
3.3.1 Phytochemical screening

The Aqueous extract was tested for the presence of bioactive compounds using standard methods
as described by Sofowora (1993), Trease and Evans (1989) and Harbone (1973) with slight

modification.

3.3.1.1 Test for carbohydrates (a) Fehling’s test

The extracts, 1.0 ml was added to 2.0 ml Fehling solution and boiled for 5 min. A red precipitate
indicates reducing sugar. 1.0 ml extract was added to 2.0 ml barfoed reagent and boiled for 1 min.
A red precipitate indicates the presence of reducing monosaccharaides. 1.0 ml concentrated H>SO4
was carefully added and giving a reddish ring indicating presence of carbohydrate.

(b) Molisch’s test

In a test tube, 2 ml of plant extract was mixed with 1 ml Molisch's reagent and 5 drops of strong
Sulphuric acid. The presence of carbohydrate is indicated by the formation of a purple or reddish

colored solution.
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3.3.1.2 Test for Phlobatannins

In a test tube, 1 mL of plant extract was mixed with 5 drops of 2% hydrochloric acid. The presence
of Phlobatannins is indicated by the formation of a red-colored solution (Rohini et al., 2021).
3.3.1.3 Saponins (frothing test)

Extract, 0.2 ml was mixed with 5.0 ml distilled water, shakes for 20 minutes, presence of
persistence of foams indicates the presence of saponin.

3.3.1.4 Flavonoid (a) Sodium hydroxide test

Diluted NaOH 0.2 ml was added to 0.2 ml extract, gently shaken. Presence of a dirty yellowish
brown precipitate indicating the presence of flavonoid.

(b) Ferric chloride test: 0.2 ml extract was added to 10% FeCl3 and the mixture was shaken. A
wooly brownish precipitate indicates the presence of flavonoid.

3.3.1.5 Test for Tannins

In a test tube, 1 ml of plant extract was mixed with 2 mL of 5% ferric chloride. The presence of
Tannins are indicated by the formation of a dark blue or greenish black solution (Rohini et al.,
2021).

3.3.1.6 Test for Alkaloids:

In a test tube, 2 ml of plant extract was combined with 2 ml of strong hydrochloric acid and 5
Drops of Mayer's reagent. The presence of alkaloids is indicated by the formation of a green
Colored solution or a white precipitate (Rohini et al., 2021).

3.3.1.7 Test for Phenols

In a test tube, 1 ml of plant extract was mixed with 2 ml of distilled water and 5 drops of 10%
Ferric chloride. The presence of phenols is indicated by the formation of a blue or green colored
Solution (Rohini et al., 2021).

3.3.1.8 Test for Terpenoids

In a test tube, 0.5 ml of plant extract was mixed with 2 ml chloroform and 2 ml concentrated
Sulphuric acid. The presence of terpenoids is indicated by the formation of a reddish-brown
Colored solution (Rohini et al., 2021).

3.3.1.9 Test for Steroids

In a test tube, 1 ml of plant extract was mixed with 1 ml of chloroform and 5 drops of strong
Sulphuric acid. The presence of steroids is indicated by the formation of a brown ring (Rohini et
al., 2021).
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3.3.2 Gas chromatography-mass spectrometry analysis (GC-MS)

The GC-MS analysis was carried out using a Hewlett Packard Gas Chromatograph (Model 6890
series) equipped with a flame ionization detector and Hewlett Packard 7683 series injector, MS
transfer line temperature of 250°C. The GC was equipped with a fused silica capillary column-
HP-5MS (30 x 0.25 mm), film thickness 1.0 pum. The oven temperature was held at 50°C for 5
minholding time and raised from 50 to 250°C at a rate of 2°C /min, employing helium gas
(99.999%) as a carrier gas at a constant flow rate of 22 cm/s. 1.0 micron of extract (1 ml dissolved
in 1 ml absolute alcohol), at a split ratio of 1:30 was injected. MS analysis was carried out on
Agilent Technology Network Mass Spectrometer (Model 5973 series) coupled to Hewlett Packard
Gas Chromatograph (Model 6890 series) equipped with NIST14 Library software database. Mass
spectra were taken at 70 eV/200°C, scanning rate of 1 scan/s. ldentification of compounds was
conducted using the database of NIST14 Library. Mass spectrum of individual unknown
compound was compared with the known compounds stored in the software database Library
(Ajayi et al., 2011 and 2020).

3.4 Animal study in DOX-induced cardiotoxicity

3.4.1 Experimental Animals

Twenty-five albino Wistar rats (15 male and 10 female) were provided by the Animal House,
Department of Biological Sciences, Mountain Top University, Prayer City, Ogun State, Nigeria
where the rats were kept in plastic cages with wire guaze lid. They were exposed to daily 12 hr
light and 12 hr darkness and were fed with regular rat diet and also had unlimited access to water.
They were made to acclimatized for two weeks. Animal handling procedure were in accordance
with ethical guide for the care of Laboratory animals and usage based on the guidelines of the
Institutional Animal Ethics Committee (IAEC) and ethical clearance was obtained from the

Departmental Animal Ethical Committee, Mountain Top University.

3.4.2 Grouping of Experimental Animals in DOX-induced cardiotoxicity
The male animals were randomly grouped into three groups and female animals grouped into two

groups of five rats per group. The grouping is as follows:

Group 1: Normal control (food + water only)
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Group 2: DOX without treatment.

Group 3: DOX + plant extract @ low concentration (0.5 ml)
Group 4: DOX + plant extract @ high concentration (1.0 ml)
Group 5: Plant extract @ high concentration (1.0 ml)

The animals were administered 45 mg/kg body weight DOX once for 48 hr interperitoneally and
thereafter, treated with plant extract daily for 14 days by oral cannula. The rats were allowed to

have overnight fasting prior to the day of sacrifice.
3.4.3 Collection of blood sample

The blood sample was collected by ocular method into heparinized bottles which was mixed

gently.
3.4.4. Preparation of blood plasma

The collected blood samples for assays were transferred into centrifuge tubes and centrifuged at
3,500 rpm for 10 minutes. Plasma was separated, and then stored in the refrigerator at -4°C until

use for biochemical assays.
3.4.5 Tissues Preparation

The rats were dissected to remove the whole organs of the heart. The heart was placed in phosphate
buffer saline (0.01 M; pH 7.4) and homogenized to obtain a final solution of 10% (w/v)
homogenates using mortal and pestle, and Ultra Turrax homogenizer. The homogenates were
centrifuged at 3,000 rpm for 15 minutes to obtain the supernatants which were separated and

refrigerated at -4°C until used for biochemical assays.
3.5 Lipid profile assay
3.5.1 Total cholesterol

Procedure: Sterile test tubes were used which were labelled appropriately, 10 pl of enzyme source
(heart) was transferred to the samples test tubes, 20 ul of water was added to the blank test tube
and 20 pl of standard was transferred to the standard test tube. 1 ml of Reagent 1 was transferred
to the sample test tubes, blank test tube and standard test tube, which the solution was combined
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and incubated in the hot-air oven for 30 minutes at 25 °C. The samples absorbance was read against

the blank using UV-Visible spectroscopy (Auto-palmer Ltd, UK) at 546 nm wavelength.
Total cholesterol concentration was calculated as:

Total cholesterol concentration = Absorbance of sample x Standard concentration

Absorbance of standard
3.5.2 Triglycleride

Procedure: Sterile test tubes were used which were labelled appropriately, 10 pl of enzyme source
(heart) was transferred to the samples test tubes, 1000 ul of water was added to the blank test tube
and 1000 pl of standard was transferred to the standard test tube. 1ml of Reagent was transferred
to the sample test tubes, blank test tube and standard test tube, which the solution was combined
and incubated in the hot-air oven for 30 minutes at 25 °C. The samples absorbance was read against
the blank using UV-Visible spectroscopy (Auto-palmer Ltd, UK) at 500nm wavelength.

TRIG concentration was calculated as:

TRIG = Absorbance of sample x Standard concentration

Absorbance of standard
3.5.3 HDL

Procedure: Sterile test tubes were used which were labelled appropriately, 10 pl of enzyme source
(heart) was transferred to the samples test tubes, 1000 ul of water was added to the blank test tube
and 1000 pl of standard was transferred to the standard test tube. 1 ml of Reagent was transferred
to the sample test tubes, blank test tube and standard test tube, which the solution was combined
and incubated in the hot-air oven for 30 minutes at 25 °C. The samples absorbance was read against

the blank using UV-Visible spectroscopy (Auto-palmer Ltd, UK) at 500 nm wavelength.
HDL concentration was calculated as:

HDL = Absorbance of sample x Standard concentration

Absorbance of standard
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3.5.4LDL
LDL concentration was calculated as:
= (Total cholesterol — HDL) — (Trig/5)
3.55VLDL
VLDL concentration was calculated as

VLDL = Trig/5
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CHAPTER FOUR

RESULTS

4.1 Phytochemical constituents of Amaranthus hybridus aqueous extract (AHALE)

Table 4.1 shows the results of the phytochemical screening of AHALE. The aqueous extract of A.
hybridus gave positive reactions (+ve) for the presence of alkaloids, carbohydrates, tannins,

flavonoids, phlobatinins, proteins, saponins, steroids and terpenoids.

28



Table 4.3: Results of phytochemical screening of Amaranthus hybridus aqueous leaf extract

S/IN PARAMETERS RESULT
1. Alkaloids +
2. Carbohydrates +
3. Tannins +
4. Flavonoids +
5. Phlobatinins +
6. Proteins +
7. Saponins +
8. Steroids +
9. Terpenoids +

(+) = indicate presence (-) = indicate absence
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4.2 Gas chromatography-mass spectrometry (GC-MS) results of AHALE

The results of the GC-MS of AHALE are presented in Figure 4.1, Table 4.2 and Figure 4.2. These
show various peaks which were identified as identified as 10 different bioactive components
present in AHALE. The mass spectral and molecular structures of the identified components were
revealed. Major components identified by the GC-MS analysis include aromatic tumerone
(38.11%, RT 11.965), curlone (20.50%, RT 12.369), tumerone (19.3%, RT 12.006), n-

hexadecarnoic acid (6.16%, RT14.979) and phytol (3.72%, RT16.401).
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Figure 4.1: GCMS chromatogram of A. hybridus Leaf extract
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Table 4: GCMS identified phytochemical components of the aqueous leaf extract A. Hybridus

Peak Retentions time Library 1D/ name of | % of total Quality
component
1. 9.81 Benzene 2.81% 97
2. 10.30 Cyclohexane 2.78% 76
3. 11.27 7-methoxylmethyl-2 2.61% 72
4. 11.97 Ar-tumerone 38.11% 96
5. 12.01 Tumerone 19.38% 55
6. 12.37 Curlone 20.50% 91
7. 13.15 2- 2.03% 38
Nephthalenecarboxylic
acid
8. 14.62 Pentadecanoic acid 1.91% 95
9. 14.98 n-hexadecanoic acid 6.16% 97
10. 16.40 3-octadecane 3.72% 46
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4.3 Effect of AHALE on body weight in DOX-induced cardiotoxic rats
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4.4 Effect of AHALE on plasma and heart triglyceride concentrations in DOX-induced
cardiotoxic rats

Figures 4.5 and 4.6 show the effect of AHALE on the plasma and heart triglycerides levels in
DOX-induced cardiotoxic rats. The rats treated with doxorubicin revealed an increased
triglycerides level in the serum. The Amaranthus hybridus aqueous extract caused a significant
decrease in the level of triglycerides in the serum of Doxorubicin - Induced cardioprotective rat
when compared against other treated group. The rats treated with doxorubicin revealed an
increased triglycerides level in the organ. The Amaranthus hybridus aqueous extract caused a
significant increase in the level of triglycerides in the organ of doxorubicin - induced
cardioprotective rat and the post-administration of 1 ml Amaranthus hybridus and doxorubicin

showed decreased in triglycerides level in the organ.
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Figure 1. Effect of Amaranthus hybridus extract on triglycerides level against Doxorubicin -
Induced cardioprotective rat. Each value is mean + S.E.M. (n =5).
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Figure 2: Effect of Amaranthus hybridus extract on triglycerides level against Doxorubicin -

Induced cardioprotective rat. Each value is mean + S.E.M. (n = 5).
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4.5 Effect of AHALE on plasma and heart HDL concentrations in DOX-induced
cardiotoxic rats

Figures 4.7 and 4.8 show the effect of AHALE on the plasma and heart HDL levels in DOX-
induced cardiotoxic rats. Doxorubicin - Induced cardioprotective rat demonstrated a significant
increase in the level of serum HDL. The treated rats with the plant extract only showed increase
in HDL in blood. The co-administration of 0.5ml Amaranthus hybridus and doxorubicin showed
decreased in HDL level in the serum. Doxorubicin - Induced cardioprotective rat demonstrated a
significant increase in the level of organ HDL. The co-administration of 0.5ml Amaranthus
hybridus and doxorubicin showed decreased in HDL level in the organ when compared against the

control groups.
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Figure 4.7: Effect of Amaranthus hybridus extract on HDL level against Doxorubicin - Induced
cardioprotective rat. Each value is mean + S.E.M. (n =5).
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Figure 4.8: Effect of Amaranthus hybridus extract on HDL level against Doxorubicin - Induced

cardioprotective rat. Each value is mean + S.E.M. (n = 5).
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4.5 Effect of AHALE on plasma and heart VLDL concentrations in DOX-induced
cardiotoxic rats

Figures 4.9 and 4.10 show the effect of AHALE on the plasma and heart VLDL levels in DOX-
induced cardiotoxic rats. The rats treated with doxorubicin only revealed an increased VLDL level
in the blood. The Amaranthus hybridus aqueous extract only caused a significant decrease in the
level of VLDL in the serum and the co-administration of 0.5ml Amaranthus hybridus and
doxorubicin showed decreased in VLDL level in the blood. The rats treated with doxorubicin only
revealed an increased VLDL level in the organ. The Amaranthus hybridus aqueous extract only
caused a significant increase in the level of VLDL in the organ and the co-administration of 0.5ml

Amaranthus hybridus and doxorubicin showed increased in VLDL level in the organ
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Figure 4.9: Effect of Amaranthus hybridus extract on VLDL level against Doxorubicin - Induced

cardioprotective rat. Each value is mean + S.E.M. (n =5).
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Figure 4.10: Effect of Amaranthus hybridus extract on VLDL level against Doxorubicin - Induced

cardioprotective rat. Each value is mean + S.E.M. (n =5).
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4.6 Effect of AHALE on plasma and heart cholesterol concentrations in DOX-induced
cardiotoxic rats

Figures 4.9 and 4.10 show the effect of AHALE on the plasma and heart cholesterol levels in
DOX-induced cardiotoxic rats. The Amaranthus hybridus aqueous extract only caused a
significant increase in the level of cholesterol in the serum and the co-administration of 0.5ml
Amaranthus hybridus and doxorubicin showed increased in cholesterol level in the blood. The
Amaranthus hybridus aqueous extract only caused a significant increase in the level of cholesterol
in the organ and the co-administration of 0.5ml Amaranthus hybridus and doxorubicin showed

increased in cholesterol level in the organ.
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Figure 4.9: Effect of Amaranthus hybridus extract on cholesterol level against Doxorubicin -

Induced cardioprotective rat. Each value is mean + S.E.M. (n = 5).
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Figure 4.10: Effect of Amaranthus hybridus extract on cholesterol level against Doxorubicin -

Induced cardioprotective rat. Each value is mean + S.E.M. (n = 5).
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4.7 Effect of AHALE on plasma and heart LDL concentrations in DOX-induced
cardiotoxic rats

Figures 4.11 and 4.12 show the effect of AHALE on the plasma and heart LDL levels in DOX-
induced cardiotoxic rats. The co-administration of 1ml Amaranthus hybridus and doxorubicin
showed a significant increase in LDL level in the blood when compared against the control and
other treated groups. The Amaranthus hybridus aqueous extract only caused a significant increase
in the level of LDL in the organ and the co-administration of 0.5ml and 0.1ml Amaranthus hybridus

and doxorubicin only showed decreased in LDL level in the organ.
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Figure 4.11: Effect of Amaranthus hybridus extract on LDL level against Doxorubicin - Induced
cardioprotective rat. Each value is mean + S.E.M. (n =5).
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Figure 4.12: Effect of Amaranthus hybridus extract on LDL level against Doxorubicin - Induced

cardioprotective rat. Each value is mean + S.E.M. (n = 5).
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4.8 DISCUSSION

This experiment examined the effects of AHALE on the plasma and heart lipid profile of DOX-
induced cardiotoxic rats. The A. hybridus plant is rich in proteins, essential amino acids, minerals,
flavonoids as well as isothiocyanates and contains natural antioxidants (Arawande et al. 2013),
which is a source of bioactive compounds such as flavonoids and phenolic compounds. The
fraction and extract from A.hybridus exhibit antioxidant, anti-inflammatory, anti-cholestemic and
cardioprotective functions (Akinsola et al. 2019). Current and ongoing researches have revealed
A. hybridus is a significant plant with multifunctional applications in human nutrition, medicines
and products (Vafaie, 2016). Herbal medicine is gaining popularity among the general public due
to the positive effects of herbs on health (Shaik et al., 2012; Ganeshpurkar and Saluja, 2018).
(Ozgun et al., 2018). The purpose of this study was to look into the gas chromatography-mass
spectrometry analysis and the effect of Amaranthus hybridus aqueous leaf extract on plasma and
cardiac lipid profiles in doxorubicin-induced Cardiotoxic rats. Doxorubicin, also known by the
brand name Adriamycin, is a chemotherapeutic medicine used to treat cancer but very toxic, which
increases the total cholesterol level (LDL, VLDL, HDL, TRIG). So, when Amaranthus hybridus

was administered it regulates lipid profile.

Administration of Amaranthus hybridus extract to doxorubicin-treated rats in the current
investigation showed a considerable level of protection. Triglyceride, VLDL, and LDL cholesterol
levels decreased, while HDL cholesterol levels were fully restored. Only the aqueous extract of
Amaranthus hybridus significantly raised the organ's level of cholesterol, while co-administration
of 0.5 ml of Amaranthus hybridus and doxorubicin also elevated cholesterol levels.

When doxorubicin was induced into the rat there was an increase level in the lipid profile which
can lead to heart failure, then when Amaranthus hybridus was administered in the rat it decreases
the level of LDL, VLDL, triglycerides and cholesterol while there was an increased level of HDL.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
5.1 CONCLUSION

The findings of this study suggest that A. hybridus aqueous leaf extract is a good plant that can be
used to regulate the lipid profile by decreasing LDL, VLDL, triglyceride, total cholesterol and
increasing HDL. A. hybridus could thus be a good therapeutic agent and can serve as a
cardioprotective agent for patient with cardio diseases (arising from cancer treatment with the use

of doxorubicin) in the low income areas where there is no fund to purchase medication.

5.2 RECOMMENDATION

It is recommended that future research should be conducted on A. hybridus extract to elucidate its
possible mechanisms of action with cardiac marker enzymes and to compare it with standard anti-
cardiotoxic drugs if it could be a source of caring and curing of cardiotoxicity, as well find out the

active compounds responsible for the observed effects.
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APPENDIX

Appendix I: Body Weights of mice (g)

Selected | Animal body | Average Animal Average | Stock Daily Heart weight
dose weight (g) weight (9) | weight (g) | weight solution dose in
Before before before (9) (conc.) Mi
administratio | administratio | sacrifice | Before
n n sacrifice
Group 1 |T-283.52 275 0.89
(normal | B-240.10 271.59 FOOD + 1.18
control) | H-247.00 267.83 236.58 266.32 WATER 0.84
UN-297.31 286.72 0.82
H&T-271.24 261.70 0.77
Group 2 | UN-226.28 218.05 FOOD 0.2ML |0.75
(DOX- B&T-223.40 208.45 AND FOR 0.73
only) R-ARM- 228.34 223.75 216.89 WATER | GROUP | 0.95
230.51 218.74 + DOX (2,34) ]0.84
H-232.42 215.49 0.71
T-229.10
Group 3 | T-265.72 250.49 0.5ml 0.95
(DOX+ B-293.57 287.24 PLANT 0.5ml 0.90
PLANT) | H&T-268.80 | 266.99 264.59 260.21 LOW 0.5ml 0.94
UN-224.52 218.12 CONC. 0.5ml 0.80
H-282.36 280.60 0.5ml 1.00
Group 4 | UN-224.66 221.81 PLANT 1.0ml 0.88
(DOX T-253.42 240.30 HIGH 1.0ml 0.86
+PLANT | B-260.54 242.84 CONC 1.0ml 0.77
) H-266.94 254.62 265.26 243.90 1.0ml 1.07
H&T-267.54 249.30 1.0ml 0.92
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Group 5
(DOX+
PLANT)

B-249.84
H&R. L-221.2
H-219.45
R.A-230.00
B&T-223.25
H&T-239.05
H&B-211.43
R.L-216.40

226.77

324.15
204.68
199.46
235.45
Dead

223.55
192.84
200.55

PLANT
LOW
CONC.

1.0ml
1.0ml
1.0ml
1.0ml
1.0ml
1.0ml
1.0ml
1.0ml

0.69
0.65
0.95
0.78
Dead
0.65
0.90
0.67
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