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ABSTRACT 

Stem cells are undifferentiated cells that can perpetually divide and differentiate into 

different types of cells. These cells possess high potential for regenerative therapy. 

Umbilical cord blood (UCB) is residual blood contained in the umbilical cord discarded 

after the birth of the baby. It is rich in hematopoietic stem cells and different types of 

other mesenchymal stem cells. Sample was collected from bovine umbilical cord and 

cultured in DMEM low glucose medium. Two different types of cells were isolated, among 

them the floating cells were subcultured for up to 9 passages. Till the 9th passage very 

active growth of cells was observed. These dividing cells on wright staining microscopy 

show different types of cell population morphologically similar to blood cells i.e., 

lymphocytes, erythrocytes, granulocytes, monocytes. Presence of these cells till 8th, 9th 

passage indicate there is the source of these blood cells i.e., hematopoietic stem cells. 

These cells were treated with the phytochemical extracted from the ethnomedicinal plant 

Clematis buchananiana. On treatment with phytochemicals, cell proliferation was 

observed.  

Keywords:  Umbilical cord blood, stem cell, Clematis buchananiana, Alkaloids, Phenolics, 

wright stain, MTT assay, Phytochemicals, PBMC, Regenerative Therapy, Proliferation 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

Stem cells are the undifferentiated cells of multicellular organisms that have the ability to 

replicate indefinitely to similar kinds of identical daughter cells and potency to 

differentiate into specialized progenitor cells giving rise to different kinds of cells (Weiss 

& Troyer, 2006). The children are born with umbilical cord and placenta attached which 

are discarded normally. Umbilical cord blood is a very good source of stem cells. Umbilical 

cord and cord blood along with placenta which are normally discarded, possess a great 

significance. Umbilical cord blood is considered as a good source of the non-embryonic 

stem cells containing multipotent stem cells. These stem cells are naïve cells so very less 

chances of graft versus host immunological rejection (Goldstein et al., 2007). It can be the 

future for regenerative therapy treating many kinds of abnormalities, disorder diseases 

etc. It is like the backup for the future that a child is born with. Regenerative therapy is a 

safe and effective way of naturally repairing the body, restoring function and improving 

mobility by creating functional tissues. The use of stem cells in regenerative therapy has 

opened a hope for new dimensions which possess a huge possibility. Umbilical cord blood 

possesses two major types of stem cell that carry a wide range of applications and hope 

for the regenerative therapy i.e., hematopoietic stem cells and Mesenchymal stem cells 

(Hutton et al., 2009; Javed et al., 2008) 

1.1.1 Mesenchymal stem cells 

Mesenchymal stem cells are fibroblast like multipotent stem cells. That can differentiate 

into almost all three kinds of germ layer i.e., ectoderm (epithelial cells, neuron cells glial 

cells etc.), endoderm (muscle cells, gut epithelial cells, lung cells, endothelial cells, 

hepatocytes etc.), mesoderm (connective stromal cells, chondrocyte osteoblast, 

adipocytes etc., (Chang et al., 2006; Divya et al., 2012). Mesenchymal stem cells can be 

isolated from different source such as, bone marrow, deciduous teeth adipose tissue, hair 

follicles peripheral blood, periodontal ligament, trabecular bone, scalp subcutaneous 
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tissue, skeletal muscle, corneal stroma, liver, lung, spleen, amniotic fluid, placenta, 

umbilical cord, umbilical cord blood (Berebichez-Fridman & Montero-Olvera, 2018).  The 

UCB is the non-invasive source for collecting mesenchymal stem cells that contain the 

naive cells which are nonimmunogenic to the donor hence low chance of graft versus host 

rejection after transplantation (Goldstein et al., 2007; Rocha et al., 2004).  

1.1.2 Hematopoietic stem cells 

Hematopoietic stem cells are the multipotent stem cells that are the continuous source 

of blood and immune cells throughout life. HSC have the ability to differentiate into all 

type of mature blood cells through progenitor cells including myeloid lineage 

(granulocytes, monocytes, leukocytes, erythrocytes, and megakaryocytes) and lymphoid 

lineage (T-cells, B-cells, lymphocytes). HSC are first developed in the embryonic yolk sac 

and the aorta-gonad-mesonephros region from where it migrates to the placenta, cord 

blood, fetal liver, spleen and bone marrow. After the child birth hematopoietic stem cells 

are found in the bone marrow which regulate the blood cells and immune cells throughout 

the life. The cord blood derived HSC could be an alternative source of HSC to treat any 

blood related disorder and disease by using regenerative therapy. The HSC from UCB 

contains immature cells with very low GVHD (Pang et al., 2021; Saudemont & Madrigal, 

2017). 

The UCB contains about 0.5-1% HSC of total mononuclear cells isolated, which is 

comparatively higher than in the bone marrow but still is not sufficient for the therapeutic 

use. So, to use the HSC for therapeutic purposes, in vitro expansion of the cells is necessary 

(Watt et al., 2022). 

1.1.3 The role of medicinal plants in cell proliferation 

Many medicinal herbs have been used traditionally to treat many diseases, wounds and 

injury. Studies show that these medicinal plants can be utilized to control cell 

proliferation. The extract obtained from medicinal herbs contain bioactive 

phytochemicals that promote cell proliferation (Olatunbosun et al., 2012; Osibote et al., 

2011; Saud et al., 2019). 
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Studies have shown the plant derived phytochemicals regulate the cell signaling, 

metabolic mechanism and transcriptional mechanism which plays a major role in cell 

proliferation, lineages and differentiation. The bioactive phytochemicals such as phenols, 

alkaloids, sterols, aldehydes, sterols regulate the different signal pathways and control 

the fate of stem cells (Zhang et al., 2020a). The medicinal plants and the plant derived 

phytochemicals have shown the significant roles to enhance the adult stem cell 

proliferation and inhibit the proliferation of cancerous cells (Kornicka et al., 2017). Several 

studies have shown that these phytochemicals are effective stimulants for both in vivo 

and in vitro cell proliferation (Kornicka et al., 2017).  

According to World Health Organization, the majority of world population still depends 

on the ethnomedicine for primary health care. Around 80%of gloabal population still rely 

on the plants, plant derived medicines (Tugume & Nyakoojo, 2019) and other traditional 

methods like yoga, acupuncture and other therapies. In Nepal and India from the ancient 

periods of time, people used to follow the ayurvedic practices described in Ayurveda, but 

with the modernization and the development of allopathy the practices of ayurvedic 

medicine and knowledge have decreased and slowly forgotten. But they are still used as 

a cultural practice and tradition, treatment process and the use of medicinal plants are 

still in use as ethnomedicine. There are around 2000 different plant species that have 

been used by various ethnic groups of Nepal among the 6500 species of flowering plants 

and ferns recorded in Nepal (Ambu et al., 2020; Kunwar et al., 2022). Among the various 

medicinal plants that have been used as ethnomedicine from the ancient periods Clematis 

species shrubs from the family of Ranunculaceae are also commonly used popular 

ethnomedicine. These plants are distributed in the temperate region of northern 

hemisphere and are composed of vigorous, woody, climbing vines. They have been used 

in Chinese traditional medicines from the ancient times and considered as the sources of 

various pharmaceutically important compounds. There are around 355 species of clematis 

among which around 70 species are used as ethnomedicine. The Clematis species are 

mainly used externally to cure sores, wound, ulcers and injuries broken bones and orally 

for syphilis, gout, rheumatism, bone disorder, chronic skin conditions etc. (Chawla et al., 

2012; Hao et al., 2015). Among the several species of clematis, the Clematis buchananiana 

DC. found in the altitudinal range of 900-3900m is used in several ways for the treatment 
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of different disease and injuries. These are found climbing around the small trees and rock 

(Ghimire et al., 2020).  

1.1.4 in vitro cell culture 

in vitro cell culture is the process in which the cells are grown in an artificial growth media 

under an artificial and controlled environment. This technique is used for studying 

behavior of animal cells in a specific controlled condition. The cell culture lab is the basic 

requirement of biotechnology. Three different types of cell culture are practiced. 1) 

differentiated cells that have lost the capacity to further differentiate, 2) precursor cells 

which are undifferentiated but committed to differentiation into a particular cell lineage, 

3) stem cell culture (Verma et al., 2020). Studying stem cells helps to understand the

development of the whole organism and how our body recovers dead cells, causes birth 

defects, abnormal cell division and differentiation and cancer cells (Ogliari et al., 2014). 

Because of the regenerative capacity and plasticity, stem cells offer great potential as 

regenerative medicine for cell-based therapies to treat disease and different disorders. 

The embryonic stem cell can become any tissue and cell of the body and the placenta 

(Asch et al., 1995; Seydoux & Braun, 2006). Embryonic stem cells supply new cells to an 

embryo that develops into a baby. The embryonic stem cells are pluripotent which can 

differentiate and develop into many types of tissue cells of the body. But despite its high 

potency in stem cell therapy embryonic stem cells have few disadvantages. It involves 

destroying the embryo to acquire cells which gives rise to ethical issues. Embryonic stem 

cells possess more risk of rejection and development of teratomas. The use of adult stem 

cells has less chances of rejection and does not harm the donor. Umbilical cord blood is 

collected from useless, discarded tissue without harming the mother or baby. So, it does 

not raise ethical issues and the research has shown there are less chances of rejection by 

the body. Umbilical cord blood is rich in hematopoietic stem cells and mesenchymal stem 

cells that can be used to treat different types of blood disease such as leukemia, cancer 

and is comparatively safer and appears to have lower immune system incompatibility. 

Mesenchymal stem cells can be used to treat the terminal stage of liver disease, bone 

injuries and skin transplant etc. Cord blood isolation is a non-invasive technique and can 

be easily cryopreserved. Hence, in the developed countries cord banking is available and 
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peoples can cryopreserve cord cells for future use (Covas et al., 2003; Hill et al., 2019; Yu 

et al., 2018; L. Zhou et al., 2020). 

1.1.5 Bioactive Phytochemicals 

The phytochemicals are the chemical compounds produced by plants. Bioactive 

phytochemicals have biological activity due to which they could be used to treat injuries 

and diseases. These naturally occurring phytochemicals are divided into two types on the 

basis of their function and production. The primary metabolites are the necessary 

nutrients for plant life such as carbohydrates, amino acids, proteins, lipids, purines, and 

pyrimidines of nucleic acids. The secondary metabolites are the byproduct of the primary 

metabolic pathways such as alkaloids, phenolics and terpenoids, flavonoids etc. 

(Rabizadeh et al., 2022; Xiao & Bai, 2019). The secondary metabolites have various 

properties based on its uses and applications e.g., dyes, medicines, insecticides, 

herbicides, perfumes etc. Secondary metabolites are usually produced by the plants under 

special conditions i.e., during the time of injury, stress, invasion or reproductive stages 

etc. (Mendoza et al., 2018). These phytochemicals thus produced are accumulated in 

different parts of the plants, such as in the roots, stems, leaves, flowers, fruits and seeds.  

They possess antioxidant activity, antimicrobial effect, modulation of detoxification 

enzymes, modulations of hormones. These secondary metabolites were found to be not 

just protecting plants but also protecting humans and other animals against diseases 

(Saxena et al., 2013). 

1.2 Project Rationale 

Clematis buchananiana is selected for this study because of their ethnomedicinal values 

and the folk tales about the effect of its use. The plant is called Chautajod in the 

community from where the sample was collected due to its ability to join the wound. 

Amfol plus is a common supplement recommended by the clinician in case of anemia. 

These amfol plus contain folic acid which is an important mineral for red blood cell 

formations. So, Amfol plus was used to observe its effect in cell proliferation.  
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Cord blood is an easily available source of embryonic stem cells which can be collected 

non-invasively posing no harm to the mother or newborn child. Cord blood possesses 

hematopoietic stem cell and mesenchymal stem cells which can differentiate into wide 

range of progenitor cells so can be good source of different cell lines and tissues which 

can be used for different purposes i.e., regenerative therapy, antibody production vaccine 

development, in vitro culture of different kinds of viruses and parasites. In the present 

work, we have investigated the putative cell proliferative property of Clematis 

buchananiana extract on hematopoietic stem cells obtained by umbilical cord blood 

culture. 

1.3 Research Hypothesis 

Ethanolic extract of Clematis buchananiana enhances proliferation of hematopoietic stem 

cells isolated from bovine umbilical cord blood. 

1.4 RESEARCH OBJECTIVES 

1.4.1 General objective 

• To isolate and culture hematopoietic stem cells from bovine umbilical cord blood.

• To study the role of bioactive phytochemical present in Clematis buchananiana DC

in cell proliferation and/or differentiation.

1.4.2  Specific Objectives 

• To verify the selected ethnomedicinal plant

• To extract the bioactive phytochemical from the selected plants

• To isolate and culture peripheral blood mononuclear cells from bovine umbilical

cord blood

• To isolate and expand stem cells from PBMC

• To isolate and expand hematopoietic stem cells

• Study the effect of bioactive phytochemical present in Clematis buchananiana DC

in cell proliferation of isolated stem cells in different lineages
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1.5 Research plan 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Stem cells 

To understand the disease, aging, body healing mechanism, effect of drug, immune 

system, vaccine development, mutation and genetic disorders the study of cells is the 

basic requirement. In in vivo conditions there may be many known and unknown factors 

which are influencing cell biology directly or indirectly. To know and understand individual 

cells, in vitro cell culture is the most important technique available (Segeritz & Vallier, 

2017). 

 There are cells which have the ability to divide indefinitely into identical daughter cells 

and differentiate different types of progenitor cells. These progenitor cells give rise to 

mature cells. Based on their ability to differentiate into different types of cells, stem cells 

are divided into five different types. i.e., 1) Totipotent stem cells, these cells can 

differentiate into any kind of cells of an organism. These cells are the original source of all 

cells of the organism for example, zygote. 2) Pluripotent stem cells, these cells also can 

differentiate into almost all kinds of cells e.g embryonic stem cells. 3) Multipotent stem 

cells, these cells can differentiate into many types of cells but closely related only e.g., 

Hematopoietic stem cells can differentiate into only blood related cells but all kinds of it. 

4) Oligopotent stem cells, these cells can differentiate into few types of cells only for

example myeloid stem cells can white blood cells only, 5) Unipotent stem cells, these cells 

can only differentiate into specific type of cells e.g., erythropoietic cells (Zakrzewski et al., 

2019). 

These cells originate from different sources in a different phase of life and some last for 

only a specific period of time. The source of stem cells is differentiated into four types i.e., 

Embryonic, fetal, perinatal and adult stem cells. Among the various sources of stem cells 

only perinatal is the source from which stem cells can be isolated without harming the 

donor organism. Perinatal sources are available just for a few times after the delivery of 
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the baby (Ekblad-Nordberg et al., 2020). Although embryonic and fetus derived stem cells 

have better potency and low risk of GVHD, there are many hurdles for the isolation and 

use of embryonic and fetus derived stem cells. The process of isolation of stem cells from 

embryo or fetus may involve harming the life and have ethical issues. The isolation of adult 

stem cells involves the painful process and the potency of isolated stem cells is limited 

and weak stemness. The perinatal sources such as Amniotic fluid, placenta umbilical cord 

and cord blood are readily available sources of stem cells which are generally discarded 

after the birth of child. These cells possess naïve cells with more potency than adult stem 

cells and can be isolated without harming the child. Among prenatal stem cells umbilical 

cord derived stem cells are most commonly used and studied. Umbilical cord is an elastic 

connecting organ of the fetus to placenta. These umbilical cord derived stem cells show 

many promising possibilities in regenerative therapy (Si et al., 2015). 

Figure 1: Different sources of stem cells from where they can be isolated and the 
stemness of cells on the basis of age and origin (Ekblad-Nordberg et al., 2020) 

2.2 Umbilical cord blood as the source of stem cells 

The cure of HIV infection by the use of umbilical cord blood has shown the whole world 

about the potential of stem cells in regenerative therapy (Marley et al., 2022). It has been 

almost six decades since the first detection of stem cells. In 1963, two Canadian scientists 
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first detected the unspecialized cells that can differentiate into specialized cells. In 1907 

A.D. American embryologist Ross Granville Harrison first developed the techniques of cell 

culture in vitro (Mak, 2018). Small pieces of living frog embryonic tissue were isolated and 

cultured in the in vitro condition outside of the body. This has been a milestone in the 

study of cell biology (Jedrzejczak-Silicka & Jedrzejczak-Silicka, 2017). The isolation of cells 

and study in in vitro condition has made it possible to learn the nature of cells and cell 

biology in the controlled condition. This enables us to know the characteristics of cells and 

its potency under direct observation. Two types of stem cells, hematopoietic stem cells 

and mesenchymal cells are found in umbilical cord blood. 

Figure 2: Umbilical cord blood contains hematopoietic and mesenchymal stem cells (Lee, 
2010) 

2.3 Hematopoietic stem cells 

After the discovery of stem cells which have the ability to divide and form colonies in the 

umbilical cord blood culture by Knudtzon in 1974, cord blood became a potential 

candidate for the source of hematopoietic stem cells (Knudtzon, 1974). The use of 

hematopoietic stem cells to cure human disease has already been more than 60 years. 

The first successfully transplanted cells were the hematopoietic stem cells by bone 
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marrow cells transplantation from the identical twins of a patient suffering from acute 

leukemia in 1959 “E Donnall Thomas (1920–2012). The first cord blood transplant was 

performed after 30 years of successful bone marrow transplant in 1989 by Gluckman and 

colleagues. Some features of cord blood like easy availability and the presence of more 

primitive and naïve cell than in bone marrow which increases the tolerance for human 

leukocytes, antigen mismatches and decreases the incidence of graft-versus-host disease, 

make it more popular and established source for the hematopoietic stem cells for the 

transplantation (Metheny et al., 2013). In the last 33 years after the first transplantation 

of umbilical cord blood stem cells, there has been a huge progress in stem cell therapy. 

The use of umbilical cord blood for regenerative have been so popular that more than 450 

cord banks have been established worldwide (Global Cord Blood Industry Database, 2021) 

in which more than 5,800,000 cord blood units have been stored in private and public 

cord bank and more than 35,000 UCB transplantation has been performed worldwide 

(Murata et al., 2022). The isolation of cord blood can be done once in life and it possesses 

a huge possibility. Cord banking is getting popular for future use. These hematopoietic 

stem cells have the ability to develop into all types of matured blood cell types through 

the organized hierarchy i.e., myeloid lineages such as granulocytes, monocytes, 

leukocytes, erythrocytes and megakaryocytes, and lymphoid lineage cells such as T and B 

lymphocytes (Kondo, 2010). 

Figure 3: Different possible progenitor and specialized cells developed from the 
hematopoietic stem cells (From https://www.americordblood.com/  ) 

https://www.americordblood.com/
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This potential of umbilical cord blood to develop into all kinds of blood and immune cells 

has attracted the interest of researchers. Several clinical studies on cancers, lymphoma, 

leukemia, autoimmune disease immunodeficiency, cardiac failure, neural disorder, 

metabolic and genetic disorder etc., are in progress to explore the hematopoietic stem 

cells therapies potential and minimize the possible risk of the rejection, teratoma 

formation and autoimmune disease (Chivu-Economescu & Rubach, 2017). Cord blood has 

already proven treatment for many diseases related to various types of cancers, inherited 

metabolic disorders, blood disorders and immune deficiencies. Among the different types 

of stem cells, hematopoietic stem cell transplantation is the most applied therapy to treat 

and cure different diseases and disorders. Both allogeneic and autologous hematopoietic 

stem cell transplantation has been performed (Talib & Shepard, 2020). 

2.4 in vitro expansion of umbilical cord blood stem cells 

The number of stem cells present in umbilical cord blood is low as compared to bone 

marrow. ex vivo cell culture of the umbilical cord blood has been proposed to increase the 

cell number available for the transplant (McNiece et al., 2000). The in vitro cultures of the 

cells have been useful for studying cell biology, effects of the different drugs and other 

chemicals to the cells and cytotoxicity, productions of vaccines and proteins etc. (Arango 

et al., 2013). The study of behavioral and differential characteristics in in vitro culture 

condition are very effective and important for the cell differentiation such as the 

hematopoietic stem cells are non-adherent cells floating in the culture media while the 

mesenchymal stem cells adhered in the plastic surface of the culture plate (Mantri & 

Mohapatra, 2014). 

2.5 The role of bioactive phytochemicals in cell culture 

Stem cells are the cells which can divide indefinitely through the self-renewal and can 

differentiate into mature daughter cells, this phenomenon is regulated by various intrinsic 

and extrinsic mechanisms and factors. Metabolism plays a very important role in 

maintaining self-renewal and differentiation. The studies have shown that fatty acid 

metabolism has an important role in the self-renewal of hematopoietic stem cells by 

controlling over the fate of stem cells (Ito & Suda, 2014). Self-renewal and the 
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differentiation into different lineages are affected by the multiple signal pathways and 

signal transduction. The different bioactive phytochemicals are found to stimulate self-

renewal and differentiation of stem cells by activating or inhibiting the signal pathways 

(MAPK, canonical Wnt/B-catenin, AKT, etc.,) and key transcription factors (e.g., OCT4, 

NANOG, Runx2, etc.). In regenerative therapy the controlling of proliferation and 

differentiation of stem cells have been a major challenge. Study shows Phytochemicals 

such as flavonoids, sterols, phenols and alkaloids derived from the foods and herbs have 

shown clear results on modulation and self-renewal function of stem cells. The 

cooperative application of bioactive phytochemicals with stem cells shows promising 

effects and possess huge possibilities (S. Zhang et al., 2020b). 

 

Figure 4: The role of phytochemicals in the proliferation and differentiation of stem cells 
(From S. Zhang et al., 2020b). 

2.6 Phytochemical Extraction 

Phytochemicals are the chemical compounds that naturally occur and secreted by the 

living plant tissues. These bioactive phytochemicals have the ability to interact with other 

components of living tissue in various effective ways as antioxidants, cell stimulants, 

enzymes, nutrients etc. Based on the chemical structure and characteristics these 

phytochemicals are classified into six major groups i.e., lipids, carbohydrates, phenolics, 

alkaloids, terpenoids and other nitrogen-containing compounds (Huang et al., 2016). 
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More than 1000 phytochemicals have been known and different phytochemicals have 

different characteristics and functions. Single plant and plant parts contain many different 

types of phytochemicals in different proportions. To isolate the desired phytochemicals 

of interest the phytochemical extraction is carried out. Medicinal plants contain many 

important phytochemicals along with other building compounds. To isolate the specific 

and effective phytochemicals in sufficient amounts specific extraction methods should be 

followed (Thakur et al., 2020). Different kinds of solvents are used for the extraction of 

phytochemicals from the plant based on the polarity of the desired phytochemicals. The 

solvents are selected on the basis of polarity of the desired compounds. A solvent of 

similar polarity will dissolve the solute properly. The study has shown that ethanolic 

extracts of plants extracted higher concentrations of phenolics compounds than by 

acetone, water or methanol (Koffi et al., 2010). To achieve a desired compound form 

phytochemical extraction, the proper selection of the solvent and extraction technique 

plays an important role. For the extraction there are several methods such as maceration, 

infusion, decoction, percolation, Soxhlet extraction, sonication, digestion and microwave 

assisted extraction etc., the choice of appropriate extraction methods depends on the 

nature of plant materials, solvent used, temperature and mainly the desired compounds 

and its purpose (Abubakar & Haque, 2020a). 

2.7 PHYTOCHEMICAL SCREENING 

Pre-phytochemical screening is a very important step to study the significance of bioactive 

phytochemicals. Before continuing the study, the analysis of phytochemicals helps us to 

examine if the extraction was performed well or not and the desired phytoconstituent is 

present or not in the extraction. The phytochemical screening is considered as the 

preliminary test or a qualitative analysis of the presence of primary and secondary 

metabolites such as carbohydrates, lipids, alkaloids, flavonoids, phenols and tannins and 

proteins (Pant et al., 2017). The phytochemicals like phenols and alkaloids exhibit 

antioxidant properties which protects the cellular constituent from oxidative stress and 

improve cell survival. The studies have shown that these antioxidants not only improve 

cell proliferation but also help to maintain the potency and differentiation of stem cells 

(Shaban et al., 2017). 
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2.8 Clematis buchananiana DC. as ethnomedicine 

Clematis buchananiana are called by different names in different places based on the 

locality and community and the names are normally given based on its applicability. The 

knowledge of ethnomedicine is passed from generation to generation verbally. So, it’s 

hard to find the written literature since when the plant was started to be used as the 

medicine. Although there are many related plants like this mentioned in Ayurveda, the 

knowledge of Ayurveda is written in Sanskrit and not available online. The detailed study 

of the mode of action and its efficacy to treat the disease and disorder and injury is not 

well known but still it has been practiced for centuries. The literature has shown that not 

just in Nepal in many parts of the world Clematis spp. have been used as ethnomedicines. 

Traditionally, it has been used to treat sinusitis, a paste of the roots is used to treat 

inflammation, toothache, juice of root is used in the treatment of peptic ulcers. It has also 

found to be administered orally and topically to treat sexually transmitted infections, 

bone disorders, chronic skin diseases, rheumatoid arthritis, chronic skin disease in 

different parts of the world (Adhikari et al., 2019; Bhat et al., 2013; Saha & Chattopadhyay, 

2011; Subba et al., 2018). The in vitro study in the Sikkim University has shown the 

Clematis buchnaaniana has shown the inhibition of hemolysis and protein denaturation 

(Subba et al., 2018). The phytochemical screening of methanolic extract of Clematis 

buchananiana have shown the presence of anti-inflammatory metabolites such as 

flavonoids and phenolics and the results have also shown the evidence for the anti-

inflammatory property (Subba et al., 2018). 

2.9 MTT assay 

To measure the cell viability, proliferation and cytotoxicity MTT assay was performed. 

MTT is abbreviated from 3-(,5-dimethylthiazol-2yl-2,5-diphenyltrazoliumbromide a 

tetrazolium salt. It is a yellow water-soluble dye that is cleaved by the mitochondrial 

succinate dehydrogenase produced by the metabolic activity of the cell, into violet color 

formazan. This is also used as a quantitative cytotoxicity assay.  If there is no color change 

cells are dead or absent (Ghasemi et al., 2021). It is a colorimetric assay discovered by Tim 

Mosmann in 1983.  This tetrazolium salts consist of a positively charged quaternary 
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tetrazole ring core containing four nitrogen atoms surrounded by three aromatic rings 

including two phenyl moieties and one thiazolyl ring which can pass through the cell 

membrane as well as the mitochondrial inner membrane of the viable cells. The reduction 

of MTT by metabolic activity of cells results in the color change by the disruption of the 

core tetrazole ring and the formation of a violet-blue water insoluble molecule formazan. 

The change in color is measured by reading optical density by ELISA reader and the change 

in color is compared with the controls to determine the percentage of viable cells 

(Mosmann, 1983) 

2.10 Bovine umbilical cord blood 

There are many obstacles and issues to using human umbilical cord blood although these 

are discarded after the birth of a child, mainly due to ethical issues and parent’s consent. 

So, as an alternative bovine umbilical cord blood was chosen as an alternative for human 

umbilical cord blood for the present study. The umbilical cord blood samples from the calf 

could be taken as a model for the study. Several studies have shown that the bovine 

umbilical cord blood has similar properties and expresses similar surface markers as 

human umbilical cord stem cells. Therefore, bovine umbilical cord blood can be taken as 

the model for the study of animal cell culture which is applicable for both veterinary and 

human cell culture and regenerative therapy, vaccine and hormone production etc 

(Kusindarta & Wihadmadyatami, 2021).  

2.11 Wright staining 

Wright Stain is a commonly used stain in hematology laboratory for the staining of 

peripheral blood smears. Wright’s stain is named after James Homer Wright who first 

made this stain by modifying Romanowsky stain in 1902. This stain is used as a differential 

stain to distinguish between blood cells. Wright stain is a mixture of basic dye methylene 

blue and acidic dye eosin. These induce multiple colors when applied to the cells. The 

basic dye methylene blue helps to stain the acidic components e.g., nucleus with nucleic 

acid as a result it becomes blue to purple shades. And the acidic dye eosin helps to stain 

the basic component of cells e.g., hemoglobin, eosinophilic granules and cytoplasm and 

form orange to pink color. The neutral component of cells could take both dyes resulting 
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in variable colors. It does not require any special fixative agent as it is methanol-based 

stain (Giri, 2019). 

2.12 Gram staining 

Gram staining is the most commonly used technique in Microbiology laboratory. It was 

first used in 1884 by Hans Christian Gram while searching for the method to visualize cocci 

present in pneumonia. This stain is the fundamental to phenotypic characterization of 

bacterial cells but even the cells of fungi and yeast can be stained by it. The staining 

procedure differentiates organisms according to the cell wall structure. Gram-positive 

cells have a thick peptidoglycan layer and stain blue to purple while Gram-negative cells 

have a thin peptidoglycan layer and stain red to pink (Gram Stain Protocols, 2019).  

2.13 Trypan Blue staining 

Trypan blue staining is the dye exclusion test used to determine the number of viable and 

number of viable cells in a cell suspension. This staining process is based on the principle 

that the live cells have intact cell membranes that exclude the penetration of dye whereas 

the dead cells don't have intact cell membranes and the cell absorbs dye. Trypan blue is 

diazo dye that, being negatively charged, doesn't interact with the cells and penetrate 

membranes, thus it couldn't take dye, so unstained cells were considered as viable cells. 

In other hand, the cells with damaged membranes are stained in a distinctive blue color 

readily observed under microscope (Tran et al., 2011).  

2.14 Hemocytometer 

Cells can’t be counted directly from the flask, even on slides counting all cells is not 

possible. There is no order of magnitude of the volume of cells in normal glass slides. 

Hence to calculate the density of a cell in a suspension hemocytometer is designed. 

Hemocytometer is a thick glass slide that contains the square chamber carved in it that 

has a specific depth (Liu, 2017). Fig.5 shows the structure and cell counting technique of 

Hemocytometer.  
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Figure 5:  Hemocytometer gridlines, a cell counting technique (After sigmaaldrich.com). 
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CHAPTER 3 

METHODOLOGY 

All the laboratory works were performed in the Central Department of Biotechnology, 

Tribhuvan University, Kirtipur, Kathmandu, Nepal. The plant sample was collected from 

the Western region of Nepal (https://goo.gl/maps/3neu8fhuh74qXbo67 ) from Kaski 

district and the umbilical cord blood was collected from the agriculture farm of 

(https://goo.gl/maps/ati84YoEubePBFUy50 ) Gatthaghar, Bhaktapur, Nepal. 

3.1 Collection of plant sample 

The plant sample was selected on the basis of its ethnomedicinal value and the practices 

in the local community in the villages located at the 1300 m altitude western region of 

Nepal Gandaki province. The aerial part of the plant sample including leaf, stems and 

flowers were collected in a clean plastic bag and delivered to laboratory central 

department of Biotechnology, Kirtipur, Kathmandu, Nepal. 

3.2 Identification of plant species 

To identify the Plant sample species, the plant (stem, leaves, flower) herbarium was 

prepared on a white paper. The plant was kept pressed in layers of newspaper for 15 days. 

The papers were changed periodically to avoid the humidity. The dried plant sample 

without losing its color was sent to the National herbarium and botanical laboratories, 

Godawori, Lalitpur, Nepal.  

3.3 Extraction of phytochemicals from plant 

The leaves of the plant sample were collected and air dried at room temperature for a 

week. Powder was made from the completely dried leaf by using a grinder. 10 g of powder 

was added in a thimble prepared by filter paper in the lab (Whatman grade 1 filter paper) 

and kept in the extraction chamber of Soxhlet apparatus. 250 ml of 70% ethanol was 

added in the round bottom flask of Soxhlet. The apparatus was fitted as required and 

https://goo.gl/maps/3neu8fhuh74qXbo67
https://goo.gl/maps/ati84YoEubePBFUy50
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started heating at 600 C by using a heating mantle. In and out flow of cold water was 

maintained in a Soxhlet condenser. For the condensation of the ethanol evaporated by 

heating in the heating mantle. Each drop of the condensed ethanol falls on the powder 

which mixes with the phytochemical of the plant and separates it. The extracted solution 

falls back to the round bottom flask. This process was repeated for 10 hours. After 10 

hours of continuous running of the Soxhlet apparatus the collected solution in the round 

bottom flask was transferred to the round bottom flask of rotavapor. The round bottom 

flask of the rotavapor was fixed to the rotavapor and the rotavapor was run at 60°C and 

50 rpm till the ethanol was completely evaporated (Abubakar & Haque, 2020b; Redfern 

et al., 2014a, 2014b). The dried extract was removed from the round bottom flask of 

Rotavapor and stored in a 15 ml falcon tube in a dark condition.   

3.4 Qualitative analysis of phytochemicals  

The qualitative tests for preliminary phytochemical screening were performed to detect 

the presence of bioactive phytochemicals (Pandey & Tripathi, 2014; Shaikh &Patil, 2020). 

Preliminary phytochemicals are effective for extraction and to analyze the possible utility 

of the plant extract. This test was performed to detect the presence of phytochemical 

groups like Alkaloids, carbohydrates and glycosides, proteins and amino acids, phenolic 

compounds and tannins and flavonoids.  

3.5 Detection of carbohydrates 

100 mg extract solid was dissolved in 5 ml distilled water and filtered. Filtrates were used 

to test for the presence of carbohydrates and glycosides. To detect the presence of 

carbohydrates and glycosides Benedict’s test was performed. Two different solutions i.e., 

solution A was prepared by mixing 17.3 gm sodium citrate and 10 gm sodium carbonate 

and 80 ml water and dissolved by boiling to make clear solution and solution B was 

prepared by dissolving 1.73 gm of copper sulphate in 10 ml distilled water, these two 

solutions were mixed to prepare the Benedict’s reagent. 2 ml Filtrates were treated with 

benedict’s reagents and heated gently. Orange red precipitate indicates the presence of 

Carbohydrates. 
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3.6 Detections for alkaloids 

Wagner’s test was performed to detect the presence of Alkaloids. Wagner’s reagents 

were prepared by mixing 1.27 gm of iodine with 2 gm of potassium iodide and dissolved 

in distilled water to make the final volume 100 ml. 100 mg of extracts were dissolved 

individually in dilute hydrochloric acid and filtered. 2ml Filtrates were treated with 

Wagner’s reagents. Formation of brown/reddish precipitate indicates the presence of 

alkaloids. 

3.7 Detection of proteins and amino acids 

Ninhydrin test was performed to detect the presence of proteins and amino acids. 2 drops 

of Ninhydrin solution (10 mg ninhydrin + 200 ml acetone) were added in the 2 ml of 

filtrate. A formation of purple color indicates the presence of proteins and amino acids. 

3.8 Detection of phenolic compounds and tannins 

Ferric chloride test was performed to detect the presence of phenolic compounds and 

tannins. Extract aqueous solution was treated with 3-4 drops of ferric chloride solution. 

Formation of greenish/blueish to black color indicates the presence of phenols. 

3.9 Detection of flavonoids 

 Alkaline reagent Test was performed to detect the presence of flavonoids. 1 ml aqueous 

solution was treated with 2 ml of 2% NaOH solution A formation of intense yellow color 

which again disappeared on adding few drops of diluted HCl indicates the presence of 

flavonoids. 

3.10 Preparation of complete DMEM media 

The complete DMEM media was prepared by adding 0.4 gm incomplete DMEM 

{Dulbecco’s Modified Eagle’s Medium (DMEM) -low glucose with 1000 mg/L glucose and 

L-glutamine, without Sodium bicarbonate} powder media of sigma analytical in 1 L 

reagent bottle containing 400 ml distilled water and was shaken gently for a while till it 
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mixed properly. Then 1.85 gm of sodium bicarbonate was added on it and filtered through 

0.2 micron pore size syringe filter and was stored at 4°C. 10% FBS (5 ml) and 1% antibiotics 

(500 mg streptomycin sulfate) was mixed in the 45 ml of incomplete DMEM media 

(Clouthier, 2012.). 

3.11 Collection of umbilical cord blood 

The umbilical cord blood was drained from the umbilical cord blood vein just after the 

delivery of the calf by the senior veterinary expert Dr. Umesh Mandel. Doctor was called 

by the farmer due to an abnormality in delivery. The mother cow was a Red Jersey breed 

giving 3rd baby and was having a delivery complication. The calf was delivered successfully 

alive without harming the mother cow by the doctor, a 20 ml blood sample was collected 

by 10 ml syringe from the vein of umbilical cord and then collected in the EDTA vial placed 

in a zip-logged bag aseptically. The collected blood sample was delivered to the lab within 

6 hours in an ice bag maintaining a cold temperature for processing. There were no signs 

of leakage, coagulation or hemolysis observed after delivery to the laboratory.   

3.12 Isolation of peripheral blood mononuclear cells and cell 

culture 

Whole Blood isolated from the cord was mixed with PBS 1:1 ratio for dilution. Divided into 

two falcon tubes of 15 ml containing 5 ml Ficoll gradient in each carefully, without mixing 

two separate layers. Then centrifuged at 1850 rpm for 45 min. Mononuclear cell layer was 

separated and taken in another sterile clean falcon tube. 5 ml PBS (“Biotech corporations” 

manufactured for RNA extraction) was added, mixed and centrifuged at 1300 RPM for 5 

min (washing). Supernatant was discarded and pellet was mixed with 5 ml complete 

media and again centrifuged at 1300 rpm for 5 min. Supernatant was discarded. The pellet 

was resuspended with 1 ml complete DMEM media. Then the suspension was transferred 

to a T25 flask containing 9 ml DMEM-low glucose complete media (10% FBS and 1% 

antibiotics). And then incubated at 370 C and 5% CO2 (Mantri et al., 2014).  
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3.13 Isolation of hematopoietic stem cells and passaging of cells 

After 2 days T25 flask was examined in the inverted microscope. The cell growth was 

observed. Adherent cells (ADC) and non-adherent cells (NAC) were differentiated by 

pouring the media in a falcon tube. The adherent cell contained in the flask was fed by 

adding 10 ml complete DMEM media. While the floating was centrifuged at 1300 RPM for 

5 min. The media was removed and the pellet was resuspended with 1 ml of DMEM media, 

then it was transferred to the new T25 flask containing 9 ml complete DMEM media. Both 

T25 flasks were incubated at 370C and 5% CO2.  In every 24 hours the culture flask of the 

adherent cell containing flask was changed for feeding and after observing more than 90% 

cell density the passaging was done. The process was repeated for several passages.  

3.14 Trypan blue staining and cell counting by hemocytometer 

100 µl of cell suspension was mixed with 100 µl of 0.4% trypan blue by using micropipette 

incubated for 3-5 minutes. 100 µl mixed suspension was placed in the edge of 

hemocytometer glass slides underneath the coverslip on it. The cell suspension was drawn 

out due to the capillary action. The hemocytometer was placed in the stage of the 

microscope and focused on the cells of the grid lines in the hemocytometer with 10X 

objectives. The stained and unstained cells were counted separately in the 

hemocytometer within the square. The hemocytometer contains 9 squares out of which 

4 corner squares contain 16 squares in it. Only the cells within those 4 corner squares 

were counted. Total number of viable cells per ml of was calculated by, multiplying the 

total number of viable cells by 2 (the dilution factor) multiplied by 10,000. The cell viability 

percentage was calculated by dividing the total viable cells by the total sum of both viable 

and dead cells (total cell count) multiplied by 100. 

3.15 Wright staining 

A thin film of cell suspension was made in a clean grease free microscopic slides and 

allowed to air dry. The slides were placed facing upwards for faster drying. The smear was 

flooded with Wright's stain and left for 3 minutes. The distilled water was added to the 

surface of the slides for dilution and left for 5 minutes. After 5 minutes the slides were 
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washed with a distilled water till the slides have thinner film of pinkish red color. The slides 

were then placed facing upwards on top of tissue paper till the slides dried completely. 

Then the dried slide was observed in the microscope (Giri., 2019.). 

3.16 Gram staining 

A thin smear was made in the clean grease free slides, the smear was exposed to small 

flame for a very short time for heat fix and left for air dry. After air dry the cells were 

flooded with crystal violet staining reagents and left for one minute. The slide was washed 

in a gentle stream of tap water for 2-3 seconds. Then the slide was flooded with mordant 

Gram’s Iodine and left for one minute. After one minute the slide was washed with a 

gentle indirect stream of water for 2-3 seconds. Then the slide was flooded by decolorizer 

and left for 15 seconds again then washed gently by tap water then the slide was flooded 

with counterstain (safranin) and left for 1 minute. Then again, the slide was washed with 

a gentle and indirect stream of tap water until no color was observed in the effluent. Then 

the slide was left for drying, placed facing upward over a blotting paper. After drying, a 

slide was observed in the microscope. Oil immersion was used to observe under 100X 

magnification (Gram Stain Protocols, 2019). 

3.17 Cell Proliferation Assay 

MTT (Thiazolyl Blue Tetrazolium Bromide) assay was performed in this study to detect the 

condition of cell proliferation. MTT solution and MTT solvent were prepared fresh just 

before starting the assay. MTT solution was prepared by mixing 25 mg of MTT salt with 5 

ml PBS (5 mg/ml) solution and vortexed to mix. It was filtered by using a syringe filter. 

DMSO was taken as MTT solvent. The cell suspension culture media from the culture flask 

were harvested in 15 ml falcon tubes and centrifuged at 500 rpm for 5 min. The 

supernatant was discarded and the pellet was resuspended with 5 ml complete media. In 

a 96 well plate culture flask the 100 µl cell suspension (containing 1216*10^3 cells ) was 

seeded in 39 wells (13x3) in 3 wells 100 µl distilled water were placed as a negative control 

and in 3 well complete cell free media was placed and left for 24 hrs incubation. On 2nd 

day, 4 different concentrations (62.5, 125, 250, 500 µg/ml) of plant extract, or Amfol plus 

(iron chakki) or 70% ethanol (vehicle control) was were prepared in distilled water and 



METHODOLOGY 

25 

added to 3 well as a triplicate of each concentration in a plate seeded and left for 

overnight incubation. On the third day 20 µl of MTT solvent was added in each well and 

incubated for 3.5 hrs at 370C, after incubation 150 µl MTT solvent was added into each 

well. After that the culture flask was wrapped with foil and shaken for 15 minutes. And 

then absorbance was read at OD=551 nm. by ELISA reader 

(https://www.abcam.com/kits/mtt-assay-protocol ) 

3.18 Data and graphical analysis: 

The data of MTT assay were analyzed by using MS Excel (Microsoft Inc) and GraphPad 

Prism 9.5.0

https://www.abcam.com/kits/mtt-assay-protocol
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CHAPTER 4 

RESULTS 

4.1 Identification of plant sample 

The plant sample selected was identified by comparing herbarium of the plant with the 

other plant herbarium and other related information in the National Herbarium and 

botanical Laboratories of Nepal, Godawori. The plant was found to be the family of 

Ranunculaceae named Clematis buchaniana DC. These shrubs are found in warm broad-

leaved to cool mixed forests growing epiphytically on the small trees and bushes and rock 

at the elevation of 460-3650 m.  

Figure 6:  The Herbarium verification by National herbarium and botanical laboratory A) 
Herbarium sample sent for verification, B) Verification certificate given by National 

Herbarium and botanical Laboratory, Godawori, Lalitpur 
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4.2 Phytochemical extraction of Clematis buchaniana.  

 

Figure 7:  Phytochemical extraction and phytochemical screening of Clematis 
buchaniana. A) Fresh Clematis buchaniana, B) Soxhlet extraction of Clematis 

buchaniana, C) Rotavapor evaporation of solvent ethanol D) Phytochemical analysis 
results 

The phytochemical extraction of Clematis buchaniana was carried out successfully by 

using soxhlet apparatus and the solvent was evaporated by using rotavapour. 0.2 g/ml 

extract was obtained in a greasy state from the extraction of 10 g of dried powdered plant 

leaves with 300 ml of 70%. In total the ethanolic extraction exhibited 20% yield i.e. 2 gram 

extract was obtained. 
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4.3 Qualitative phytochemical analysis of plant extract 

Qualitative phytochemical screening of 70% ethanolic extract of Clematis buchaniana 

showed the presence of both primary metabolites and secondary metabolites. The 

primary metabolites like carbohydrate and glycosides, protein and amino acids were 

found in extract while the secondary metabolites like alkaloids, phenolic compounds and 

tannins. Flavonoid was undetectable.  

Table 1: The qualitative phytochemical analysis of Clematis Buchaniana. 

S.N. Chemical constituent Tests Results 

1 Carbohydrates and glycosides Benedict's test  + 

2 Proteins and amino acid Ninhydrin test  + 

3 Alkaloids Wagners Test  + 

4 Phenolic compounds and tannins 5% FeCl3 test  + 

5 Flavonoids Alkaline reagents test  - 

4.4 Isolation and culture of Peripheral blood mononuclear cells 

(PBMC) from bovine umbilical cord blood. 

The PBMC cells were isolated successfully from the whole blood of the bovine umbilical 

cord by using the density gradient centrifugation method. The isolated cells were cultured 

in a complete DMEM medium at 37°C and 5% CO2. Fig  
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Figure 8:  Isolation and culture of peripheral blood mononuclear cells (PBMC) from 
bovine umbilical cord blood (UCB). A) Blood sample from the vein umbilical cord of 

freshly born calf (a) Diluted blood sample with pbs in 1:1 ratio (b), and tube containing 
two separate layers of diluted blood sample and ficoll  (c). B) Seeding of PBMC isolated 
from UCB in T-20 culture flask containing culture medium. C) Growth of cells observed 
under inverted microscope after 24 hrs of incubation. D) Cell growth observed after 48 

hrs. of incubation. 

   

4.5 Isolation of stem cells from PBMC of bovine umbilical cord blood  

After 2 days of incubation the confluent growth of the cell culture was observed. The 

culture flask contained two types of cells on it i.e., floating and adherent cells. On sub-

culturing of these two types of cells the regenerative capacity was intact. And the cells 

were found to be capable of dividing continuously. The floating cells were subcultured for 

up-to 9 passages and still had the ability to divide.  
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Figure 9: Isolation of stem cells from peripheral blood mononuclear cells (PBMC) i.e., 
passaging of cells observed in inverted microscope, A) seeding of cells isolated from 

PBMC culture, B) confluent cell growth observed after 2 days of incubation 

4.6 The isolated cells have higher viability rate and have the 

ability to divide and differentiate 

Isolated cells from PBMC show very active growth. On further subculturing the cells upto 

9th passage there is no any visible loss of growth rather, it still has active cell division. The 

fig 11- fig 17 shows the cells seeding in each passage in new culture flask and their growth 

till 9th passage. The cells were found to be confluently grown within 48 hours so, each 

passaging was done after 48 hours of incubation of cells in 5% CO2 at 37°C. 

Figure 10: 2nd passaging of cells observed in inverted microscope, A) Seeding cells from 
1st passage, B) Confluent cell growth observed after 2 days of incubation 
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Figure 11: 3rd passaging of cells observed in inverted microscope. A) Seeding of cells 
isolated from 2nd passage, B) Growth observed after 2 days of incubation 

 

Figure 12: 4th passaging of cells observed in inverted microscope, A) Seeding of cells 
isolated from 3rd passage, B) Growth observed after 2 days of incubation 

 

Figure 13: 5th passaging of cells observed in inverted microscope. A) Seeding of cells 
isolated from 4th passage, B) Growth observed after 2 days of incubation 
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Figure 14: 6th passaging of cells observed in inverted microscope. A) Seeding of cells 

isolated from 5th passage, B) Growth observed after 2 days of incubation 

 
Figure 15: 7th passaging of cells observed in inverted microscope. A) Seeding of cells 

isolated from 6th passage, B) Growth observed after 2 days of incubation

 

Figure 16: 8th passaging of cells observed in inverted microscope. A) Seeding of cells 
isolated from 7th passage. B) Growth observed after 2 days of incubation 



RESULTS 

33 

Figure 17: 9th passaging of cells observed in inverted microscope. A) Seeding of cells 
isolated from 8th passage, B) Growth observed after 2 days of incubation 

4.7 Cell cultures contain healthy and viable cells without 

contamination 

The hemocytometer reading of the cells from cell culture shows the cell viability is higher 

than 95%. In 4th passaging it was 97.32%, in 6th passaging it was 95% and in 8th passaging 

it was 98%. Which indicates the cell's viability on passaging was not affected with 

passaging. The isolated cells were healthy and had high potency. The microscopic 

observation of the cells with different staining like Gram staining, Giemsa staining and 

direct microscopic observation shows the structure of the cells and the cell culture were 

free from bacterial fungal and yeast contamination.  

Figure 18: Microscopical observation of cells from 4th passage to see if there is any 
contamination. A) Cells observed in compound microscope at 100X magnification after 

Geimsa staining, B) Cells observed in compound microscope at 100X magnification after 
Gram's staining 
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Figure 19: Microscopical observation of cells to check the possible contamination and 
cell viability, A) viable cells observed in hemocytometer by using trypan blue stain. B) 
Cell morphology observation by using Geimsa stain, C) Direct microscopic observation 

for cell morphology, without staining. D) Microscopical observation of cells to detect the 
possible fungal and yeast contaminations 

4.8 The cell culture contains hematopoietic stem cells 

By Wright staining, different kinds of cell structure were observed. Many cells are small 

spherical cells without nucleus, cells with round nucleus, cells with bilobed nucleus and 

kidney like nucleus as shown in fig.   
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Figure 20: Microscopic observation of cells from 8th passage showing differentiation to 
monocytes, lymphocytes, granulocytes and erythrocytes.   

4.9 MTT assay and cellular viability 

The color change in the treated well of the culture flask indicates the presence of viable 

cells and cell metabolism. No color change in the blank well which just contains distilled 

water and color change in the well which contain control indicates the test is reliable.  
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Figure 21: Cell culture in a 96 well plate culture flask before and after the treatment of 
MTT reagents. A) 96 well plate culture flask seeded with cells. B) The effect of MTT 

reagents in cell cultured well. 

The microscopic observation of different well of culture flasks treated with cells and MTT 

reagents show higher cellular density on the strong color well and lower cellular density 

in light colored well. The data reading of these cells by ELISA reader shows similar results. 

Cells treated with phytochemical extract have higher cell viability then the untreated 

control cells. The MTT assay was performed with plant extract. As negative control, the 

cultures were treated with Amfol plus (iron chakki) and as vehicle control, the cultures 

were treated with different concentrations of ethanol. The data obtained from the MTT 

assay on ELISA reader showed plant extract treated cells showed higher rate of cell 

viability in comparisons to the negative, and vehicle controls.  

Figure 22: Microscopic observation 96 well plate cultured cells treated with A) 
phytochemical extract, B) Amfol plus (iron chakki), C) 70% ethanol respectively before 

taking reading in an ELISA reader after MTT assay. 
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Figure 23: Cell viability by MTT assay. The columns represent mean values calculated 
from three repeats and bars represent standard error. The values of treatment, amfol 

and vehicle controls have been shown as the comparative values considering the blank 
control as 100%. 

Table 2: One way-ANOVA analysis to compare the effect of different treatments on cells 

(plant extract, ethanol, amfol plus, and control). 

{note: ***=P value(0.0001), ****=P value(<0.0001)} 

0 µg/ml 62.3 µg/ml 125 µg/ml 250 µg/ml 500 µg/ml

plant extract 100 133.391456 121.3600697 155.6233653 158.238884

Amfol plus(iron chakki) 100 93.5483871 94.59459459 94.42022668 91.4559721

ethanol 100 99.21534438 95.90235397 93.11246731 90.32258065
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Figure 24: Bar diagram presentation of One way ANOVA test with comparison of 
different treatments on cells (i.e., plant extract, amfol plus, ethanol and untreated cells). 
The columns represent mean values of treatment and bars represent standard deviation. 

{note: ***=P value(0.0001), ****=P value(<0.0001)} 

On a one way-ANOVA test to compare the effect of cells with different treatments, the 
cells treated with plant extracted show significant growth  in comparison to the cells 
treated with Amfol plus and ethanol then the control. 
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CHAPTER 5 

DISCUSSION 

The recent success in the development of corona vaccines and treating HIV has shown 

that today’s medical science has advanced a lot. But with that the pandemic of SARS-COV2 

has brought new challenges ahead. There are many diseases which are still not fully 

understood. The indigenous therapies and ethnopharmacological uses could be of great 

significance. The use of stem cell therapy in combination with the phytochemicals from 

medicinal plants could be a new hope for the upcoming and existing medical challenges.  

5.1 Verification for Clematis buchaniana DC 

Every plant has a local name in every locality. Since the plant sample was selected on the 

basis of local use and its significance as ethnomedicine its scientific name had to be 

verified by National Herbarium and Botanical Laboratory. To verify this plant sample a 

Herbarium was prepared and sent to the National herbarium and botanical laboratory. 

Based on the morphological comparison of plant herbarium sample with the standard 

herberium in their depository and studying related literature, the selected plant sample 

was verified to be Clematis buchaniana DC.  

5.2 Phytochemical extraction of Clematis buchaniana DC 

The whole plant physiology is very complex. It contains lots of primary and secondary 

metabolites along with other structural components which may have different 

characteristics. Sometimes one component may mask the effect of another and the 

desired component may be present in very small quantities. To isolate the desired 

chemical compound the phytochemical extraction is a very important process (Mosić et 

al., 2020). For effective extraction the good choice of extraction solvent and its 

concentration is also very critical. The selection of extraction solvent not only plays an 

important role in extraction but also to the purpose of extract. Based on these features 

70% ethanol for extraction holds many advantages over other solvents. 70% ethanol has 

a higher polarity than the absolute ethanol, as it contains water in it. The solvents with 
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higher polarity have a more ability to extract compounds with wider polarity, the 

extraction of phenolic as well as non-phenolic polar compounds such as carbohydrates 

and proteins could be extracted effectively. The phenolic compounds play a very 

important role in cell proliferation. The phenolic compound has a tendency to donate 

hydrogen atoms or electrons from its hydroxyl group to free radicals, because phenolics 

are plant produced metabolites which have one or more -OH groups in its aromatic form. 

These aromatic hydroxyl groups in their structure make them effective antioxidant 

compounds. The extraction of more phenolics compounds make the extract more 

antioxidant (Hikmawanti et al., 2021). Studies have shown, total antioxidant activity of 

phenolic compounds extracted by using ethanol solvent is more than that of methanol 

and acetone as solvent (Do et al., 2014). This may be because of the presence of phenolic 

compounds which exhibit more antioxidant properties. The use of Soxhlet apparatus 

involving a continuous heating process has advantages as it is a continuous extraction 

method that takes less time and solvent for extraction with high extraction efficiency. The 

high temperature and long extraction time might cause the thermal degradation so, 

although the boiling temperature of ethanol is 780C and could be heated below 780C but 

to prevent the thermal degradation of phytochemicals it was heated only up to 600C 

(Kusumawati et al., 2019; Q. W. Zhang et al., 2018). The use of rotavapor after soxhlet 

extraction make the extraction fast due to the continuous heating and rotation followed 

by the vacuum pressure 

5.3 Qualitative phytochemical analysis of extract 

This preliminary qualitative phytochemical analysis shows there is presence of primary 

and secondary metabolites. In the test, the absence of flavonoid was observed and 

presence of other phytochemicals compounds like phenols and tannins, proteins and 

amino acids, carbohydrates and glycosides, and alkaloids shows that the extraction 

process was successful. The presence of phenolics compounds shows this plant as a 

possible candidate for stimulating cell proliferation. The cell proliferation effect may be 

because of the phenolic compound present in it. There are more than 8000 phenolic 

compounds identified till now which naturally occur. The cell proliferation may be because 

of any of these compounds so further study of the extract by the separation of 
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components by HPLC and other separation methods could be done (Tungmunnithum et 

al., 2018).  

5.4 Isolation and culture of peripheral blood mononuclear cells 

(PBMC) from bovine umbilical cord blood 

The cell growth observed in the T20 culture flask shows the isolation of peripheral blood 

mononuclear cells from the blood of the newly born calf’s umbilical cord vein was 

successfully done without any contamination. DESCRIBE WHAT CELLS YOU OBSERVED. 

The isolation process was effective and the culture media was effective and 

contamination free.  DMEM low glucose with 10% FBS was used as culture media for their 

better performance to culture stem cells (Ayatollahi et al., 2012). The 0.2 microns syringe 

filter of the media was effective to prevent contamination.  

5.6 Isolations of stem cells from PBMC cells 

There are very less stem cells in a umbilical cord blood; around 1% (Watt et al., 2022), and 

rest is red blood cells (erythrocytes) and white blood cells i.e., Granulocytes (neutrophils, 

eosinophils, and basophils), monocytes, and lymphocytes (T and B cells, Dean, 2005). Both 

mature red blood cells and white blood cells do not divide. RBC don’t have Nucleus and 

the ability to respond to the growth factors while WBC do possess their nucleus which is 

terminally differentiated so even they can no longer undergo mitosis (Watt et al., 2022). 

(https://www.frsd.k12.nj.us/cms/lib01/NJ01001104/Centricity/Domain/639/what_types

_of_cells_do_not_undergo_mitosis.pdf ). Due to which these cells do not divide on 

subculture (passaging). The cell growth in subsequent subculture indicates the presence 

of stem cells. 

5.7 Presence of hematopoietic stem cells 

The microscopic observation of cells stained with Wright stain to identify blood cells. On 

Wright staining, different kinds of cell structure were observed. Many cells are small 

spherical cells without nucleus, cells with round nucleus, cells with bilobed nucleus and 

kidney like nucleus.  Based on the morphological structure and the nucleus the cells were 

https://www.frsd.k12.nj.us/cms/lib01/NJ01001104/Centricity/Domain/639/what_types_of_cells_do_not_undergo_mitosis.pdf
https://www.frsd.k12.nj.us/cms/lib01/NJ01001104/Centricity/Domain/639/what_types_of_cells_do_not_undergo_mitosis.pdf
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found to be similar with the blood. The study clearly showed the nucleated and 

enucleated cells whose morphology resembles the erythrocytes, granulocytes, monocytes 

and lymphocytes. The presence of these mature cells till 7-8 passaging indicates the 

presence of hematopoietic stem cells in the culture (Zhou et al., 2020a). 

5.8 The phytochemical extract of Clematis buchaniana helps in 

cell proliferation 

MTT assay was performed to detect the cell proliferation of cells on different kinds of 

treatment. Cells from 8th passage was taken for MTT assay. With MTT assay we found that 

the plant extract exerts 133.39%, 121.36%, 155.623%, 158.23% cell proliferations at the 

concentration of 62.3 µg/ml, 125 µg/ml, 250 µg/ml, 500 µg/ml respectively.  This data in 

comparison to the positive control clearly indicates the proliferation of cells. Amfol plus 

(iron chakki) is a supplement capsule of vitamin B12 and folic acid which is commonly used 

during pregnancy and anemia. Treatment with Amol plus showed 100%, 93.54%, 94.59%, 

94.42%, 91.45% . Hence cell growth is relatively lower than the blank control (untreated 

cells).  DMEM complete media do not possess some essential supplements (folate, vitamin 

B12 and vitamin A) to support the erythropoiesis. So, erythropoiesis might be suppressed. 

The imbalance of erythroid proliferation and differentiation shows the increase in 

erythroblast proliferation and which couldn’t produce enucleated RBCs or produce 

unhealthy RBC (Gupta et al., 2018; P. Zhou et al., 2020b). The use of Amfol plus 

supplement might treat this condition and decrease the erythropoiesis or the supplement 

might mask cell proliferation ability of the hematopoietic stem cells.   

70 % ethanol was used for the extraction of phytochemicals. So, 70% ethanol was also 

used to treat the cells to observe its effect in cell proliferation (vehicle control). The data 

obtained from the cells treated with 70% ethanol at different concentration i.e., 0 µg/ml, 

62.3 µg/ml, 125 µg/ml, 250 µg/ml, 500 µg/ml was found to be 100%, 99.21%, 95.90%, 

93.11%, 90.32258% cell growth decreasing respectively. The cell growth was found to be 

decreasing with increasing concentration. This is in accordance with the characteristics of 

ethanol. i.e., ethanol causes inhibitory effect in cell growth in cell culture (Le et al., 2012). 
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In comparison to the untreated cells, the cells treated with phytochemical extract from 

plant Clematis buchaniana resulted in significantly higher cell growth with P value 0.0286 

(P<0.05). The cell proliferation was also significantly higher when treated with Clematis 

buchaniana extract when compared with Amfol plus (iron chakki) treatment (P value 

0.0286). The cells are treated with Clematis buchaniana DC. Shows significantly higher cell 

proliferation than the cells treated with 70% ethanol (P value 0.0286). No significant 

difference was observed between the use of Amfol plus and ethanol P value 0.8857 

(P>0.05).  The overall data analysis clearly indicates the higher cell proliferation was 

observed when treated with Clematis buchaniana DC.extract than the cell treated with 

Amfol plus or 70 % ethanol and untreated cells.  

Amfol plus is a supplement commonly referred by the clinician during pregnancy to 

promote maternal health and the child's health and treat anemia. These Amfol plus 

contains folic acid and iron (III) Hydroxide Polymaltose complexes. Folic acids were found 

slightly inhibiting cell proliferation when treated to myoblast (Rednic et al., 2022). Similar 

results were observed when treated with isolated stem cells. Since these supplements 

were commonly prescribed by the doctors during menstruation and pregnancy. Proper 

study should be done to know about its effect on long term use. 

The phytochemicals have been found to inhibit some enzymes which are associated with 

the development of many human diseases and disorders. Such as, inhibition of 

angiotensin-converting enzyme (ACE) which is associated with hypertension (Rahman et 

al., 2022). They also exhibit the inhibition of carbohydrate hydrolyzing enzymes 

responsible for type 2 diabetes (Rahman et al., 2022). The inhibition of cholinesterase is 

helpful to treat Alzheimer’s disease. The phenolic compound extracted from plants has 

been found to exhibit protective activities against oxidative stress and anti-inflammatory 

properties which are helpful to treat skin related diseases, rheumatoid arthritis, and 

inflammatory disease, anti-cancer, anti-aging, antibacterial activities (Rahman et al., 

2022). Some alkaloids extracted from plant have shown to express Alkaloids express the 

antiplatelet, antioxidant, antinociceptive, anticancer and antibacterial effects and inhibit 

the cell growth by regulating various mechanism pathway of cell division (Khan et al., 

2022). The main objective of stem cell therapy is to treat and heal the disease and 

disorders, regenerate the dysfunctional and damaged cells. Main challenge in stem cell 
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therapy was found to be to control cell growth. The Phyto alkaloids and phenolic 

compounds in proper concentration play a very important role in stem cell therapy. The 

combination of stem cells and plant extracts could be the solution for stem cell therapy 

challenges (Chan et al., 2018). The proliferative phenomenon of cells treated with the 

extract of Clematis buchaniana has shown this plant does help in cell proliferation. The 

further study must be carried to understand the mechanism of this proliferation and the 

types of cell proliferated by the treatment. The effect of plant phytochemicals in stem cell 

culture may help in stem cell proliferation or differentiation to tissue cells. Phytochemicals 

like alkaloids, phenolics, tannins, flavonoids, etc contain many types of chemical 

compounds in them with different characteristics. The isolation of such specific 

compounds could be performed by using various techniques i.e., column 

chromatography, HPLC. 
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SUMMARY

Stem cells are undifferentiated cells that can perpetually divide and differentiate into 

different types of cells. These cells possess high potential for regenerative therapy. 

Umbilical cord blood (UCB) is residual blood contained in the umbilical cord discarded 

after the birth of the baby. It is rich in hematopoietic stem cells and different types other 

mesenchymal stem cells. Sample was collected from vein of bovine umbilical cord. PBMC 

was isolated from the cord blood and cultured in DMEM low glucose medium. Two 

different types of cells were isolated, among them the floating cells were subcultured for 

up to 9 passages. Gram's staining, Giemsa staining, trypan blue staining and wright 

staining were performed to observe the cell and check contamination. Till the 9th passage 

very active growth of cells were observed. These dividing cells on wright staining 

microscopy shows different types of cell population morphologically similar to blood cells 

i.e., lymphocytes, erythrocytes, granulocytes, monocytes. Presence of these cells till

8th,9th passage indicate there is the source of these blood cells i.e., hematopoietic stem 

cells. 

 The ethnomedicine Clematis buchananiana was collected and verified from the National 

Herbarium and plant laboratory. Phytochemicals from Clematis buchananiana were 

extracted by heating method Using Soxhlet apparatus with a 70% ethanol solvent. The 

preliminary phytochemical qualitative analysis of these phytochemicals express the 

presence of both Primary and secondary metabolites like carbohydrates, proteins, 

alkaloids and phenolic compounds.  The isolated cells from 9th passages were treated with 

the phytochemical extracted from the ethnomedicine Clematis buchananiana along with 

Amfol plus and ethanol. On treatment with phytochemicals, cell proliferation was 

observed while cell inhibition was observed by amfol plus and ethanol. This proliferation 

might be because of a phenolic compound present in it which is screened during 

preliminary qualitative analysis. 

The data obtained from MTT assay were analyzed by using MS Excel and GraphPad 

software. 
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Conclusions 

The present research has demonstrated that the umbilical cord blood of calves could be 

isolated and cultured in the laboratory and the MTT assay can be used to detect the cell 

proliferation. The umbilical cord blood collected from the umbilical vein of the newly born 

calf was aseptically isolated from and safely delivered to the laboratory. From that blood 

the PBMC isolation could be done successfully and cultured in in vitro medium for up to 9 

passages. In control cultures, peripheral and lymphocytic differentiation was observed in 

late passages. Umbilical blood stem cells incubated  with phytochemical extract showed 

a higher rate of stem cell proliferation. Thus it was concluded that the extract of 

ethnomedicinal plant Clematis buchaniana DC contains putative principle (possibly 

phenolics) which helps in mesenchymal stem cell proliferation. 
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APPENICES 

1. Data obtained from MTT assay analyzed by using MS Excel

2. Cell viability percentage data generated from MS Excel analyzed Graph Pad to find

P-value

Group A Group B Group C Group D 

plant extract Amfol plus etanol  pc 

133.391456 93.54839 99.21534 100 

121.3600697 94.59459 95.90235 100 

155.6233653 94.42023 93.11247 100 

158.238884 91.45597 90.32258 100 

i. Clematis buchananiana vs Positive control

Table Analyzed Data 1 

Column D Pc 

vs. vs. 

Column A plant extract 

Mann Whitney test 

P value 0.0286 

Exact or approximate P value? Exact 

P value summary * 

Significantly different (P < 0.05)? Yes 

One- or two-tailed P value? Two-tailed 

Sum of ranks in column A,D 26 , 10 

Mann-Whitney U 0 

Difference between medians 

Median of column A 144.5, n=4 

Median of column D 100.0, n=4 

Difference: Actual -44.51 

Difference: Hodges-Lehmann -44.51 
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ii. Ethanol vs plant extract

Column C etanol 

vs. vs. 

Column A plant extract 

Mann Whitney test 

P value 0.0286 

Exact or approximate P value? Exact 

P value summary * 

Significantly different (P < 0.05)? Yes 

One- or two-tailed P value? Two-tailed 

Sum of ranks in column A,C 26 , 10 

Mann-Whitney U 0 

Difference between medians 

Median of column A 144.5, n=4 

Median of column C 94.51, n=4 

Difference: Actual -50.00 

Difference: Hodges-Lehmann -49.74 

iii. Amfol plus vs positive control

Table Analyzed Data 1 

Column D pc 

vs. vs. 

Column B amfol plus 

Mann Whitney test 

P value 0.0286 

Exact or approximate P value? Exact 

P value summary * 

Significantly different (P < 0.05)? Yes 

One- or two-tailed P value? Two-tailed 

Sum of ranks in column B,D 10 , 26 

Mann-Whitney U 0 

Difference between medians 

Median of column B 93.98, n=4 

Median of column D 100.0, n=4 

Difference: Actual 6.016 

Difference: Hodges-Lehmann 6.016 
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iv. Ethanol vs Pocitive control

Table Analyzed Data 1 

Column D pc 

vs. vs. 

Column C etanol 

Mann Whitney test 

P value 0.0286 

Exact or approximate P value? Exact 

P value summary * 

Significantly different (P < 0.05)? Yes 

One- or two-tailed P value? Two-tailed 

Sum of ranks in column C,D 10 , 26 

Mann-Whitney U 0 

Difference between medians 

Median of column C 94.51, n=4 

Median of column D 100.0, n=4 

Difference: Actual 5.493 

Difference: Hodges-Lehmann 5.493 

v. Plant extract vs Amfol plus

Table Analyzed Data 1 

Column B amfol plus 

vs. vs. 

Column A plant extract 

Mann Whitney test 

P value 0.0286 

Exact or approximate P value? Exact 

P value summary * 

Significantly different (P < 0.05)? Yes 

One- or two-tailed P value? Two-tailed 

Sum of ranks in column A,B 26 , 10 

Mann-Whitney U 0 

Difference between medians 

Median of column A 144.5, n=4 

Median of column B 93.98, n=4 

Difference: Actual -50.52 

Difference: Hodges-Lehmann -51.48 
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3. The results of using crude extract of Clematis buchananiana after 24 hrs in wound

3 How scales in microscopic image were labeled? Why the magnification is not 

uniform? 

The microscopic image was labeled on the basis of size compared to the size of 

hemocytometer chamber and cell size. The magnification of microscopic images 

were not uniform because they were magnified for better visualization of cell 

structure. The scales were placed in fig to understand and compare the cell size 

and magnification. 

4 What concentration of treatments were used as described in Table 2?? 

The overall comparison of different concentrations replicates was performed by 

using Graph Pad Prism tool for One-way Anova test. 

5 Why only 9 passages of cells were cultured?? 

The cell passaging was performed to observe the potency of cells. till 9th passage 

there was no loss of cells ability to divide which was evident it has a potential to 

divide for several passages which meet our objectives and we had a limited time 

and resources which limits us for further study. 

6 Microscopic photos of cells 
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