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ABSTRACT 

Hepatocellular and colonic damage are fatal outcomes arising from liver and colon toxicity. 

Modulation of mitochondrial-mediated cell death is a strategy in these diseases management. The 

use of synthetic drugs in the treatment of these diseases presents several side effects. In folklore, 

Piptadeniastrum africanum (PA) is used for the treatment of these disorders but the mechanism has 

not been explored. This study was designed to investigate the role of bioactive compound(s) purified 

from PA on liver and colon damage via the modulation of mitochondrial-dependent cell death. 

 

The istem ibark iof iPiptadeniastrum iafricanum iwas icollected ifrom ia iforest iat iIbadan, 

identified iat ithe idepartment iof iBotany, iUniversity iof iIbadan i(UIH-22562) iair-dried, 

pulverised iand isoaked iin iabsolute imethanol ito iobtain iits iextract i(CMEPA). i iThe iCMEPA 

was ifractionated iusing in-hexane, ichloroform, iethyl iacetate iand imethanol ito iobtain itheir 

respective ifractions i(HFPA, iCFPA, iEFPA iand iMFPA) iwhich iwere itested ion imitochondrial 

permeability itransition i(mPT) ipore iopening iand iATPase iactivity i(in ivitro). i iThe ieffects iof 

the ifractions iof iPA ion iliver iand icolon itissues iwere ievaluated iin istudy i1. iTwenty imice 

(20±2g; in=5) iwere igrouped iand itreated ias ifollows, igroups i1 i(vehicle), i2, i3 iand i4 iwere 

treated iintraperitoneally iwith i25, i50 iand i100 img/kg iof iEFPA ionce idaily ifor i14 idays iand 

liver imPT iassayed. iThe iEFPA iwas ipurified iusing icolumn ichromatography ito iobtain ia ipure 

compound iwhich iwas icharacterised ias istigmasterol iby ispectroscopic itechniques. iIn istudy i2, 

forty-two imice iwere igrouped i(n=7), itreated iwith iDextran iSulphate iSodium i(DSS) iand 

Benzo{a}Pyrene i(BaP) ifor i10 days as follows, groups 1 (vehicle), 2 (oral 4% DSS), 3 (125mg/kg 

BaP), 4 (DSS+BaP), 5 (DSS+BaP and 200mg/kg of stigmasterol) and 6 (DSS+BaP and 400mg/kg 

of stigmasterol). The mice were sacrificed and colon samples prepared. Tumor Necrosis Factor-α 

(TNF-α), Interleukin 6 (IL-6), p53, Caspases 9 (C9), Bax, Bcl-2, were performed on the colon using 

immunohistochemistry. All data were analysed using descriptive statistics and ANOVA at α0.05. 

In vitro, EFPA had the highest induction of mPT pore opening (3.80, 5.60, 6.40, 8.10 and 8.90 folds) 

at 20, 60, 100, 140 and 180µg/ml, respectively and enhanced ATPase activity (0.20±0.01, 0.35±0.10, 

0.40±0.10, 0.45±0.20 and 5.20±0.80µmole/Pi/mg/protein/min), relative to the vehicle 

(0.05µmole/Pi/mg/protein/min), respectively. In vivo, EFPA caused mPT induction of 2.50, 4.90 and 

6.90 folds at 25, 50 and 100mg/kg, respectively. The toxicant groups (DSS, BaP and DSS+BaP), 

relative to the vehicle significantly increased TNF-α (40.00±1.20%, 30.00±0.90%, 34.00±1.10% vs 

15.00±0.70%), IL-6 (160.00±3.50%, 110.00±2.20%, 120.00±1.50% vs 60.00±1.50%) and p53 

(80.00±2.30%, 70.00±1.10%, 85.00±2.20% vs 25.00±0.90%) However, stigmasterol (200 and 

400mg/kg), relative to DSS+BaP significantly attenuated TNF-α (12.00±0.09%, 13.00±0.10% vs 

34.00±1.10%), IL-6 (53.00±1.30%, 50.00±1.20% vs 120.00±1.50%), p53 (40.00±2.20%,  

50.00±1.70% vs 85.00±2.20%). The DSS, BaP and DSS+BaP, relative to the vehicle increased C9 

(1.10±0.10, 0.90±0.01, 1.10±0.10ng/ml vs 0.01ng/ml), Bax (120.00%, 100.00%, 90.00% vs 

110.00%) and reduced Bcl-2 (80.00%, 75.00%, 75.00% vs 90.00%) which were modulated by 

stigmasterol.  

Stigmasterol isolated from the Piptadeniastrum africanum modulated mitochondrial-mediated cell 

death via a decrease in pro-inflammatory cytokines and levels of pro-apoptotic proteins. 

 

Keywords:        Colon damage, Cytokines, Liver, Piptadeniastrum africanum, Stigmasterol  

Word count:     490 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the study 

Inflammation, a necessary reaction of the body, allows, simultaneously with the restoration 

of damaged tissues, to get rid of dangerous signals (Farombi, 2011; Chen et al., 2018). 

Inflammation is a defence plan that has gradually evolved in multicellular organisms as a 

way to respond to aggressive factors such as tissue damage, microbial invasion, and other 

unpleasant circumstances. This mechanism helps the host cell to repel an aggressive 

invasion and also triggers the repair of damaged tissues (Chen et al., 2018). However, 

excessive inflammation leads to cell death. 

Over the years, accumulating evidence has shown that inflammation is very important in 

supporting cancer, especially the process of tumor formation (oncogenesis). The 

inflammatory environment is always important for the development of tumors (deVisser et 

al, 2006). Research shows that cancer cells proliferate easily in an inflammatory 

microenvironment and also promote mutations related to the formation of reactive oxygen 

species, which leads to DNA breakage and genomic imbalance (Grievnikov et al., 2010). 

However, it should be aware that not all chronic inflammation leads to cancer. For example, 

rheumatoid arthritis exacerbates inflammatory bowel disease and chronic liver failure 

(hepatitis), but not cancer. It can be caused by direct exposure to both dietary and 

environmental carcinogens such as heavy metals, phalate compounds, and benzo(a)pyrene. 

Toxicity of the colon result from inflammation of the colon as a result of infection through 

environmental factors (chemicals), contaminated water, poor hygiene, etc., manifested by 

symptoms such as diarrhea, weight loss, blood spots in the anal region (Abegunde et al., 

2016). A frequent origin of death, such as neurodegenerative diseases is chronic 

inflammation (Furman et al., 2019), while some orthodox drugs have shown significant 
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effects through the modulation of apoptosis pathways in experimental animals (Alatize et 

al., 2012; Kim et al., 2019). In addition, surgery, chemotherapy, and radiotherapy are also 

used to treat severe stages of relative inflammation (Chen et al., 2018). These applications 

are related with numerous problems, like high cost of drugs, as well as various side effects 

associated with chemotherapy or radiotherapy (Arruebo et al., 2011). 

Apoptosis, which is the controlled destruction of cells, often occurs to establish homeostasis 

between cell development and cell death (Hassan et al., 2014). Unregulated cell 

proliferation or an autoimmune syndrome can lead to apoptotic dysfunction. Therefore, 

apoptosis is very important, starting with the development of the embryo in the body 

throughout its life, along with tissue renewal and removal of inflammatory cells (Obeng, 

2021). It is this activity that is responsible for the necessary removal of old and damaged 

cells to ensure complete homeostasis of the cellular composition of tissues and organs 

(Kaina, 2011).  

Apoptosis plays a very important role in cell development, differentiation, proliferation 

(Bergmann, 2010) and it can be activated by DNA damage, stress, or toxin (Lopex and Tait, 

2015). Some of the diseases associated with suppression of apoptosis include cancer, 

autoimmune diseases, ischemia, and others (Xu et al., 2019). All cells have been reported 

to have an intracellular stimulus that can induce death at any time (Lavrik et al. 2005). It is 

a properly regulated and ATP-mediated mechanism that causes the initiation of a class of 

cysteine proteinases known as caspases, which through their cascade orchestrate cell 

disassembly, responsible for the proteolytic activity and cleavage occuring during apoptosis 

at aspartic acid residues. 

Several pathways can initiate or inhibit apoptosis, but the two main pathways are the death 

effector and mitochondrial-mediated pathways also known as extrinsic and intrinsic (Jan 

and Chaudhry, 2019). The extrinsic pathway depends on the binding of signalling molecules 

to a receptor present on the surface of the cell membrane, while the intrinsic pathway is 

initiated by stress, causing damage to the cell, which leads to mitochondrial outer membrane 

permeability (MOMP), resulting in the release of proteins such as cytochrome c and others. 

Apoptotic processes are controlled by the Bcl-2 family and caspases, respectively. 
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Mitochondrial modulation relates to mitochondrial-mediated apoptosis, which leads to a 

decrease in the potential of membrane and release of cytochrome c (Vianello et al., 2012). 

Pores openings are activated by calcium overload, oxidative stress and membrane 

depolarization (Carraro et al., 2020). However, the identity of the pore is not known, but it 

is thought to be opened by the interaction of a number of programmed cell death proteins 

(Flores-Romero et al., 2020). Blender et al., (2017)  reported that excessive apoptosis causes 

tissue inflammation, which is also a pathological condition that occurs when apoptosis is 

dysregulated (Boehm, 2006). 

Therefore, more effective and less toxic strategies needed to be developed (World Health 

Organisation, 2012). Recently, the progress of possible therapies with medicinal plants has 

been widely recognized due to their important biological activity, little side effects, as well 

as their low cost (World Health Organization, 2018). In addition to Western medicine, there 

is a class of traditional herbal remedies known as folk medicines that have great antitoxic 

potential. For thousands of years, medicinal plants have been used to treat different diseases, 

including epidemics. The understanding of their therapeutic properties has transformed over 

years within and among human communities (Sofowora et al., 2013). Bioactive compounds 

in plant extracts are applied in the treatment of diseases, as well as to develop new dosage 

forms in the pharmaceutical industry (Singh et al., 2007).

  

Medicinal plants have been used to treat health disorders (Singh, 2015), which contain 

active ingredients without serious side effects in relation to research studies (Wu et al ., 

2019; Payab et al., 2020). Some traditional medicinal herbs such as Senna alata traditionally 

used in Nigeria in the treatment of bacterial and fungal infections (Seenivasan et al. 2010) 

and Piptadeniastrum africanum has been reported to show great pharmacological potential 

managing malaria and intestinal disorder.

 

Piptadeniazrtum africanum) is a plant of the Mimosa family, found in different forests of 

Western Nigeria (Owoeye et al., 2018). It is called Kiryar "kurmi" in Hausa, "ofi" in Igbo 

and "agboyin in Yoruba" (Hutchison and Daiziel, 2015). It contains alternate and bipinnate 

leaflets (Burkill, 2014). Piptadeniastrum africanum can treat diseases such as malaria, 

toothache and human colon cancer (Mengome et al., 2009; Hutchison and Daiziel, 2015). 

Mengome et al., 2009 reported that it contains biologically active compounds such as 



 
 

4 

tannins, flavonoids and cardiac glycosides. Several studies on the plant have identified its 

antibacterial, antiulcer, antiproliferative, antioxidant as well as anti-inflammatory properties 

(Owoeye et al., 2018; Diamini et al., 2019).

 

1.2  Rationale of the study 

Plant bioactive components have been identified as agents that have potential therapeutic 

efficacy against disease (Mensah et al., 2019). It is well known that certain pathological 

conditions such as neurodegenerative diseases and tumor development can results due to 

dysregulation of programmed cell death (Favaloro et al., 2021).  

The development of therapeutic approaches based on the control of programmed cell death 

has recently attracted attention in connection with drug discovery. In particular, 

manipulation of mitochondrial-mediated cell death is an approach for the effective treatment 

of conditions related to apoptosis dysregulation (Oyebode et al., 2012). 

The release of cytochrome c follows the opening of the pore of mitochondrial membrane 

(Li et al., 2017). For instance, homoisoflavanone-1, a natural compound extracted from 

Polygonatum. odoratum, curing lung cancer cell death (Ning et al., 2018). Also, 

thymoquinone isolated from the seeds of Nigella sativa induced apoptosis via mitochondrial 

pathway in numerous cancer cell lines (Zhang et al., 2018).  

Studies from our laboratories also provide compelling evidence that certain medicinal plants 

modulate mitochondria-mediated cell death (Olanlokun et al., 2017, Olowofolahan et al., 

2017, Oyebode et al., 2017; Oyebode et al., 2018). Betulinic acid, a natural product in 

clinical trials, induces apoptosis through mitochondria membrane permeability transition 

opening (Olanlokun et al., 2021).  

This phenomenon has made mitochondrial-mediated cell death a universal strategy for drug 

development. Piptadeniastrum africanm are medicinal plants that are folklorically used to 

treat colon disorders and other ailments (Mengome et al. 2009; Hutchinson and Dalziel 

2015). 

It is not known whether P. africanum modulates mitochondria-mediated cell death. In 

addition, it has not be identified, the mechanism by which it prevents colonic upset. Thus, 
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it is pertinent to ascertain if P. africanum contains bioactive compounds that can modulate 

specific cell death in liver and colon diseases. 

1.3  Aim  

This research, therefore intended to assess whether P. africanum has bioactive compounds 

that can cause mitochondrial-mediated cell death in liver and colon disorder in mice. 

1.4  Specific objectives include the following: 

i. To screen for the phytochemicals of P. africanum stem bark 

ii. iTo ievaluate ithe iinductive ieffect iof icrude iextract iand ifractions iof iP. 

iafricanum ion iapoptotic ibiomakers ivia imPT, icytochrome ic, iATPase iand 

imLPO i(in ivitro) 

iii. To idetermine ithe irepresentative iprofile iof ithe imost ipotent i(Ethyl iacetate) 

ifraction ion imPT, iATPase, imLPO, icaspases i9 iand i3 i(in ivivo) i 

iv. To ievaluate ithe iplant i(PA) itoxicity ithrough ihaematological iparameters, iliver 

ifunction itest i(LFT), iRenal ifunction itest i(RFT), iantioxidant iand ihistological 

iexamination) 

v. Activity bio-guided assays of the most potent P. africanum (Ethyl acetate), will be 

carried out. 

vi. Identification and isolation of the purified compound using Gas Chromatography 

Mass Spectrometry and Nuclear Magnetic Resonance (GC-MS and NMR) 

vii. Modulatory effect of isolated stigmasterol on apoptotic biomakers (mPT, Bcl2, 

Bax, caspases 9 and 3, DNA fragmentation) 

viii. Evaluate the ameliorative effect of stigmasterol on DSS/BaP-induced colon 

toxicity and inflammatory biomarkers (TNFα, IL-6, p53) 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1  Apoptosis   

Caspase-mediated cell death, programmed death of cell type 1, can be  described as 

genetically controlled mode of self-destruction. Activation of apoptosis is induced by 

appropriate internal and external stimuli leading to DNA condensation, membrane swelling 

and shrinkage of affected cells due to stimulation of the Bcl-2 cascade of caspases (Kroemer 

et al., 2009). Apoptosis occurs in an amazing way, avoiding damage to cells and tissues 

around the affected cells, which also leads to the stimulation of an immunological response.  

After enough stimuli, unwanted cells are removed from the body through a process called 

apoptosis. Activation of the caspase cascade leads to DNA condensation, membrane 

swelling, and cell contraction.  

Therefore, apoptosis prompts the destruction of damaged or contaminated cells. Apoptosis 

can also be called regulated or programmed death cells. Unlike inflammation, apoptosis 

does not have a destructive effect on neighbouring cells; it only gently destroys the infected 

cells and destroys them without disturbing others. It has been reported that if apoptosis is 

not stopped, diseases such as diabetes mellitus and neurodegenerative can occur. Contrarily, 

apoptosis is often avoided in various types of cancer (Chen et al., 2019). Thus, it is necessary 

to decipher the essence of this process in order to develop new ideas about how to deal with 

various diseases. 

 2.2  Physiological and patological role of programmed cell death   

Apoptosis is a sequential control of cell death, often existing to maintain homeostasis 

between the rate of cell formation and cell death. It is a sequential order of cell death that 

occurs regularly to ensure a homeostatic balance between the rate of cell formation and cell 

death. Apoptosis is controlled in an organized manner to eliminate any defects in cells as 
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well as tissues. On the other hand, downregulated apoptosis may result in aberrant cell 

growth or proliferation as well as autoimmune diseases. This demonstrates that apoptosis is 

essential from the very beginning of embryonic development all the way through the growth 

of the organism.  

Apoptosis is responsible for initiating tissue renewal by getting rid of inflammatory cells. 

However, if this balancing function is disturbed, it may lead to aberrant cell growth or 

proliferation as well as other conditions such as autoimmune illnesses. As a result, apoptosis 

is regarded as an essential process in terms of embryonic development all the way through 

the growth of the organism.. Apoptosis is responsible for the destruction of cell shrinkage, 

membrane swelling, DNA protrusion, and DNA fragmentation. The B-cell lymphoma-2 

(BCL-2) anti- and pro-apoptotic protein family is responsible for regulating apoptosis 

pathways. This protein family is split into three subgroups according to its structure and 

function owing to the presence of conserved areas known as BCL-2 homology domains 

(motives of BH).  

Anti-apoptotic proteins such as (BCL-2, MCL-1, BCL-W, and AI/BFL1) and B\H3-only 

proteins such as (PUMA, NOXA, BMF), BAX and BAK, as well as proteins with multiple 

BH domains, are estimated to be the initiators and effectors of apoptosis. These proteins 

appear as oligomers, which results in mitochondrial outer membrane permeabilization 

(MOMP), followed by the release of (aspartate-specific cysteine proteases). Programmed 

cell death PCD is very well structured within the physiological systems that are used to 

repair any abnormality in cells or tissues (Moujalled et al., 2021). Cell shrinkage, membrane 

swelling, and formation of membrane protrusions and fragmentation are three well-known 

apoptotic cell disassembly processes. Proteins containing only BH3 (BIM, PUMA, BID, 

BMF, BAD, HRK, BIK, and NOXA) are critical initiators of apoptosis. Proteins with 

multiple BH domains (BAX and BAK) are the main effectors of apoptos (Redza-Dutordoir 

and Averilbates, 2016; Kelly and Strasser, 2020).  

Caspases, when triggered, break hundreds of cellular substrates, generating morphological 

evidence of apoptosis as well as cell demise (Singh et al., 2019). In multicellular organisms, 

the formation of normal tissue and the maintenance of homeostasis are dependent on the 

organization and stringent regulation of PCD signaling processes. During embryogenesis, 
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the removal of cells via the process of programmed cell death (PCD) is required to ensure 

the proper creation of particular tissues. One such example is the production of vertebral 

digits. The PCD is responsible for the formation of the central nervous system (CNS), which 

includes the brain and spinal cord. Neural architecture is established as a result of signaling 

proceedings which carefully controlled at the certain (temporal and spatial) levels.  

Apoptosis is the primary mode of programmed cell death that occurs throughout the normal 

embryonic and postnatal development of the nervous system. Apoptosis can have an effect 

on many different cell populations, such as neural progenitor cells (NPCs), differentiated 

postmitotic neurons, and glial cells. This helps to ensure that only cells that are the 

appropriate size and shape and have established the appropriate connections to their axons 

and neurites are allowed to survive (Kuan et al., 2009). 

2.3  Biochemical features of apoptosis  

Phagocytic manifestation, cleavage of protein and DNA are some of the many biochemical 

alterations of apoptotic cells that contribute to the typical pathology that was discussed 

before. Other biochemical modifications include fragmentation of apoptotic cells' 

mitochondria (Hengartner, 2000). Caspases are shown in the inactive proenzyme form. 

Once activated, caspases have the ability to often activate additional procaspases, which in 

turn allows for the fast start of proteases. The pro-caspases that have been accumulating will 

eventually become active. This activation proteolytic cascade, in which one caspase might 

trigger another caspase, contributes significantly to the process of apoptotic transmission 

and cell death. 

Caspases are the enzymes responsible for the proteolytic activity and cleavage that occurs 

at aspartic acid residues. However, various caspases have distinct relevancies, including the 

ability to acknowledge surrounding amino acids. As soon as caspases are activated, an 

apparent irreversible connection to the process of cell death seems to take place. It has been 

shown that there are a total of ten (10) important caspases, which may be broken down into 

the following categories: initiating (caspases-2, -8, -9, and -10), effector or executive 

(caspases-3, -6, and -7), and inflammatory (caspases-1, -4, and -5) (Rai et al., 2005). 
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2.4  Extrinsic pathway  

Interactions mediated by transmembrane receptors, which are members of the tumor 

necrosis factor (TNF) receptor geneisuperfamily, are included among the 

extracellularisignalling pathways ithat are responsible for the initiation of a programmed 

cell death (Locksley et al., 2001). The family have extracellular domains that are rich in 

cystidine and a region in the protoplasm known iasithe "death domain" that has around i80 

amino acids (Ashkenazi and Dixit, 1998). Because of this, an essential role in the process 

of signaling ideath ifrom ithe icell isurface ito ithe iintracellular isignaling isystem iis 

eliminated. iTo ithis ipoint, ithe iligands iand icomparable ideath ireceptors ithat ihave ibeen 

found iinclude iTNF-/TNFR1, iFasL/FasR, iand iothers i(Rubio-Moscardo iet ial., i2005). 

The result of the programmed cell death imay ibe ipredicted ibased ion ithe isequence iof 

events ithat itake iplace. iThese iprocesses iare iindicated iusing imodels isuch ias 

FasL/FasR iand iTNF-/TNFR1, iin iwhich ireceptors iconstruct ia ihomologous itrimeric 

ligand, iadaptor iproteins iare irecruited, iand ideath idomains ilink ireceptors i(Vajant, 

2002). iThe iproteins ithat iare iproduced ias ia iconsequence i(FADD ior iTRADD) ilink 

to iprocaspase i8, iwhich iresults iin ithe iformation iof ia ideath-inducing isignaling 

complex i(DISC) ithat itriggers ithe iautocatalytic itripping iof ipro-caspase i8. i(Hsu iet al., 

1995). Theiactivationiof caspase i8 marks the beginning of the execution stage of apoptosis 

(Hitoshi et al., 1998). 

2.5  The Perforin / Granzyme way 

The T cell-mediated cytotoxicity, also known as CTLs, is a type IV hypersensitivity 

variation that has the ability to kill chosen cells from the outside. The primary method of 

CTL-induced apoptosis is the ligand and receptor connection (Kawamura et al., 2019). 

Granules include a number of serine proteases, the most important of which are grandzymes 

A and B. (Pardo et al., 2004). It has been reported that pro-caspase 10 can enhance death 

signal through intrinsic apoptotic mechanism by specifically cleaving BID with release of 

cytochrome c. The activation of pro-caspase 10 was caused by the separation of grandzyme 

B from other proteins at an aspartic residue, and it has also been reported that this separation 

triggered pro-caspase 10. (Russell and Ley, 2002). Granzyme B has the ability to trigger 
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apoptosis by skipping steps in the signaling pathway's ascending sequence, which results in 

the activation of caspase 3 directly. 

Granzyme A induces programmed cell death via caspase-independent routes, in addition to 

playing a crucial part in cytotoxic T cell-induced cell death. Granzyme A is responsible for 

the cleavage of DNA by DNase NM23-H1 (Fan et al., 2003). This plays an important role 

in immune surveillance, which helps put an end to cancer by causing apoptosis in tumor 

cells. Apoptotic DNA is destroyed when SET, the nucleosome assembly protein, is cleaved 

by grandzyme A protease. This frees up NM23-H1 inhibition, which allows apoptotic DNA 

to be degraded. In addition to its involvement in M23-H1 inhibition, the SET complex 

(composed of SET, Apel, pp32, and HMG2) plays an important part in the structure of 

chromatin and the repair of DNA (Lieberman and Fan, 2003). However, granzyme A's 

ability to inactivate this complex, which de turn obstructs the preservation of DNA integrity 

and chromatin structure, is what ultimately leads to the promotion of apoptosis. 

 2.6  Intrinsic pathway 

High size of cytoplasmic calcium, reactive oxygen species (ROS), among other stimuli 

initiates the mitochondrial-mediated intrinsic pathway (Shoshan-Barmatz and Ben-Hail, 

2012). Intracellular signals that can manifest in positive and negative manners are produced 

by stimuli that strat intrinsic apoptosis pathway. Negative signals bring about apoptosis in 

the absence of growth factors, cytokines, the death events will be suppressed, hence 

apoptosis.  

The induction by these istimuli results in morphological changes causing opening of 

mitochondrial permeabilityitransition pore i(MPTP). The opening iof ithe ipore sequestered 

pro- iapoptotic iproteins isuch ias icytochrome ic iinto ithe icytosol ifrom iintermembrane 

space i(Garrido iet ial., i2006). i iThese iproteins istimulate iproteinase-dependent iintrinsic 

pathway iof iapoptosis iforming i“apoptosome” iby ibonding iApaf-1 ialongside ipro-

caspase i9 i(Hill iet ial., i2004). icaspase i9 iis itriggered iby iits iinactive iform, ipro-

caspase i9. iOther ipro-apoptotic iproteases iincluding iSmac/DIABLO ipromotes apoptosis 

by ipreventing iinhibitors iof iapoptosis iproteins i(IAPs) i(Schimmer, i2004). iIt ihas ibeen 

revealed ithat, ithere iare imitochondria iproteins ithat idown iregulate iIAP ibut ian 
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iexperiment ion igene iknock iout isuggests ithat ionly iIAP iinteraction imay ibe 

iinsufficient iconfirmation idesignating i“pro-apoptotic” i(Yuan et al., 2011) 

Other igroups iof iproapoptotic iproteins ifree ifrom iinner imitochondria iare iAIF, 

iendonuclease iG, iand iCAD, iwhich itakes ieffect iafter icell ideath. iAIF igets ito ithe 

inucleus iand ibring iabout ifragmentation iof iDNA iinto i֊50 i– i300kb ifragments iwith 

icondensation iof ichromatin i(Joza iet ial., i2001). iThe inuclear icondensation iof ithis 

itype iis iknown ias i“stage i1” icondensation i(Susin iet ial., i2000) iEndonuclease iG 

iproduce ioligonucleosomal ifragments iof iDNA iby isplitting ifrom inuclear ichromatin 

iin ithe inucleus i(Li iet ial., i2001). iThe iboth iof iAIF iand iendonuclease iG iperform 

itheir ifunctions iin icaspase-dependent iorder. iFurthermore, iCAD iliberated ifrom ithe 

imitochondria ifragmented ioligonucleosomal iDNA iafter icleaving icaspase i3 iin ithe 

inucleus i(Enari iet ial., i1998) igiving irise ito”stage i11” icondensation i(Susin iet ial., 

i2000). i 

These iapoptotic imitochondrial ievents iare icontrolled iand iregulated iby ithe iBcl-2 

iproteinase ifamily i(Cory iand iAdams, i2002). iThe ip53 iis ian iimportant iprotein iin ithe 

imanagement iof iproapoptotic iproteins iof ithe iBcl-2 ifamily; inevertheless, ithe 

iprocesses iare iyet ifully iunderstood i(Schuler iand iGreen, i2001). iThese iproteins 

iregulate imPT ipore iand icould ibe ianti-survival i(Bcl-2, iBcl-x, iBCl-XL) ior ipro-

survival i(Bax, iBak, iBid), iapoptosis. 

These iare iof iparticular iimportance ibecause ithey ican idetermine iwhether ia icell 

undergoes iapoptosis ior iterminates iit. iBelieving ithat ithe icourse iof iaction iof iproteins 

these iproteins iis ithe iregulation iof ithe irelease iof icytochrome ic ifrom imitochondria to 

cytosol iby ichanging ithe ipermeability iof ithe imitochondrial imembrane. iSeveral 

possible iactions ihave ibeen iexplored, ibut inone iis iconclusively iproven. iThe icleavage 

between iBid iand icaspase i8 igive irise ito imitochondria idistruption i(Li iet ial., i1998; 

Esposti, i2002). iAt iphosphorylation iof iBad, iit iwill ibe itaken iup iby i14-3-3 iand 

isolated iin ithe icytosol, ibut imove ito imitochondria ito igive iaway icytochrome ic iif inot 

phosphoryated i(Zha iet ial., i1996). 

Bad ican ialso iheterodimerize iwith iBcl-X1 ior iBcl-2, ineutralizing itheir iprotective 

effect iand ipromoting icell ideath i(Yang iet ial., i1995). iWhen iBcl-2 iand iBcl- iXl iare 
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inot isequestered iby iBad iobstruct imitochondria ifrom ireleasing icytochrome ic, iof 

iwhich ithe itechnique iisyet ito ibe iunderstood. 

The iinvolvement iof iBcl-2 ifamily imembers, iPUMA iand iNoxa icannot ibe 

overemphasized iin iproapoptosis. iPUMA iis isignificant iin ip53-mediated iapoptosis; iits 

overexpression iin ivitro ihas ibeen ishown ito ifollow iwith iincreased iBax iexpression, 

conformational ichanges, itransferring iinto imitochondria, irelease iof icytochrome ic iand 

decrease iin imitochondria imembrane ipotentiality i(Liu iet ial., i2003). iNoxa iwhen 

localizes ito imitochondria ican irelate iwith ianti-apoptotic iBcl-2 ito igive irise ito icaspase 

9 iactivation i(Oda iet ial., i2000). iThese iproteins imodulate iapoptosis iby iinduction iof 

genetoxic idamage iand ioncogene iactivation. i 

2.7 Mechanism of action  

Both extrinsic and intrinsic pathways terminate during the execution phase, which is 

considered the terminal pathway of apoptosis. This phase of apoptosis begins with the 

activation of executive caspases which in turn switch on cytoplasmic endonuclease and 

proteinases to destroy nuclear material and cytoskeletal proteins respectively. The executors 

cysteine proteases 3, 6 and 7 operate by cleaving varieties of substrates such as cytokeratins, 

PARP in the end produce morphological and biochemical alterations observed in apoptotic 

cells (Slee et al., 2001).  

Caspase 3 can be initiated by any initiator caspases and this particularly makes it the most 

essential among the executor caspases. Caspase-3 categorically trips the CAD 

endonuclease. In multiplying cells, it forms a complex with its ICAD inhibitor while in 

apoptotic events, the activated executor caspase 3 splits ICAD to liberate CAD (Sakahira et 

al., 1998). Chromosomal DNA is then damage by CAD causing chromatin condensation in 

the nuclei. Apoptotic bodies are generated by induction of cytoskeletal reorganization by 

caspase 3. An actin-binding protein gelsolin activates caspase 3 and normally acts just like 

a nucleus for actin polymerization, it binds phosphatidylinostitor bisphosphate, cleaves 

fragments and actin filaments distrupting cytoskeleton and signaling (Kothakota et al., 

1997). 
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The final stage of programmed cell death is phagocytic engulment where a distinctive 

feature of the phase is the asymmetry of phospholipids and the appearance of ‘eat me shock’ 

phosphatidylserine (PS) on the outer surface. Nevertheless, the mechanism is not entirely 

clear. Studies show that Fas, caspases-8 and -3 are engaged in the management of 

emergence of PS on erythrocytes (Ferraro-Peyret et al., 2002; Mandal et al., 2005). The 

showing of PS on outside sheet of the event ease non-inflammatory awareness by 

phagocytes granting their early pick up and removal (Fadok et al., 2001). The activity of 

prompt and well-mannered absorption without the liberation of cell components ends in 

little or no inflammation.  
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Figure 2.1: Schematic representation of apoptosis events (Yang and Chaudhry, 2019) 
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2.8  Reactive oxygen species 

Reactive oxygen species (ROS), a term that covers all highly reactive oxygen-containing 

molecules including free radicals. Types of ROS include hydroxyl radical, radical anion 

superoxide, peroxide hydrogen, singlet oxygen, radical oxide nitrogen, radical hypochlorite 

and various peroxides lipids. Everything that are able to react with membrane lipids, nucleic 

acids, proteins and enzymes, as well as others small molecules can lead to damage cells. 

However, they are generated in several ways (Jacob, 2008). Therefore, such things like 

energetic exercises that accelerate cellular metabolism; chronic inflammation, infection and 

others diseases; impact allergens and presence syndrome elevated intestinal permeability; 

and toxins such as cigarette smoke, pollution from environments, pesticides and insecticides 

can enhance oxidative stress. 

2.9 Antioxidants 

2.9.1.  Protective effects of antioxidants  

In addition to dietary antioxidants organism relies on the various endogenous defence 

systems that help protect cells from harm caused by free radicals.  

Antioxidant enzymes - glutathione peroxidase, catalase and superoxide dismutase (SOD) 

and others. Antioxidant enzymes metabolize oxidative damaging intermediate products and 

require cofactors dietary trace elements such as selenium, iron, copper, zinc and manganese, 

for maximum catalytic activity. It turned out that inadequate consumption of these trace 

elements in diet maybe place under threat the efficacy of systems antioxidant defence. 

Research also suggests that consumption and absorption of these critical trace elements may 

be decreased with ageing. Despite addition, rural farms have contributed to significant 

exhaustion of these critical trace elements in our soils and products food grown in them. 

Reduced Glutathione, important water-soluble antioxidant, synthesized from glycine, 

glutamate and cysteine amino acids. Glutathione directly inhibits ROS, such as lipids 

peroxide and as well plays important role in metabolism of xenobiotics.i i i 
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2.9.2 Antioxidant enzymes 

2.9.2.1 Glutathione - S – transferase (GST) 

Glutathione-S-transferase (GST) represents an enzyme that involved in detoxification of 

wide spectrum compounds and in the reduction damage red blood cell from free radicals. 

Enzyme is used as partner for mergers for many recombinant proteins. GST identification 

is used to carry out Western blotting or, easier speaking, enzymatic analysis. It plays an 

important role in cellular detoxification, protecting macromolecules from attack by reactive 

electrophiles, environmental carcinogens, reactive oxygen species and chemotherapeutic 

agents (Protéga et al., 2022). The ienzymes iprevent icells iagainst itoxicants iby 

conjugating ithem ito iglutathione, ithereby ineutralizing itheir ielectrophilic isites, iand 

making ithe iproducts iwater isoluble i(Cooper iet ial., i2010). iMost isoluble iGSTs iare 

active ias idimers iof isubunits iof i23–30 ikDa iwith isubunits iof i199–244 iamino iacids 

in ilength i(identical, ihomodimers ior idifferent, iheterodimers) isubunits, iand ieach idimer 

is iencoded iby iindependent igenes ias ireported iby iNissar iet ial., i(2017). 

2.9.2.2 iCatalase i(CAT) 

Catalase iis ian iantioxidant ienzyme ipresent iin imost iaerobic icells. iIt iserves ito iprotect 

organism ifrom iH2O2, istrong ioxidants, iwhich imaybe icause iintracellular idamage. iIt iis 

found iin ihigh iconcentrations iin ierythrocytes iand iliver, iand imore ilow iconcentration 

found iin iskeletal imuscles, ibrain iand iheart. iMeasurement iof ithe iactivities iof icatalase 

may ibe iuseful ias itool iresearch iat icertain idiseases isuch ias ispicy ipancreatitis iand 

some idiseases iin ithe iliver, iat iwhich ivalues ielevated. iEach iunit icatalase idecomposes 

1 iμM iH2 iO2 iper iminute iat i25°C iand ipH i7.0. iAnalysis iof icatalase icomplements 

antioxidant ibiomarkers iand icould ithen irepresent ione iof ithe iuseful itools ito istudy 

oxidative istress. iCatalase ireacts iwith iknown iamount iof iH2O2, ireaction istop ismooth 

across iin ione iminute iwith iinhibitor icatalase. i i i i i i i i i i i i i i i i 

2.9.2.3 Superoxide dismutase (SOD)  

Superoxide dismutase is an enzyme that helps split potentially harmful molecules oxygen 

in cells. This can prevent damage tissues. Investigation is on, in order to discover its useful 

significant in ameliorating diseases. It is considered that harmful molecular oxygen plays 
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good role in the disease management. It catalyses the dismutation of superoxide to hydrogen 

peroxide:  

O2
- +O2

- + 2H+                        H2O2 + O2, …………………..…………………………….2.1 

the hydrogen peroxide will then be removed by catalase or glutathione peroxidase.  

2.9.2.4 Reduced Glutathione (GSH)  

Reduced glutathione (GSH) is main intracellular low molecular weight thiol, consisting 

from glutamine acids, cysteine and glycine. Significant roles are palyed by glutathione in 

cellular protection from redox imbalance in cells mammals. Cellular redox control is crucial 

in cell-matrix interaction (Rosenberg et al., 2019). 

Glutathione may be found in two different states, reduced (GSH) and oxidised (GSSG), 

inside the boundaries of cellular structures. Less than 10% of the glutathione available in 

healthy cells and tissues exists in the disulfide form (GSSG), whereas more than 90% of the 

total glutathione pool is present in its regenerative state (GSH). The glutathione reductase 

enzyme, which converts GSH from its oxidised form (GSSG), is constitutively active, and 

oxidative stress further increases its activity. its higher quantity of GSH is explained by 

these factors. An indication of oxidative stress, the increased ratio of GSSG to GSH is seen. 

By giving other unstable reactive oxygen species (ROS) regeneration counterparts, the thiol 

group of glutathione facilitates the repair process in such circumstances. As a consequence, 

these unstable ROS mix with the unstable GSH to generate stable GSSG molecules, which 

in turn stabilise as a result of their interaction. Because glutathione is so highly concentrated, 

this dominating reaction takes place. Under the influence of the enzyme glutathione 

reductase, GSSG is subsequently converted back into GSH. 

Glutathione not only helps the body fight oxidative stress but also is essential for the support 

of exogenous antioxidants like vitamins C and E. Its presence is essential for the immune 

system to operate properly and at its best. In addition, glutathione plays important roles in 

a wide range of metabolic and biochemical processes, such as the production of proteins 

and prostaglandins, DNA synthesis and repair, maintenance of disulfide bonds in proteins, 
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enzyme activation, and the transport of amino acids across cellular membranes (Traber and 

Stevens, 2011). 

2.10 Lipids Peroxidation (LPO) 

It is a mechanism for cellular damage in both plants and animals and is used as indicator for 

oxidative stress in cells and tissues. Peroxides lipids unstable and decompose to form row 

integrated connections, including reactive carbonyl connections. Peroxides polyunsaturated 

fatty acids decompose to form malondialdehyde (MDA) and 4-hydroxyalkenals (NAE). The 

MDA measurement was used as indicator of lipids peroxidation. Lipid peroxidation in 

biological membranes can lead to decreased membrane fluidity and membrane potential, 

increased permeability to H+ and other ions, and disruption of organelle or cell integrity (Su 

et al., 2019). The termination process is the last stage of lipid peroxidation. During this 

process, LOOs either undergo a reciprocal causal nexus or self-destruct and in this way go 

on to form non-radical products. Despite their potential to breakdown when exposed to high 

temperatures or by contact with transitional metal ions, LOOH is a compound which 

remains stable at physiological temperatures (Suzan et al., 2021). 

2.11  Phytochemical compounds 

2.11.1  Alkaloids 

Alkaloids represent the group naturally occurring chemical compounds and they have 

connections with weak acidic substance. Certain refined structures also classified as 

alkaloids. Besides carbon, nitrogen and hydrogen alkaloids may contain also oxygen, sulfur 

and less other elements, for example chlorine, bromine and phosphorus. 

2.11.2 Glycosides 

Glycoside is molecule in which sugar react with carbohydrate-free part, these may be 

organic molecule. Glycosides involve in several good  roles in the living organisms and they 

house chemical substances in inactive  form of glycosides. The activation is done by 

enzymatic hydrolysis (Dang et al., 2007).  
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2.11.3 Tannins 

Tannin (could also be called vegetable tannin, natural organic tannin or sometimes tanniod, 

i.e. bimolecular substance, unlike from contemporary synthetic tannin) represents 

astringent, bitter polyphenolic compound vegetable origin, which binds and precipitate 

proteins and various other organic connections including amino acids and alkaloids (Anwar 

et al., 2006).    

2.11.4 Saponins    

These are  chemical connections that occur in natural sources commonly found in different 

types of plants. Precisely, they are grouped phenomenologically on foaming product at 

shaking in water solution and structurally on their glycosidic fragments in combination with 

a lipophilic derivative triterpene (Hostettmann et al., 2000). 

 

2.11.5 Flavonoids 

Flavonoids (or bioflavonoids) from Latin the words flavus, signifies yellow color in nature, 

belongs to the class of secondary metabolites plants. Flavonoids were called vitamins group 

B (probably due to their influence on the permeability capillaries vessels) from the mid -

1930s to early 50s (Huang et al., 2015). 

2.11.6 Steroids  

Steroids form group structurally related to tetracyclic triterponoids, structure which founded 

on the skeleton of 1,2- cyclopentanophenatrene . From the point of vision of biosynthesis, 

they are formed as a result enzymatic oxidation of squalene followed by cystalisation. They 

occur naturally in plant, animals, and fungi, the most famous type animal’s sterols is 

cholesterol, which works efficiently for keeping the structures and integrity of animals 

membranes and as fat soluble vitamins and steroid hormones (Strobel et al., 2003).  
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Figure 2.2: Structure of Stigmasterol (Nualkaew et al., 2015) 
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2.12  The Liver 

At the beginning of intrauterine life, the liver is the first organ through which many 

substances enter other tissues (Virtanen, 2023). The liver, a vital organ in vertebrates, carries 

out a variety of tasks, including digesting, protein synthesis, immunity, and metabolite 

detoxification. It also creates the biochemicals needed for development and digesting. The 

liver, which makes up around 2% of the body's weight, is located under the diaphragm, 

more precisely in the right upper quadrant of the belly. Two basic kinds of liver cells 

parenchymal cells and non-parenchymal cells are visible when the architecture of the liver 

is examined under a microscope. A total of two blood vessels feed the liver, with the hepatic 

artery supplying 25% of the blood and the portal vein providing around 75% of it.  

The liver, a recognised specialised biliary tissue, carries cholesterol and bile acids that help 

break down fat. Among the symptoms and indicators of liver illness include 

thrombocytopenia, coagulopathy, gastrointestinal bleeding symptoms, and jaundice. There 

are two different kinds of cells that make up the sinusoids of hepatocytes that line the liver's 

structure: sinusoidal endothelial cells and phagocytic Kupffer cells. Hepatocytes make up 

the majority of the tissue in the liver, which is highly specialised and controls a variety of 

important biochemical processes. Small and complex molecules are created and broken 

down during these processes, many of which are necessary for maintaining healthy living.  

Also, there are many different estimates of the liver's overall number of functions; 

nonetheless, the literature generally suggests that there are 500 or more. Lack of liver 

function in the long term cannot be tolerated, although liver dialysis techniques may be used 

in the short term. An artificial liver is not intended to provide long-term replacement in the 

absence of a liver. As of 2018, liver transplantation is the only remedy to complete liver 

failure. 

. 

              

  

https://translate.google.com/translate?hl=en&prev=_t&sl=auto&tl=en&u=https://translate.google.com/translate%3Fhl%3Den%26prev%3D_t%26sl%3Dauto%26tl%3Dru%26u%3Dhttps://en.wikipedia.org/wiki/Liver_failure
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Figure 2.3: Liver structure (Virtanen et al., 2023)   
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2.12.1  Mechanism of hepatotoxicity 

Failure in clinical trials leading to drug withdrawal has been associated with hepatotoxicity 

(David and Hamilton, 2010) and this is evident in animals such as rabbits, cats, monkeys, 

fish and poultry (Rahman et al., 2020), Gossypol, an example was given for juvenile Halibut 

(Scophthalmus maximus) has been associated with a pro-inflammatory cytokine state as 

well as activation of many drug promotions in the pharmaceutical industry due to increased 

toxicity, and the liver is known to be the site of metabolic toxic reactions that are associated 

with xenobiotic compounds, phases 1 and 2, which are then secreted by phase 3 vectors. 

 Hepatotoxicity has been reported in ruminants, pigs, rabbits, dogs, cats, monkeys, poultry 

and fish. In a number of species (especially in sheep, pigs, broiler chickens, rainbow trout 

and catfish), there is a predominant accumulation of gossypol in the liver (Alexander et al., 

2008). Feeding of gossypol to juvenile halibut (Scophthalmus maximus) has been associated 

with pro-inflammatory cytokine status, activation of unfolded endoplasmic reticulum 

protein, cellular stress response, and liver fibrosis (Bian et al., 2016). 

The most frequent reason novel compounds are removed from consideration for therapeutic 

development in the pharmaceutical industry is because of their high toxicity. In order to 

exclude potentially hazardous chemicals from further research and development, it is 

believed that the field of toxicogenomics would make it easier to discover toxic effects and 

the molecular processes behind their manifestations during the preclinical testing phase. 

Combinations of different plants are what make up herbal treatments, and these mixtures 

are a key source of both heterogeneity and toxicity due to their composition (Hussain et al., 

2019). Misidentification of the plant as something else, contamination with pesticides, 

exposure to heavy metals or organic solvents, microorganisms, or radiation are all potential 

causes.  

Plant foods that have been tampered with on purpose may include chemicals or hormones. 

Research on medicinal plants that makes use of approaches to the use of omics-based 

technologies (genomics, transcriptomics, proteomics, and metabolomics) may assist in the 

identification of the toxicity associated with herbal medicine. Since orally consumed herbal 

medicines are first processed in the liver by phases I and II enzymes, and subsequently 

eliminated by phase III transporters, toxic responses in the liver are typical of a large number 
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of naturally occurring xenobiotic substances. Existing toxicogenomic approaches need to 

be modified so that they can be applied to toxicology research on medicinal plants. These 

modifications must be made in terms of appropriate in vitro and in vivo test models, 

experimental reproducibility, the development of predictive models, appropriate software 

tools for data analysis and databases, the identification and validation of biomarkers, and 

methods for quantitatively modelling association and structure-activity. Despite the fact that 

toxicogenomics of medicinal plants and herbal products is still in its infancy, omic 

technologies are interesting tools for predicting the effects of herbal medicine, both the 

intended and the unwanted consequences. 

 2.13  Gastrointestinal tract (GIT) 

2.13.1  The Colon 

The colon is responsible for the absorption of electrolytes, short chain fatty acids, water, 

and the metabolites of bacteria. The epithelium of the large intestine has far more densely 

packed cell connections than the epithelium of the small intestine does. Ions cannot redifuse 

through these substances as a result of this obstruction. Because of this, the enterocytes that 

line the colon are capable of absorbing sodium ions to a greater degree than those that line 

the small intestine (Spainhour, 2007). In contrast to the walls in the abdomen and caecum 

do not contain a continuous layer of longitudinal smooth muscles. Therefore, peristaltic 

contractions cannot occur in the proximal 85 percent of the colon at this point. There is 

evidence of rhythmic segmentation in the absence of damage to the orbicularis muscle.  

Retropulsion is generated by rhythmic segmentation, but the colon does not undergo 

peristalsis as a result; this enables the colon to perform its job as a storage organ (Belberg, 

2017). The proximal and middle colon both experience orthograde and retrograde 

contractions (Sarna, 1991). In addition to cytochrome P450 isoenzymes, the human colon 

also contains uridine diphosphate (UDP)-glucuronosyltransferase (McKinnon et al., 1993: 

Peters et al., 1991). Through either direct contact or systemic pathways, a variety of 

medications and therapeutic substances have the potential to modify the colon and/or the 

function of the colon (Ernest, 2010). 
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The bacterial alpha-glucuronidase found in the colon is used by the microbiota to hydrolyze 

some of the hydrolysates and xenobiotics that are still present. Microbes in the gut are 

responsible for the increased enterohepatic circulation of drugs such as phenytoin, 

phenacetin, diethylstilbestrol, and warfarin. In addition, these bacteria are responsible for 

the conversion of methylmercury to its inorganic form. The contents of the colon are slowly 

moved aborally by the colon, which keeps any leftover material in the distal colon and 

regurgitates those contents when a person defecates (Sarna, 1991). Because the mucosa of 

the colon does not have villi, the area available for absorption in the colon is much less than 

that of the small intestine. 
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Figure 2.4: Colon Structure (Hoffman, 2020) 
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2.13.1.1 Types of intestinal cells 

Progenitor cells in the crypts create various gut epithelial cell types through Notch signaling 

(Sander and Powell, 2004). Intercellular communication through Notch pathways regulates 

embryonic and adult cell development via genes. Enterocyte excision pathways determine 

whether intestinal epithelial stem cells become secretory or absorptive. The ligand is a 

transmembrane protein expressed in one cell type that binds to a notch receptor (notch 

protein) on the cell membrane of another cell type. This binding interaction modifies gene 

expression in the receptor-expressing cell, enabling its differentiation into an engulfing 

enterocyte. The ligand-receptor binding appears to organize cells into cell types needed for 

tissue and organ differentiation. 

Enterocyte progenitor proliferation requires Notch and Wnt signalling, but cell type 

differentiation does not. Wnt-Notch synergy causes intestinal adenomas. Cell turnover is 

fastest in the intestine. A new born piglet's epithelium renews every 7 days. Mature intestine 

turnover is 2–3 days. Except for enteroendocrine and Paneth cells, immature cells mature 

as they slide along the basement membrane to the villous tip extrusion zone, where 

senescent cells undergo anoikis and become part of the feces. 

 2.13.1.2 Mechanism of intestinal toxicity 

Any colon inflammatory disease may predispose to toxic megacolon (TM), as shown by 

ulcerative colitis (UC) and chron’s disease (CD). TM is an uncommon but lethal 

consequence of any colon inflammatory condition. Anticholinergics, electrolyte imbalances 

including hypokalemia, and diagnostic procedures like barium enema and colonoscopy may 

also cause TM. 

2.14 Toxicants  

2.14.1 Benzo{a}pyrene (BaP) 

Furan-like polyaromatic hydrocarbon (PAH) with yellow crystals, has hydrocarbons with 

two or more benzene rings, moderately soluble in water, whereas lipophilic compounds are 

very soluble. One of the most hazardous PAHs. It may be adsorbed by solid particles. In 

water or on solid particles, ultraviolet radiation photolyze benzo(a)pyrene. O2, SO2, NO2, 

and sulfonic acid react with it. It may be degraded by soil microbes. 
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Air, soil, and water are present in BaP. It is known that benzo(a)pyrene is extensively 

dispersed in aquatic creatures and comes from crude oil (petrogenic), incomplete 

combustion of organic matter (pyrogenic), breakdown of organic matter (biogenic), and 

biotransformation in sediments (diagenetic). It is a category 1 carcinogen according to the 

IARC. 

Benzo(a)pyrene is carcinogenic, teratogenic, neurotoxic, reproductive toxic, and 

immunosuppressive in animal models. Lipid peroxidation, regulated cell death, and 

epigenetic alterations may result. Oral or inhaled access is possible. Inhalation causes lung 

cancer alone, while oral exposure may cause lung cancer and others (von Einem et al., 

2011). 

This toxicant enters the body by inhalation or ingestion and travels to many organs through 

the circulatory and lymphatic systems. It attaches to the nucleus' aryl hydrocarbon receptor, 

expressing a mixed-function oxygenase enzyme system, and undergoes both phase 1 

functionalization and phase 2 conjugation in the organs. BaP is metabolized by phase 1 

enzymes CYP1A1, CYP1A2, and CYP1B1. Epoxides are initially processed by the enzyme. 

Phenols or dihydrodiols may spontaneously arise from the metabolite. The latter may be 

converted to mixed function oxidase (MFO) enzymes to generate active optical isoforms of 

dihydrodiol epoxides, such as anti-BaP 7,8-diol-9,10-epoxy (anti-BPDE). This kind of 

DNA adduct causes cancers in humans. Sulfate, glucuronic acid, and glutathione may 

conjugate BaP metabolites during drug metabolism. 

Administration method affects this toxicant's absorption. Its hepatic first pass impact 

reduces systemic blood flow, making oral administration less deadly. The first pass effect 

is skipped and the toxicant circulates directly in the body through the inhalation and 

cutaneous pathways, enhancing bioavailability. Its metabolism may also be affected by gene 

expression of metabolizing enzymes. Polymorphism is genetic. 
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 Figure 2.5: Chemical Structure of Benzo {a} Pyrene (Bukowska et al.,, 2022) 
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Figure 2.6: Mechanism of BaP action (Myers et al., 2021)   

  

  

 

 

 

 



 
 

31 

2.14.1.2  Source of human exposure 

Tobacco smoke is one of the pathways for BaP to enter the environment. It is estimated that 

the primary smoke inhaled by a smoker contains 1-1.6 µg BaP per pack of cigarettes. 

Secondary smokers typically consume about 52-95 ng of smoke from a primary smoker. It 

can also be found in water bodies as a result of water erosion and various industrial 

activities. 

2.14.1.3  Impact of chronic exposure on health 

A strong evidence showed that chronic associate with  BaP accelerates detrimental 

wellbeing effects. This occurs as a result of bioaccumulation of the toxicant without 

significant excretion from the body. These adverse conditions include difficulty breathing, 

chest congestion, hematemesis, chronic skin injury, 

An epidemiological report showed that BaP causes genotoxicity. This toxicant result in the 

formation of a DNA adduct that causes mismatches and other aberrations in DNA 

sequences. Effects include chromosomal aberrations, DNA damage and apoptosis. This 

process of events eventually leads to mutation. 

2.14.1.4  Benzo{a}Pyrene epigenetic disorder 

Benzo(a)pyrene has been demonstrated several times to have carcinogenic activity in almost 

all in vivo animal model studies. This potential has been associated with both genotoxic and 

epigenetic factors. It accounts for 50% of cell mutagen ability of the polycyclic aromatic 

hydrocarbons (PAH), for example, occupational display in connection with cancers of the 

mouth, bladder, skin, hemolymphatic vessels, lips (IARC, 2012). So much human health 

threat propelled the detection its major unsafe mechanisms associated with transcriptional 

triggering aryl hydrocarbon receptor (AhR) with oxidative stress etc while the final 

metabolite is benzo(a)pyrene-7,8-dihydrodiol 9,10-epoxide (BPDE) (Miller and Ramos, 

2001; Van-Delft et al., 2010)  

The alteration of gene transcription and moleculaer part have been elucidated using high-

efficience methods related to series of cellular models such as lungs, liver, skin (van Delft 

et al., 2010; Jetten et al., 2013) . In addition to being involved in some terminal diseases, 

BaP could be engaged in progress of liver disease, hepatocellular carcinoma (HCC) (El-
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Serag et al., 2008; Alatise et al., 2009).  Research data recorded of rodents administered 

with BaP revealed a relaxed-investigative connection following the occurrence of liver 

growth (IARC, 2012). Therefore, there is need for comparism between gene expression 

order with a recently established set of in vivo signatures in models with HCC, which 

includes close to nine thousand (9,000) genes to determine the molecular importance of 

non-genotoxin substance mechanism of action of BaP on liver carcinogens, (Kayment et 

al., 2014).  

2.14.2  Dextran sulfate sodium (DSS) 

This is a common colitogenic chemical known, negatively charged, water-soluble toxicant 

with a molecular weight of 35 to 50 kDa. dextran sulfate sodium is chemically used in 

models of induced colitis due to its simplicity; a pair with varying similarities to human 

ulcerative colitis (Chassaing et al., 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

33 

 

 

 

 

 

 

 Figure 2.7: Chemical Structure of dextran sodium sulfate (DSS) (Tanaka, 2012) 
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Figure 2.8: Mechanism of action of DSS (Vittorio et al., 2016)   
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2.15  Piptadeniastrum africanum (PA) 

Piptadeniastrum africanum (Mimosa family) is a plant widely distributed in Senegal, 

Sudan, Angola and the Democratic Republic of the Congo. The itree ispread iup ito i50 im 

tall iand i2.0 im iin idiameter iabove ilarge ibuttresses, ioften iin idrier ior imore idisturbed 

forests and alsoialternate iand idoubly ipinnate ileaves i(Burkill, i1985). siFresh isapwood 

is ipale ireddish-yellow ior ipinkish-white, irelatively iwide i(Tatiana, i2008). i 

In iNigeria iit iis icalled i"kiryar ikurmi" iin ithe iHausa ilanguage, i"ofie" iin ithe iIgbo 

language, iand i"agboin ior iagboyin" iin ithe iYoruba ilanguage i(Hutchinson iand iDaiziel, 

1963). iLegumes iare imainly itropical iand isubtropical itrees iand ishrubs iwith iabout i40 

main iand i2000 ispecies. iThe itree isprouts, ifreeing iitself ifrom ithe istump. iFresh 

sapwood iis ipale ireddish-yellow ior ipinkish-white, irelatively iwide i(Tatiana, i2008). iIt 

is ia istrong, itough iwood iof imedium istrength iand ihardness ithat ilooks igood iafter 

polishing iand ivarnishing.The wood is utilised for the production of planks, furniture etc 

(Burkill, 1995).. 

In folk medicine, the bark is used in the treatment of dysmenorrhea, bronchitis, headaches, 

coughs, male impotence, and abdominal pain, hemorrhoids, as a laxative and as a remedy 

for worms. A decoction of the root and bark is used for enemas, antimalarials, toothache, 

and human colon cancer (Mengome et al., 2009; Hutchinson and Dalziel, 1963). P. 

africanum bark has been shown to have antimicrobial activity against Gram-positive strains 

of Bacillus substilis, Staphylococcus aureus, and Staphylococcus epidermidis. Gram-

negative Pseudomonas aeroginosa, Escherichia coli and Klebsiella pneumonia strains 

(Akinlami et al., 2012) 

 In Nigeria, the root and bark are prepared for use as an enema, trees are often shown to be 

cut for antimalarial use, and bark extract is used to relieve toothache (Hutchinson and 

Dalziel, 1963). According to Mengome et al., 2009), the root of this plant is used against 

human colon cancer cells. Recent phytochemical studies on the root of Piptadenia 

africanum revealed the presence of tannins, flavones, alkaloids, steroids, terpenoids, 

saponins and glycosides, among others (Mengome et al., 2009). 
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Plate 2.1: Piptadeniastrum africanum (2015, 12:30, Ibadan Forest)          
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Plate 2.2: Stem bark of P. africanum (2015, 12:30, Ibadan forest)  
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2.15.1  Medicinal value -Piptadenastrium africanum 

Wood (trade names: dabema, dahoma) is used for maritime construction, bridges, flooring, 

railway sleepers, mine supports, shipbuilding, vehicle bodywork, interior design, joinery, 

furniture, gardening, carpentry, sports, turning, fiberboard, chipboard, and pulpwood. It 

makes hollow boats historically. The wood, known as "African oak" in Europe, is a good 

alternative for oak (Quercus spp.). It makes charcoal and fuel wood. Bark fibers made 

carpets. Honey bees’ nectar from the blossoms while edible caterpillars eat the leaves.  

Folk medicine often uses Piptadeniastrum africanum bark, roots, and leaves. Decoctions of 

the bark are used internally for coughs, bronchitis, headaches, mental disorders, 

hemorrhoids, urinary infections, stomach pain, dysmenorrhea, male impotence, and as an 

antidote; externally for fever, toothache, pneumonia, edema, skin diseases, rheumatism, 

worms and fleas, and as a laxative and abortifacient. The complicated leprosy therapy 

includes bark decoction. (2007) The bark is used to poison mice with grains, arrows, tests, 

and fish. Cameroonian and DRC pygmies employ root and stem bark in arrow poison. 

Mental illnesses, abortifacients, and aphrodisiacs are treated using root maceration.  

Enemas for gonorrhea and abdominal illnesses employ crushed leaves and leaf decoction. 

Leaves poison mice. Coffee, cocoa, and banana farms use the tree as a shade tree during 

deforestation. Thus, Piptadenastrum africanum is a mystical tree in many cultures 

(Neuvinger et al., 2000).  

2.16ii Mitochondria 

Mitochondrion are essential internal organs that, in addition to their role in the making of 

energy, also engage in other processes, such as apoptosis, mitosis, and necrosis, because of 

a phenomenon known as the mitochondrial outer membrane permeability transition, or 

MOMP (Martel et al., 2012). Mitochondria are specialized organelles with a double 

membrane that are responsible for the production of ATP (a kind of energy) and are 

sometimes referred to as the "powerhouse" of cells (Wallace and Fan, 2010). Mitochondria 

are singular cytoplasmic cell organelles that are involved in a wide variety of metabolic 

processes inside the cell.  



 
 

39 

A wide variety of cellular functions, including as signalling, cell differentiation, and cell 

death, as well as the control of the cell cycle and cell growth, are only possible when cells 

have access to sufficient amounts of energy. The significance of mitochondria lies in the 

fact that they are responsible for the production of almost all of the necessary cellular energy 

in the form of ATP (adenosine triphosphate). They are able to do this in large part due to 

the oxidation of substrates that are involved in the Krebs cycle. Because mitochondria are 

responsible for the oxidation of chemical compounds by enzymes, they are often referred to 

as the "powerhouses" of the cell. This is because they are the source of the energy (ATP) 

that is produced by the cell. 

Mitochondria have emerged as useful targets for new anticancer medicines, which are 

collectively referred to as mitocans (Neuzil et al., 2006). Mitochondria are linked to a 

variety of human diseases, such as mitochondrial abnormalities (Gardner, 2005) and heart 

failure (Lesnefsky et al., 2001), and there is some speculation that they are also implicated 

in the aging process. Richard Altman conducted the study that is credited as being the first 

on mitochondria in the year 1840. After gaining knowledge about them, he gave them the 

name bioblasts. In the year 1898, Karl Benda came up with the term "mitochondrion." It 

comes from the Ancient Greek words "mitos," which means "thread," and "chondros," 

which means "ball." In 1857, Albert von Kolliker was the first person to discover that cells 

contain mitochondria. He was doing research on human muscle cells when he came across 

some peculiar granules inside them. 

Mitochondria utilize oxygen and oxidative phosphorylation to produce ATP. Mitochondria 

have two membranes. The inner membrane is impermeable to all molecules, has a huge 

surface area, and includes oxidative phosphorylation enzymes. Mitochondria's outer 

membrane shields them. Mitochondria create ATP by passing electrons from tricarboxylic 

acid cycle intermediates like NAD or FAD, decreasing equivalents. Inner mitochondrial 

membrane molecular complexes make up the electron transport system (ETS). These 

complexes transmit electrons, electron transfer transports protons through the inner 

mitochondrial membrane, raising its potential. F0F1 ATP synthase converts protons back to 

the mitochondrial matrix into ATP. The ultimate electron acceptor is water-forming 

molecular oxygen. 
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Electron transport complexes may release electrons. This one-electron reduction of 

molecular oxygen produces superoxide anion (O2-). Up to 1% of oxygen absorbed may 

create reactive oxygen species (ROS) such superoxide anions. Mitochondria produce most 

reactive oxygen species (Ischiropoulos and Beckman, 2003). 2003's Ischiropoulos-Becker 

study. A substantial proton gradient in the mitochondrial inner membrane (IMM) may 

impede electron transmission and increase mitochondrial superoxide generation (IMM). An 

excess of fuel (which creates NADH) or a functional impairment of one or more electron 

transport complexes (particularly complexes I and III) may cause protons to accumulate 

(Lenaz, 2001). Lenaz, 2001. Reactive oxygen species (ROS) like hydrogen peroxide 

(H2O2), when mixed with ferrous iron, may cause the Fenton reaction, which produces 

extremely reactive hydroxyl radicals. Reactive oxygen species (ROS) overwhelm 

mitochondria's enzymatic and non-enzymatic antioxidant mechanisms, causing cell death 

and damage. 

 

 

 

 

 



 
 

41 

 

Figure 2.9: Schematic representation iiof iithe iiMitochondrial iiElectron Transport 

Chain (etc.), iicoupling iiand iidecoupling iiof iiOxidative phosphorylation (Bergen et 

al., 2008). 

NADH and FADH2 are oxidized in this mechanism. Protons (H+) are injected into 

mitochondria's intermembrane space while electrons are transported to the ETC 

enzyme complexes. The proton motive force, or mitochondrial membrane potential, is 

high. Using the energy lost when protons re-enter the mitochondrial matrix, the ATP 

synthase (A) enzyme may create ATP energy from ADP. UCP2 and other uncoupling 

proteins (U) may return protons to the matrix without ATP. 
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Apoptotic and necrotic cell death, Ca2+, and iron homeostasis are all controlled by 

mitochondria. Mitochondria regulate Ca2+ and iron homeostasis as well as energy 

production (Green and Kroemer, 2004). Thus, mitochondria appear to monitor cell vitality. 

Cell death may be caused by mitochondrial processes such reduced oxidative 

phosphorylation (OXPHOS-ATP generation), beginning of the mitochondrial permeability 

transition, increased free Ca2+ and bioavailable ferrous iron, and oxidative damage to 

essential mitochondrial components (Swarup et al., 2004). Given what we know about 

mitochondrial function, mitochondrial oxidative stress and damage are contributors in many 

illnesses. 

Liver disease (alcoholic, iron overload, or non-alcoholic fatty liver disease), ischemia-

reperfusion damage, diabetes complications, neurodegenerative illnesses, cancer, aging, and 

others are among these clinical conditions. (Fariss and Zhang, 2003; Pessayre, 2004) 

Experimental and clinical data suggests that oxidative damage to mitochondrial lipids, 

nucleic acids, and proteins is a key event in oxidative stress-mediated disease. Antioxidant 

mitochondria enrichment also protects cells from oxidative stress. With a greater 

understanding of mitochondrial molecular pathways that cause deadly oxidative stress, 

defence strategies for these catastrophic clinical conditions may be established. 

2.16.1 Mitochondrial architecture 

Power house of the body (Mitochondrion) are typically 0.5–1 µm in width and up to 7 µm 

in length. It does not matter if they appear like spheres, rods, or filaments; the architecture 

as a whole stays the same. 

The number of mitochondria found in a cell is proportional to the molecule of energy that 

needs to be produced; tissues that have a high capacity for aerophilic metabolic processes; 

skeletal muscle or kidneys, possess a greater mitochondria. 

Each  lobes of mitochondria is made up of a double layer of phospholipids. Mitochondria 

have two membranes. The physical appearance and physicochemical qualities of the two 

membranes, which together dictate the metabolic activity of each membrane, could not be 

more unlike from one another. 
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Cristae are formed when the inner membrane of the mitochondrial envelope wraps around 

and coils itself into the matrix of the mitochondria. This serves the purpose of increasing 

the surface area of the inner membrane, which is responsible for carrying the majority of 

the enzyme equipment involved in the oxidative phosphorylation process. 

Both the inner and the outer membranes have a distinct protein-to-lipid and phospholipid-

to-protein ratio, although their phospholipid compositions are quite different. This ratio is 

around 50:50 for the outer membrane, and the protein is thought to have relatively little 

enzymatic or transport activity due to its composition, which is approximately 50:50. The 

inner membrane contains around 80 percent proteins and 20 percent lipids. 

Ions and bigger molecules may easily pass through the outer membrane since it has a high 

permeability. As a result of less permeabilization of mitochondria to ions and sizable 

molecules than external membrane, categorisation is achieved by physically separating the 

matrix from the environment of the cytoplasm. 

In the process of converting free energy that is produced from oxidizable substrates, this 

separation is an extremely important step. In reality, the inner membrane of the 

mitochondria serves as both an electrical insulator and a chemical barrier. Certain 

compounds are able to traverse this barrier as a result of the existence of sophisticated ion 

transporters. In order to enable the program of anions back and forth between the cytosol 

and the mitochondrial matrix, the inner membrane of mitochondria has a number of antiport 

systems. These transporters specifically replace adenosine diphosphate (ADP) with 

adenosine triphosphate (ATP). 

 

 

 

 



 
 

44 

 

Figure 2.10: Structure of mitochondrion (James et al., 2005) 
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2.16.2 Mitochondrial Permeabilization 

The mitochondrial permeability transition (mPT) quickly permeabilizes in response to 

damaging stimuli like excessive Ca2+ (McCommis and Baines, 2012). For molecules up to 

1.5 KDa, calcium improves the permeability of the inner mitochondrial membrane. 

In normal mitochondria, the onset of inflammation is controlled by cytosolic calcium, 

inorganic phosphate, fatty acids, and magnesium ions (Raaflaud, 1953). The introduction 

of the chemiosmotic idea had a detrimental impact on energy conservation (Raaflaud, 1953; 

Mitchell, 2011). Although the permeability transition was often thought to be an in vitro 

artifact with dubious significance in physiopathology, some authors now acknowledge its 

importance in pathophysiology (Rasola and Bernardi, 2007). 

Although the physiologic characteristics of the transition are unknown, Haworth and Hunter 

invented the permeabilty transition in cardiac mitochondria and explained that it was 

induced by a protein pore opening in the inner membrane. After Peter Mitchell won the 

1978 Nobel Prize, the chemiosmotic hypothesis gained widespread acceptance, which may 

have been attributed to the PT research's lack of focus. The broad adoption of the concept 

could be to blame for this. The predictions of the chemiosmotic theory were put to the test 

in studies of energy conservation mechanisms through the examination of mitochondrial 

ion transport. This was first mentioned in 1999 by Bernardi. In retrospect, the development 

of a large hole in the inner membrane appears to be a violation of the basic rules of 

chemiosmosis. (Sokolove and Shinaberry, 1988). 

Submicromolar cyclosporin (Cs) A prevents permeability transition activity in mammalian 

mitochondria, according to Davidson and Haletrap, (1990) discovery. A peptidyl prolyl cis 

trans isomerase, matrix cyclophilin (CyP) D, interacts to CsA and inhibits PTP (PPIase). 

According to Takahashi et al., (1989) CsA inhibits matrix cyclophilin (CyP) D, an PPIase. 

(Woodfield et al., 1997). The second important finding, made by Sorgato et al., (1987) was 

that mitochondria possess electrophysiologically accessible ion channels. According to 

Kinnally et al., (1989) and Petronilli et al., (1989) the inner mitochondrial membrane has a 

"mitochondrial megachannel" (MMS) with a high conduction channel (1–1.3 inS). Both the 

mitomycin C (MMC) and the permeability/transition pore (PTP) are obviously two sides of 

the same molecule.  
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According to Szabó and Zoratti, (1991) CsA inhibits MMC, and according to Bernardi et 

al., (1993).  It exhibits all of the essential PTP regulatory traits. Electrical physiology has 

assisted in our understanding of the MMC-PTP and adoption of the pore PT theory (Zoratt 

et al., 2005). Twenty five years ago, knowledge of the role of the PT's cell ideath emerged 

(Crompton and Costi, 1988). Hepatocytes, cardiomyocytes, and isolated hearts were treated 

with oxidative stress, anoxia, or ATP and showed early support (Griffiths and Halestrap, 

1995).  

Only after it was discovered that cytochrome c, apoptosis-inducing factor, and other effector 

phase proteins cytosol after being released (Liu et al., 1996) did it significantly increase the 

amount of experimental research on PT as a cell effector mechanism. (Siemen and Ziemer, 

2013) Permeability transition molecular basis are sporadic. There have always been models 

and working hypotheses available. These models and theories have been unable to 

discriminate between invading species due to oxidant stimulation, a large number of 

"inductors" missing common structural features, and a lack of selectivity and a smaller but 

considerable inhibitor (Gunter, Pfeiffer, 1990). 

2.16.3 Adenine Nucleotide Translocator and Voltage-dependent anion channel 

(VDAC) 

Adenine nucleotide translacator (ANT) causes permeabilization to rise while being 

prevented by the voltage-dependent anion channel (VDAC) and atractylate, ANT is thought 

to be the cause. It has long been understood that adenine inucleotides prevent mitochondrial 

development. Brdicka and his associates discovered the structures where two membranes 

connect with one another intimately to produce protein-protein interactions. Kottke et al., 

(1988) claim that permeabilization occurs inside the membrane. Creatine and nucleoside 

phosphate kinases are found in the organs that make these proteins, together with 

Hexokinase on the cytosolic surface, VDAC in the outer membrane, and ANT in the inner 

membrane. of the mitochondria may channel adenine nucleotides into and out of the 

mitochondria (Bucheler et al., 1991).  

The same team observed that N-methylval-4-cyclosporine inhibits channels with PTP-like 

iconductivity and liposome permeability in fractions that are high in hexokinase in 1996. 

This year, there was a connection between hexokinase and PTP (Beutner et al., 1996). 
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According to Beutner et al., (1996) atractylate blocked currents but did not comprise the 

active fractions VDAC or ANT. It also contained a number of proteins. This prevented the 

activation of species-specific channels. Instead, atractylate enhanced MMC currents. The 

Bcl-2 family of proteins was examined using the same fractions enriched with hexokinase 

in a prior work by Marzo et al. (1998).  

As part of the PTP/VDAC/ANT hexokinase paradigm, these fractions also included the Bcl-

2 family of proteins and the TSPO outer membrane, formerly known as the peripheral Bz 

receptor. Zamzami and Kroemer (2001) were the first to identify the peripheral Bz receptor. 

Although the exact element(s) in charge of controlling channel activity and membrane 

permeability have not yet been identified, the general "structure" of PTP may be used as a 

model. 

2. 16.4 Alternative models of permeability transition pores (PTP)  

With the Ca2+-CyPD bonding and ANT heterodimerization, discoveries will emerge. An 

anion-selective channel with a 40 pS average iconductance was revealed to be active in 

patch-clamp research employing a working mitochondrial Pi carrier. This technique 

involves both genetic and reparative testing. These tests demonstrated the operation of an 

anion-selective channel (the conductance of PTP typically ranges between 1.0 and 1.3 inS; 

the channel is not anion-selective). PTP was decreased by lowering the Ca2+ and Mg2+ 

currents to 25 S. Pi blocks channels without the need for ADP, in contrast to pores (Herick 

et al., 1997). 

According to a novel model for permeabilization, oxidative stress and other stressors harm 

integral membrane proteins, causing them to band together and generate holes. This 

approach, advanced by Kowaltowski et al., (2001) and He and Lemasters (2002), contends 

that the pore development is caused by the integration of damaged proteins. He and 

Lemasters argue that proteins with chaperone-like properties, such as CyPD, Ca2+, and CsA, 

regulate the production of misfolded protein clusters. Protein clusters dominate chaperones, 

leading to "unregulated" gaps in the membrane. 
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Fatty acids and 3-hydroxybutyrate/polyphosphate activate PT-like channels that require 

Ca2+ but are not sensitive to CsA. These channels are activated by 3HBP (Pavlov et al., 

2005; Morinova et al., 2001). The second is that fatty acids increase the growth of the 

mitochondria. PTP was found during the experiment (Scorrano et al., 2001; Bernardi et al., 

2002). 

According to Leung et al., (2008), the most recent PTP model from Halestrap Lab considers 

the existence of Pi carrier holes. The interaction of Ca2+ and CyPD promotes PTP 

production, whereas ANT heterodimerization promotes opening. The synthesis of PTP 

improves both. Anion-selective channel function with an average iconductance of 40 pS 

was suggested by patch lamp experiments using a functional mitochondrial pi carrier, but 

this has to be confirmed by irepair and genetic approaches. 

Studies have shown that an ion-selective channel exists (normal PTP conductance is 1.0–

1.3 inS; the channel does not demonstrate ion selectivity). When Ca2+ and Mg2+ current 

conductance was decreased to 25 pSm, PTP's ability to operate was inhibited. ADP has an 

interesting effect on channel activity, but Pi does not (Herick et al., 1997). Pi media might 

be a entrant for remote PTP regulation because of these special qualities. 

According to reports, the pore is produced by integral membrane proteins that are misfolded 

and have been damaged by oxidative and other stressors. He and Lemasters claim that 

clusters of misfolded protein may prevent current conduction. Chaperone-like proteins like 

CyPD, Ca2+, and CsA are examples of these. This paradigm is quite different from earlier 

PTP ideas (Kowaltowski et al., 2001; He and Lemasters, 2002). Chaperones lose out to 

protein clusters, which causes "unregulated" membrane gaps to emerge. 

The essential aspects of PTP, such as its interaction with calcium and how voltage, the 

matrix pH, and adenine nucleotides affect these two substances, are not taken into 

consideration by this model (Bernardi, 1992; Nicolli et al., 1993). Methods that depend just 

on increased protein permeability are insufficient to explain these characteristics. Fatty 

acids and 3H-butyrate/polyphosphate have been shown by Pavlov (2005) to activate Ca2+-

dependent PT-like channels that are insensitive to CsA. Fatty acids have also been shown 
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to increase mitochondrial size, which connects them to PTP (Scorrano et al., 2001; Bernardi 

et al., 2002). 

2.16.5  Cyclophiline D, CyP, FOF1, ATP, and Synthase  

PPIase proteins with a large range include cyclophiline D proteins, which comprise a 109-

amino-acid domain. According to Wang and Heitman (2005), sixteen human CyPs serve as 

a model for cytosolic CyPA and include a CyP-like domain. Walsh et al. (1992) and 

Clipstone and Crabtree (1992) claim that CsA/CyPA suppresses the immune system by 

regulating cytosolic calcineurin phosphatase after binding to its target.Mammalian 

mitochondrial CyPD can be found. Genetic removal of Ppif illuminates PTP control (which 

encodes for CyPD), according to research. CyPD controls PTP. According to Nagawa et al., 

(2012) this lacks mitochondrial structural pores.  

According to earlier research Bernardi et al., (2006) CsA increases PTP's resistance to Ca2+ 

and PPI opening. Rather than "desensitizing" it, CsA prevents PTP. With Ca2+-Pi loadings 

that are twice as high in wild-type mitochondria, opening the pores is made simpler. This 

demonstrates that PTP null alleles do not exist in CyPD-null mitochondria (Ppif-/-). 

Absence of CsA sensitivity does not show PTP is not active as CsA desensitizes but does 

not inhibit PTP, therefore, the lack of CsA sensitivity does not necessarily mean that PTP 

is not participating in the relevant event. 

It is crucial to remember that CsA, like CyPD, desensitizes PTP but does not block it while 

evaluating CsA data. Only mitochondria that express CyPD can react to CsA because 

muscle denervation alters the expression of CyPD (Csukly et al., 2006). For acidic pH and 

high ionic strength, additional (de)PTP sensitizers can trigger CyPD association or 

dissociation. No inactive endogenous CsA mimics exist. CyPD. The phosphorylation, 

acetylation, and nitrosylation of CyPD have been observed to affect the trend of PTP 

opening, similar to findings by Rasola et al. (2010) and Kohr et al., (2011). Numerous 

proteins interact with CyPD, including Hsp90, TRAP-1, Bcl-2, ERK-2/GSK-3, and possibly 

p53 (Vaseva et al., 2012; Giorgio et al., 2009). 
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Figure 2.11: Schematic representation of ATP synthase dimers F0F1 (Bernadi, 

2013).       
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Structural analysis shows F1 – dark blue; F0 -green and cyan, and stalk subunits (red). CyPD 

binds the lateral trunk of complex V 1:1:1:1 to oligomycin-sensitivity conferring protein 

(OSCP) subunits b and d. (2009). CsA displaces CyPD, reactivating the enzyme, whereas 

CyPD binding to ATP synthase partially inhibits its activity and requires Pi. CyPD mediates 

CsA's enzyme catalysis stimulatory effect in mitochondria with a Ppif-/- mutation. ATP 

synthase assembly is unaffected by CyPD lack. Despite the evident parallels between PT 

and PTP regulation (dependence on Pi, sensitivity to CsA), the answer to whether CyPD 

and the V complex interact for PT was not known until recently. 

2.16.6 iDimers IF0F1 iATP Synthase iform ichannels iindifferent ifrom MMC–PTP  

We have convincingly established that the relationship between ATP synthase and aOSCP 

is largely driven by electrostatic forces. This observation was acquired through meticulous 

characterization of the precise location where CyPD binds to ATP synthase. By utilizing 

modeling tools, we thoroughly analyzed the surface potentials and isopotential curves, 

revealing the interaction between CyPD and OSCP in a region spanning helices 3 and 4. 

This discovery holds immense significance. It is noteworthy that Bz-423, a extensively 

studied inhibitor of F0F1 ATP synthase, also binds to this same site (Johnson et al., 2005; 

Stelzer et al., 2010). As anticipated, the activation of PTP by Bz-423 underscores the 

significance of CyPD interactions for PTP.  

However, the presence of Pi may diminish the inciting influence by enhancing CyPD 

binding to OSCP. The complex V's involvement in PTP means that reducing OSCP levels 

decreases the pore's need on Ca2+. When ATP is exploited as an energy source, 

mitochondria take Ca2+, but PTP opens at only half the rate. This shows that OSCP 

influences the likelihood of pore opening. Moreover, enzymatic catalysis impacts the Ca2+ 

affinity of PTP, further highlighting the important involvement of ATP synthase in this 

process. Mitochondria that hydrolyze ATP require twice as much Ca2+ compared to ATP-

synthesizing organelles requiring CsA (Giorgio et al., 2013). 

To examine the production of PTP, dimers separated by native blue electrophoresis were 

introduced into azolectin bilayers, and current flow was detected after applying a potential 

difference. These experiments conclusively revealed that FO F1 ATP synthase generates 
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PTP. Bz-423 creates highly conductive channels in the presence of Ca2+, while AMP-PNP 

and Mg2+/ADP block these channels (non-hydrolyzable analogues of ATP). Although ATP 

synthase monomers lack channel activity, they possess the same subunit composition as the 

dimers. The reconstructed pores exhibited identical characteristics to MMC-PTP and 

displayed chordal conductance ranging from 1.0 to 1.3 nS in a symmetrical KCl solution of 

150 mM.  

Multiple subconductivity phases were also observed. Both Ca2+ and Pi sensitized PTP, even 

in the absence of CyPD, and were responsible for generating PTP currents in dimers formed 

with 10 mM Pi. These findings are consistent with the features of mitochondrial MMS Ppif-

/- (De Marchi et al., 2006) and provide support to the concept that the preparations did not 

comprise CyPD. CsA-insensitive channels contrast with the successful activation of 

channels by both Bz-423 and boncreic acid, although tratyloside does not enhance channel 

opening. These statistics show that the preparations lacked either ANT or VDAC. A careful 

analysis of a human phage display library indicated that Bz-423 induces mortality through 

cell mitochondria (Blatt et al., 2002). Apoptosis is started by Bz-423 via mitochondria, with 

OSCP as the target. Bz-423 selectively acts on OSCP, probably generating ATP synthase 

dimer channel activity, while having no influence.  

This disproves the hypothesis that unidentified protein contamination created the currents 

seen by Giorgio et al., (2013). Bz-423 may potentially boost ATP synthase dimer channel 

activity. PTP is indirectly induced by Bz-423 and CyPD, acting through OSCP in the lateral 

stalk of the matrix. This generates a change in the inner membrane's permeability. Both 

chemicals act in the same manner, and PTP generated at the membrane border between 

neighbouring F0 sectors has the potential to compensate for the effects of fatty acids. This 

is our postulation (Bernardi et al., 2002). Both compounds act using the same manner. The 

compensatory influence of fatty acids may be achieved by PTP generated at the membrane 

barrier between nearby F0 sectors. This is our theory (Bernardi et al., 2002). 

We hypothesised that OSCP would affect the accessibility of Ca2+ to the F1 catalytic sector's 

metal binding sites. The presence of Ca2+ in the matrix performs a critical function in PTP 

formation. The power of this subunit to change metal binding site accessibility in ATP 
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synthase impacts the matrix's ability to displace Mg2+ and open PTP. We hypothesise that 

OSCP serves as a "negative" modulator, which may be counteracted by adding a "positive" 

CyPD effector (increasing PTP's apparent affinity for Ca2+). Supporting this hypothesis, 

binding to a "positive" CyPD effector improves PTP's apparent affinity for Ca2+. We 

hypothesise that CyPD binding to OSCP or the deletion of OSCP will produce analogous 

conformational changes, eventually boosting PTP opening. This theory warrants deeper 

testing. 

In the "bound" state, the dimers bind Mg2+-ADP/ATP, and the levels of free Ca2+ and Pi are 

insufficient to induce PT (Panel A). The binding of CyPD facilitated by Pi should alter the 

accessibility of metal binding sites through conformational changes. This reduced 

accessibility results in a decrease in the influx of Ca2+ into the matrix, which is required for 

PT. In the absence of CyPD binding, higher levels of Ca2+ would be necessary for exchange. 

Mg2+ for calcium (Panel C). Oxidation of thiols enhances metal binding site availability and 

the likelihood of PT for a given Ca2+ load, whereas reduction reduces site accessibility. 

Chelating Ca2+ with EGTA entirely abolishes PT, restoring Mg2+ binding and dimer 

structure (Petronilli et al., 1994). Ions and solutes penetrate at the contact location of the c-

ring (Panels C, D). 
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Figure 2.12: Hypothetical conversion of F0F1 dimers of ATP Synthase to PTP 

(Bernadi,2013)     
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It is possible for dimers of ATP synthase (A) to form PTP through a reversible process that 

is facilitated by thiol oxidation. This occurs when Ca2+ binds at catalytic sites rather than 

Mg 2+. Oxidation of thiols might be of assistance (C). Pi-assisted CyPD binding (B) results 

in an increase in the number of metal binding sites, which enables PT to form at lower Ca2+ 

concentrations (as seen by face typed, which has a more compacted appearance) (D). The 

production of phosphotransferase is hampered by the presence of adenine nucleotides and 

Mg2+. (PTP). A pathway for the diffusion of solutes between F0 subunits is shown by the 

red lines. 

2.16.7 IRole iof ithe iouter idiaphragm i  

Mega channel events occur as a result of the actions of complex 5 dimers, as outlined by 

Urbani et al. in 2019. The modulation of permeability transition pores (PTP) is regulated by 

the outer membrane. Lê-Quoc and Lê-Quoc originally made a suggestion by establishing 

that substituted maleimides increase PTP across the cell's outer membrane. Our independent 

establishment of the outer membrane's "sensitizing" role came from irradiating 

mitochondria with visible light following hematoporphyrin treatment. This technique 

produces singlet oxygen, which, depending on the strength of light received by the 

mitochondria, may either deactivate or reactivate PTP, as explained by Riccelli et al. in 

2011. 

Permeabilization becomes inactive due to the degradation of histidyl residues under low-

light situations, blocking cysteine oxidation on the matrix side. Conversely, light oxidizes 

the cysteine present in the outer membrane of PTP, therefore activating it. Mitoplasts, on 

the other hand, display full resistance to PTP induction driven by high light concentrations, 

indicating that the outer membrane may promote PTP opening via a mechanism that remains 

unexplained (Ricchelli et al., 2011). 

The activation of PTP is regulated by proteins from the Bcl-2 family present in the plasma 

membranes (Forte and Bernardi, 2006). When activated, Bid triggers the opening of PTP, 

while Bcl-2 enhances resistance to PTP by reducing the activity of Hile, Bax, and/or Bad. 

Extensive research investigations have focused on this topic. Although CsA was ineffective 

in preventing the release of cytochrome c in one of the studies involving Bid, it remains 
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controversial whether the cells produced CyPD and were susceptible to CsA inhibition 

(Scorrano et al., 2002; Gracia-Perez et al., 2012).  

The attachment of Hexokinase II to the outer membrane negates the stimulatory effects of 

Bax, thereby restricting the development of PTP (Chiara et al., 2008; Pastorino et al., 2002). 

Bcl-2 proteins interact with various targets. The Bid-mediated CsA-dependent remodeling 

of the cristae enhances the availability of intermembrane cytochrome c. Furthermore, even 

in the presence of an intact outer membrane, Bax can delay the PT-dependent release of 

cytochrome c by blocking the mitochondrial potassium channel Kv1.3 in the inner 

membrane (Szabó et al., 2008; Scorrano et al., 2003) 

 

2.16.8 iPermeability itransition ipore i(PTP) ias icalcium iexhaust ichannel ii 

Permeability transition pore (PTP), functioning as a calcium release channel, can abruptly 

open as a mitochondrial calcium exhaust channel under normal conditions (Hüser et al., 

1998; Hüser and Blatter, 1999). Altschuld et al. (1992) observed that CsA significantly 

enhanced calcium uptake and reduced calcium efflux in isolated cardiomyocytes, as 

evidenced by radiolabeled 45Ca2+. This effect was attributed to a distinct mitochondrial 

activity that did not affect cell morphology or viability. The evidence provided in their study 

supports this concept, as CsA had no impact on cell viability or shape. Recently, three 

experiments conducted on Ppif-/- cells and animals further support this hypothesis. 

Age-related cardiac phenotypes in Ppif-/- animals comprised a loss of contractile reserve, 

increased shortening and relaxation periods, and a longer decay of cytosolic Ca2+ 

transients, resulting in a decreased heart rate (Elrod et al., 2010). Ppif-/- hearts exhibited a 

2.6-fold increase in mitochondrial Ca2+. CsA-treated myocytes revealed higher 

mitochondrial Ca2+ transients. Desensitizing PTP with CsA lowered Ca2+ buildup during 

continuous pacing and lengthened recovery time, suggesting that PTP works as a Ca2+ 

release mechanism to prevent calcium overload. Consistent with this hypothesis, a cytosolic 

rise in [Ca2+] caused by ATP or depolarizing dosages of KCl triggered a comparable short-

term increase in mitochondrial [Ca2+] in adult neurons in the cerebral cortex of wild-type 

mice and Ppif-/- animals. But when the two stimuli were administered together, Ppif-/- 
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neurons had significantly greater mitochondrial [Ca2+], indicating that PTP activation was 

involved.  

These findings suggest that PTP opening and CyPD may be particularly manage Ca2+ 

homeostasis during high mitochondrial Ca2+ loading (Barsukova et al., 2011). Mutant 

versions of superoxide dismutase 1, related to amyotrophic lateral sclerosis, lead to motor 

neuron damage in mice (Gurney et al., 1994). Genetically deleting the Ppif-/- gene restored 

Ca2+ retention in the spinal cord mitochondria of these mice long before motor impairment 

and neuronal death occurred (Damiano et al., 2006). Improved mitochondrial Ca2+ 

buffering, ATP generation, edema, glia activation, spinal cord misfolded SOD1 aggregates, 

and motor neuron death were lowered by this intervention, however survival did not 

increase (Parone et al., 2013). 

2.17  Procedures for purifications of extract, fractions, subfraction, partially 

purified subfractions and purified compound of Piptadeniatsrum africanm stem bark. 

2.17.1 Extraction of Piptadeniastrum africanum 

When separating desired natural products from their basic ingredients, the initial procedures 

that must be taken are known as purification and extraction. Isolating and purifying 

biological samples may be accomplished via the use of a variety of different approaches. 

Before beginning the extraction process, the most important prerequisite is having a clear 

understanding of what exactly is to be extracted and then purified, followed by the 

application of a range of analytical techniques that make use of the distinctive 

physicochemical characteristics of the substance in order to separate it. (Acille et al., 2019).  

The most common techniques of extraction include separation/solvent extraction, 

distillation, and a broad range of chromatographic methods including thin layer, vacuum 

liquid, high performance, and gas chromatography. Other common extraction methods 

include ion exchange and ion exchange chromatography. Extraction often involves a 

number of different chemical processes being carried out in tandem with one another. The 

goal has always been to select a method or set of methods that will most appropriately 

separate the compound in question from any other substance that may be present in the 

mixture. This can be a challenge because there are many possible substances that could be 
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present in the mixture. When purifying biological macromolecules, it is essential to know 

for certain and provide assurance that the structure of the compound being separated will 

not be altered as a result of the purification methods that are being used (Abubakar and 

Haque, 2020). 

2.18  Stigmasterol  

The primary function of the extremely common plant sterol known as stigmasterol is to 

preserve the structure and physiology of cell membranes. They are sometimes used to 

increase the phytosterol content of foods in order to decrease the amount of bad cholesterol 

and, as a result, reduce the risk of developing cardiovascular disease. Stigmasterol, as a 

factor involved in plant cell processes, may perform a significant function in plant reacting 

to anxiety, metabolism, and functions of enzymes engaged during the biosynthesis of plant 

cell membranes (Ferrer et al., 2017). In addition, stigmasterol is known to possess 

pharmacological activities such as anti-angiogenic and anti-cancer potentials through the 

regulation of TNF-α and VEGFR-2 (Kangsamaskin et al., 2017). 
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CHAPTER THREE 

MATERIALS AND METHOD 

This chapter will proceed by looking at objectives and methods that cut across these 

objectives. Therefore, for this study, some of the objectives employed more than two to 

three methods, which also are being employed in another objectives. 

3.1:    Extraction of Piptadeniastrum africanum stem bark extract and fractions 

The therapeutic efficacy of the medicinal plant is as a result of the presence of several 

bioactive compounds that have been established through phytochemiacl screening including 

saponins, tannins, flavonoids among others (Wuthi, 2010). Piptadeniastrum africanum is a 

very important plant due to its wide range of ethnobotanical uses, including domestic, 

medicinal, social and agricultural benefits (Owoeye et al., 2018). 

3.1.1:  Collection, Authentication and Isolation of stem bark of Piptadeniastum 

africanum. 

Freshly collected P. africanum plant stem bark was found in a forest near Ibadan, Oyo State., 

identified and authenticated at the Department of Botany of the University of Ibadan with 

voucher number: (UIH-22562) and the stem bark of the plant was deposited in the 

herbarium. The plant was washed thoroughly with distilled water and air dried at room 

temperature for four (4) weeks in the laboratory to lose moisture, then ground to a fine 

powder, weighed and kept for further use. 
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A crude methanol extract of P. africanum stem bark was prepared by adding 10 litres of 

distilled methanol (Sigma Aldrich Chemical) to a 5 (five) kg sample of air-dried P. 

africanum. stem bark all over the glass jar. The stirred concoction was kept 72 hours, after 

which filtration take place using Whatmann No 1 filter paper. A rotary evaporator at 40°C 

was used to concentrate the filtrate to give a crude extract which was subjected to dryness 

on a water bath to obtain a solvent-free crude extract 

Principle of column chromatography: Separations of samples mixed are done by column 

chromatography which is  based on the different solubilities of the constituents in the 

immoble state. The addition of the movable phase and the mixtures to be parted at the 

topmost preparation aparatus causes idividual components to move at a different speed. The 

solvent-free crude methanol extract was fractionated by dispensing 500ml of dil. H2O to the 

crude methanolic extract (ME), adding  (50g) to 1L dividing chamber, followed by the 

addition of 100% n-hexane to degrease extract to the point of exhaustion. The pomace is 

then washed with chloroform, ethyl acetate, and methanol solvent to remove ethyl acetate, 

chloroform, and methanol-soluble solvents, respectively, using vacuum liquid 

chromatography (VLC) to give n-hexane (HFPA), chloroform (CHFPA), ethyl acetate 

(EAFPA) and methanol (MFPA) fractions, respectively. Thus, the yield percentage of each 

fraction was calculated; 

Percentage Output = (XY) X100…………………………………………………….…..3.1 

 Z 

Where the mass of fractions and dishes, only dishes and only fractions were X, Y and Z 

respectively. 

Based on the control of biological activity, the most potent substances were further 

fractionated using a graduated elution system to collect subfraction, which was then purified 

using column chromatography with increasing solvent polarity to obtain purified P. 

africanum. 
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Plate 3.1: Identification and authetification voucher of P. africanum stem bark 
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3.2: Phytochemical screening of P. africanum stem bark 

3.2.1: Qualitative phytochemical analysis of P. africanum 

The different fractions have been tested for phytochemicals with respect to Ayoola. et al., 

2011 and Hussain et al., 2011.  

Foaming is obtained by shaking 0.1g of each P. africanum extract and fraction with 5ml of 

distilled water in a test tube. It is known that saponins cause foaming in an aqueous solution, 

as well as hemolysis of erythrocytes, persistent foaming when heated indicates the presence 

of saponins. 

Chloroform (2mL) with concentrated H2SO4 was added to 5ml of an aqueous extract of P. 

africanum; the appearance of a reddish color in the lower chloroform layer indicates the 

presence of steroids. 

The iplant iextract i(0.5g) iand ifraction iwas iadded ito ia ifew idrops iof i0.1% iferric 

chloride. iThe iphysical iappearance iof ia ibrownish-green icolor iindicates ithe ipresence 

of itannins. 

Few idrops iof i1% iammonia i(NH3) iwere iadded ito i0.1g iof ithe iextract. iThis icaused 

a iyellow icoloration iin ithe isolution iindicating ithe ipresence iof iflavonoids. 

Piptadeniastrum iafricanum istem ibark icrude iextract i(0.1g) iwas idissolved iin i5ml iof 

1% iaqueous ihydrochloric iacid iin ia iwater ibath. iFilter ipaper iwas iused ito isieve ithe 

solution. To i1ml iof iGradendov's ireagent, 1ml iof ithe ifiltrate iwas iadded  iwith ia 

reddish-brown icolor iindicating ithe ipresence iof ian ialkaloid. 

Addition iof i0.5ml iof ithe iextract iand i0.4ml iof iglacial iacetic iacid iwere imixed iwith 

10% iferric ichloride isolution iand i0.5ml iof iconcentrated isulfuric iacid i(H2SO4). 

Presence iof ia iblue istain iconfirmed ithe ipresence iof icardiac iglycoside. 

3.2.2:  Quantitative analysis of P. africanum 

Mixture of 0.25g of the extract and plant fractions were approximately mixed together with 

10 ml of 1N hydrochloric acid and kept for 4 hours. Filtration was carried out to obtain an 

ethereal phase by adding petroleum ether and drying by evaporation as soon as the 
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temperature had dropped to about 270°C. The solute was reconstituted with 2.5ml of 

acetone/ethanol and 0.2ml of this solution was dispensed into three different tubes with 3ml 

of FeSO4 solution and 1ml of concentrated H2SO4 acid. Absorbance was measured using 

spectrophotometer at 490nm after vigorous stirring for 10 minutes (Oloyede, 2005). 

This was accessed using the Folin-Ciocalteu (FC) reagent (Singleton, 1999) colorimetric 

method with some modifications from Dewanto (2002). However, Dewanto, (2002) did 

some modification. About 0.5mL of the plant extract (P. africanum) was added to 0.5mL of 

FC reagent (1:1 diluted with distilled water). This was allowed to incubate for 5 minutes at 

220C, after which 2mL of 20% Na2CO3 and kept at 220C for 90min while the absorbance 

was taken at 650nm. Gallic acid was used as the standard  

The immensity of tannins is estimated through spectrophotometric method. Ratio of extract 

and distilled water was obtain in the order of 1:100 and this was perturbed for 1h in 50mL 

final volume. The supernatant was filtered into a 50mL standard flask and filled up to the 

meniscus. 5mL of this was scooped and made to react with 2mL of 100mM HCl together 

with 8mM Fe (CN) 6.3H2O. The readings were determined spectrophotometrically before 

20 minutes expires at absorbance of 395nm wavelength.  

Total flavonoid was measured by the colorimetric approach (Dewanto et al., 2002; Jia et al., 

1999). About 0.25ml of the diluted extract and fractions of P. africanum was added to 

1.25ml of distilled water, as well as to 0.075ml of 5% sodium nitrite solution, and was let 

to react for 5minutes, after which 0.15ml of 1M aluminum chloride was added, too. The 

solution was let to react for 5 minutes before adding 0.5ml of 1M sodium hydroxide. 

Distilled water was then added to bring the total volume of the mixture to 3ml. Absorbance 

compared to prepared blank was measured at 510 nm. 

3.3: Experimental Animals 

Twenty-five (25) swiss mice weighing 18±2g, that were purchased from the pre-clinical 

vivarium of the University of Ibadan, Ibadan, Nigeria, were employed for in vitro 

examination in this work. They were housed in well-ventilated cages and left to acclimatise 
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for two weeks, and provided ad libitum access to animal feed until the beginning of the 

testing. 

3.3.1 Ethical approval 

The clearance for this study undertaking was obtained by Animal Care and Use study Ethics 

Committee with UI-ACUREC/411120/13. 

3.3.2: Experimental designs (in vivo studies) 

Thirty (30) animals were grouped into six different divisions (n=5) and treated orally for 30 

days with P. africanum extract as stated below: 

a) Group 1: control mice (corn oil). 

b) Group 2 : 25 mg/kg bw P. africanum 

c) Group 3 : 50 mg/kg bw P. africanum 

d) Group 4 : 100 mg/kg bw P. africanum 

e) Group 5 : 200 mg/kg bw P. africanum 

f) Group 6:  400 mg/kg bw P. Africanum 

Forty-two (42) mice were divided randomly into 6 different groups containing 7 mice each 

as follows: 

a) Group 1: control mice + corn oil 

b) Group 2: 4% dextran sulfate sodium (DSS) in drinking water. 

c) Group 3: Benzo {a} pyrene (BaP) at 125 mg/kg bw. 

d) Group 4 : DSS + BaP 

e) Group 5: D SS + BaP + P. africanum at 200mg/kg body weight. 

f) Group 6: D SS + BaP + P. africanum at 400mg/kg body weight. 

Groups 2, 4, 5 and 6 were fed with DSS for 10 days to induce colitis while BaP was 

administered to groups 3, 4, 5 and 6 after stopping DSS for 10 days to cause severe colon 

damage. 
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3.4: Inductive apoptotic consequences of crude extract and fractions of P. africanum 

via mPT, mATPase, (in vitro and in vivo) 

3.4.1:  Separation of mice hepatocyte  

The protocol of differential pelleting involved in mice liver isolation in accordance with the 

process outlined by Johnson and Lardy, (1967). 

Principle :The underlying principle of this procedure demonstrates that whenever a 

mitochondrion swells, the mitochondrial outer membrane ruptures, releasing the 

components contained in the mitochondrial inner membrane, while the matrix's volume 

increases. This phenomenon is quantified by the light scattering method at 540 nm due to 

an increased dilution, which is estimated as 

Reagents: 210 mM mannitol, 70 mM sucrose, 5 mM HEPES-KOH, pH 7.4, 1 mM EGTA 

make up buffer C. 

HEPES- 0.12 g melted in 3.83 g of mannitol and seventy milliliters of diluted water. 2.4 

grams of sugar with 0.038 grams of 2-aminoethylene ester ethylene glycol bisA pH 7.4 

solution was also added using base potassium hydroxide. In a typical volumetric flask, the 

solution was diluted to 100ml, then cooled. 

210 mM mannitol, 70 mM sucrose, 5 mM HEPES-KOH, and 0.5% BSA make up buffer D. 

3.83 grams of mannitol and 0.12 grams of zwitterionic sulfonic acid buffering agent are 

added. In 70mL of distilled water, 2.4g of sugar and 0.5% BSA dissolved. KOH was used 

to change the pH to 7.4. A 100ml buffer was adjusted, then put in the fridge. 

Buffer for swelling: (two hundred and ten millimeters Mannitol, 70MM Sucrose, 5MM 

HEPES-KOH, with 0.12g of HEPES,  dissolved in 60 ml of distilled water at a pH of 7.4. 

Then, a HEPES-KOH solution was used to dissolve 2.4g of sucrose and 3.83g of mannitol. 

leveling to the reaction to 100 ml and raise the pH to 7.4, KOH was used. 

Sucrose, dissolved in distilled water, then added to a standard volumetric vessel until it 

reached a volume of 1 liter yielding 0.25 M Sucrose. After that, the remedy was kept in a 

refrigeration unit. 

Method for isolating mitochondria: Animals were slaughtered by shifting their cervical 

vertebrae. The liver was swiftly removed and trimmed. After being blotted using absorbent 
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paper, the liver was weighed. After weighing it, it washed off with an isolation buffer, 

chopped into tiny fragments with scissors, and then homogenized with a Potter Elvehjem 

glass homogenizer in 10% w/v ice-cold solution. It went through a centrifuge at 2300 rpm 

for a five-minute period to separate the nuclear fraction and cell debris from the resulting 

homogenate at 4°C in an MSE centrifugal. 

In order to get a mitochondrial pellet, this step was performed again. The resulting 

supernatant was then centrifuged at 13,000 rpm for 10 minutes.  The resulting pelletized 

was cleaned and spun in 10 minutes at 12,000 rpm in buffer D.  The mitochondrial fraction 

was re-aliquoted into Eppendorf flasks and immersed in MSH buffer after six hours and 

utilized.  For the sake of maintaining the mitochondria's integrity, all of these studies were 

conducted on ice. According to the method described earlier, mitochondria were collected 

and used for the investigation of mitochondrial ATPase enzyme activity. 

3.4.2: Mitochondrial protein determination  

Using this test, we assessed the occurrence of oligopeptides in the assay to measure the 

quantity of amino acids in mitochondria. The underlying hypothesis rests on the behavior 

of tyrosine and tryptophan, two amino acids bearing phenolic groups. These amino acids 

reduce the phosphorus-18-molybdic complex, resulting in a blue hue in the alkaline pH of 

the solution. When amino acids are present, the phosphorus-18-molybdenum-tungsten 

complex declines, giving the substance a blue hue. The absorbance reading is collected at 

750 nm. The experimental procedure followed the methods outlined by Lowry et al. (1951), 

utilizing Bovine Serum Albumin (BSA) as a standard of reference. 

To prepare the chemical solutions, Reagent A was created by dissolving 2 grams of Sodium 

trioxocarbonate (IV) and 4 grams of sodium hydroxide granules in a sufficient amount of 

distilled water in a standard 100 ml volumetric flask. The solution was then diluted with 

distilled water to reach the 100 ml mark. 

Reagent B was prepared by dissolving 2 grams of Sodium Potassium Tartrate in 70 ml of 

distilled water and adjusting the volume to 100 ml with distilled water. 
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Reagent C was made by dissolving 1 gram of Copper (II) tetraoxosulphate (VI) 

pentahydrate in approximately 50 ml of deionized water and then diluting it to the 100 ml 

mark using distilled water. 

Reagent D was created by mixing reagents A, B, and C at a ratio of 100:1:1, respectively 

and finally;  

Reagent E: the Folin-Ciocalteau reagent, was utilised with a stock solution ratio of 1:5. 

During the experiment, 10 milliliters of Bovine Serum Albumin (BSA) at a concentration 

of 4 mg/milliliter from Sigma Aldrich Inc. was employed. The technique required adding 3 

ml of Reagent D to the protein samples and allowed them to rest for 10 minutes at room 

temperature. Next, 0.3 ml of Reagent E was violently mixed with the mixture to ensure 

thorough blending. Stirring was maintained for 30 minutes to develop color, following 

which the optical density was measured at 750 nm using a CamSpec M106 

spectrophotometer. The absorbance values were plotted against relevant BSA absorptions 

or concentrations. 
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Table 3.1: iiProtocol iifor iiProtein iiDetermination 

Test iitubes iiin iitriplicate Blank 1 2 3 4 5 

BSA iistandard iisolution (µl) - 100 200 300 400 500 

Distilled iiwater ii(µl) 1000 900 800 700 600 500 

Reagent iiD ii(ml) 3.0 3.0 3.0 3.0 3.0 3.0 

Stand forii10 iiminutes 

Reagent iiE ii(ml) 0.3 0.3 0.3 0.3 0.3 0.3 
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Table 3.2: Summary of mitochondria swelling assay at 540nM protocol 

Sample 

 

 

Buffer 

(μl) 

Rotenone 

(μl) 

Spermine 

(μl) 

Mitochondria 

(μl) 

CaCl2 

(μl) 

Succinate 

(μl) 

Blank 

 

 

2440 10 - - - 50 

NTA 

 

 

2410 10 - 30  50 

TA 

 

 

2385 10 - 30 25 50 

INH 

 

 

2322 10 62.5 30 25 50 

NTA: No Triggering Agent. TA: Triggering Agent. INH: Inhibitor 
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3.5:  Valuation of mPT Pore opening in intact mitochondria of mice 

Ca2+-accumulating mitochondria can be stimulated to go through a permeability transition. 

According to Lapidus and Sokolove (1993) and extremely non-selective permeation of the 

inner membrane to tiny molecules (1500Da). Isolated mitochondria during permeability 

transition exhibit substantial amplitude colloid osmotic swelling, which reduced 540 nm 

photometric absorption. A number of experimental PT were evaluated by monitoring the 

size of the mitochondria, keeping track of corresponding rise or fall in absorbance.  

Principle: When the mitochondrial membrane is permeable and the mitochondria are well-

positioned so that they scatter less light, the refractive index of the membrane changes 

(Lapidus and Sokolove, 1993). Reduction in absorbance taken spectrophotometerically at 

540 nm. 

Components for making mitochondrial swelling: 80 µM Rotenone: Rotenone (0.32mg) was 

built up to the mark of 100mL after being slightly diluted in distilled water. A dark (or 

amber) bottle was then used to preserve it because it is light-sensitive. 4mM Spermine was 

dissolved in distilled water at a concentration of 8.09 mg (Sigma Aldrich Inc., USA) and 

leveled up into the mark of 10ml, store in a dark container. 

12mM Cacl2.2H2O: Calcium chloride (176.4mg) (Sigma Aldrich inc., USA) was dissolved 

in 8 ml of distilled water and leveled up to 10 ml with distilled water. 250mM Sodium 

succinate: Sodium succinate-675.3mg (Sigma Aldrich inc., USA) was dissolved in 8ml of 

distilled water and leveled up to the 10ml mark. 

Procedure for mitochondrial swelling assay: In the presence of 0.8μM rotenone (10μl) and 

swelling buffer (2200μl), mitochondria were incubated for 3minutes, following addition of  

250mM sodium succinate (50μl), kept for 30seconds to evaluate the mitochondria's 

structural integrity. The mitochondria were initially incubated with rotenone and MSH 

buffer for a period of three minutes when extracellular calcium was employed as a trigger, 

and then 12 mM calcium chloride (25μl) and 250 mM sodium succinate were introduced to 

excite the mitochondria.  

Using a CamSpec M106 spectrophotometer set to 540 nm, the absorbance change was read 

as a result of light scattering. Mitochondria were treated with MSH buffer (2200 μl), 8 mM 
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rotenone (10 μl), and 4 mM spermine (62.5 μl) for 3 minutes to examine the inhibitory 

impact of spermine. Calcium (25 μl) was incorporated after three minutes had passed, and 

after thirty seconds, sodium succinate (50μl) was administered. Spectrophotometric analysis 

was used to measure the absorbance change. 

3.6   Cytochrome c release measurement 

As a committed stage in mitochondrial-mediated cell death, or a moment where apoptosis 

must take place, cytochrome c is always released when the mitochondrial pore opens.  

Principle 

It is based on the concept that when the mitochondrial permeability transition pore opens, 

the mitochondrial intermembrane releases cytochrome into the cytosol. At the Soret peak, 

which is detected using an ultraviolet (UV) spectrophotometer, the heme-containing protein 

fragments emit the highest intensity. The amount of cellular pigment released from the 

isolated mitochondria was measured using the technique described by Appaix et al. (2000) 

by measuring the Soret peak value for cytochrome c at 414 nm ( = 100mM-1cm-1). 

For the preparation of Buffer C (1mM EGTA coupled with KOH, pH 7.4), 0.12g of HEPES, 

3.83g of mannitol, 2.4g of sucrose, and 0.038g of 2-aminoethyl ester-N,N,N',N-tetraacetic 

acid ethylene glycol were dissolved in a volume of 100 ml in a volumetric flask. The pH 

was adjusted to 7.4 using KOH, and the solution was frozen. To create Buffer D (210 mM 

mannitol, 70 mM sucrose, 5 mM HEPES-KOH, and 0.5% BSA), HEPES ethanesulfonic 

acid (0.12g) was dissolved in 70 ml of distilled water, along with 3.83g of mannitol, 2.4g 

of sucrose, and 0.5% bovine serum albumin.  

The pH was adjusted to 7.4 with KOH. The solution was then increased to a volume of 100 

ml and stored in the refrigerator until needed. A solution containing HEPES (0.12g), 3.83g 

of mannitol, and 60 ml of distilled water was also included of distilled water as a swelling 

buffer. The combination comprises 5mM HEPES, KOH PH 7.4, 70mM sucrose, and 

210mM mannitol. 2.4 grams of sucrose were scattered in the solution within a flask with a 

flat bottom, 100 ml of KOH was diluted after using KOH to elevate the pH to 7.4. 
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85.6g of sugar were dissolved in 1L of distilled water to create 0.25M sucrose in a typical 

volumetric flask. The final product was chilled before  use. 12mM iCacl2.2H2O- Calcium 

chloride (0.1764g) (dehydrate i(Sigma iAldrich iInc., iUSA) iwas idissolved iinto i8 ml 

ivolume iof idistilled iwater iand iwas later made up to 10 iml iusingidistilled iwater. 

Procedure: One milligram (1 mg) (protein/ml) of mitochondria was first incubated in a 

solution of 0.8 M rotenone in a medium comprising 210 mM mannitol, 70 mM sucrose, and 

5 mM HEPES KOH (pH 7.4). for i30min iat i27°C. Which proceeded iin theipresence of ia 

fraction iof ivarious concentrations iusing i24mm icalcium ias istandard. iUpon incubation, 

the imixture iwas centrifuged iat i15,000rpm ifor i10minutes. iThe iabsorbance of ithe 

supernatant iwas measured at i414nm,icorresponding ito ithe iɤ ipeak iof icytochrome ic. 
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 Figure i3.1: iStandard icurve iof icytochromec ic released 
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3.7: Assessment iof imitochondrial iATPase (mATPase)iactivity  

ATP synthase, a complex v in respiratory chain catalyses the synthesis of ATP in a normal 

condition but the enzyme works in reverse manner in a certain condition, thereby 

hydrolysing ATP to ADP and Pi (inorganic phosphate-PO4) and cumulation of Pi may 

induce induction of mPT pore and the structure of the pore is not known. However, Paulo 

Bernadi proposed the enzyme was the pore. ATPase assay measures the activity of efflux 

transporters indirectly and was determined by the method of Lardy and Wellman (1953) as 

modified by Olorunsogo and Bababunmi (1979).  

Principle: When mPT pore opens, making a dip in the potential of the membrane. This 

causes mATP synthase, which is tangled in the creation of ATP, to hydrolyze ATP (using 

an enzyme called ATPase) (ATPase). ATP, which is a substrate, binds with an enzyme, 

which is called ATP synthase, to produce an enzyme-substrate complex. This complex then 

leads to the synthesis of ADP and inorganic phosphate. 

This is dependent on the formation of a complex chemical when molybdate is combined 

with inorganic phosphate (Pi) that has been treated with ascobate, a reducing agent. This 

results in the production of a blue hue, the intensity of which is proportional to the amount 

of inorganic phosphate (Pi) present in the mixture (Pi). 

Procedure: A modified version of the Wellman (1953) method was described by 

(Olorunsogo and Malomo, 1985) was utilized in order to evaluate the amount of 

mitochondrial ATPase activity. In this study, a protein concentration of 1 mg/ml was used 

rather than a concentration of 2 mg/ml of mitochondrial protein. According to the data, each 

reaction mixture had a concentration of 25mM sucrose, 1mM ATP, 0.5mM KCL, and 

65mM Tris-HCl buffer at a pH of 7.4. Through the utilization of distilled water,there was 

an increament of the reactant volume to an entire or a whole milliliters of 2.  

The reaction was kicked off by adding a mitochondrial suspension, which was then placed 

in a water bath at a temperature of 27 degrees Celsius for thirty minutes while being shaken. 

The reaction was terminated by adding 1 milliliter of a solution containing 10% sodium 

dodecyl sulfate. The preparation of a time zero tube began with the addition of mitochondria 
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to a reaction vessel, which was followed by the addition of SDS to halt the reaction. This 

was done while the reactions in other vessels were halted at intervals of 30 seconds. 

Reagents- TRIS-Hcl-0.01M (pH i7.4): After dissolving 1.21 grams of tris (hydroxymethyl) 

aminomethane (made by Sigma-Aldrich Inc. in the United States of America) in 60 

milliliters of dilH2O and bringing the pH (7.4), bringing the completing volume to 100 

milliliters by adding more distilled water. The container was stored in the refrigerator. 

Sucrose (0.25M) : 6.56 grams of sucrose manufactured by Sigma-Aldrich Inc. in the United 

States were dropped in 60 milliliters of distilled water before the measurement was filled to 

100 milliliters. 

 KCL (1M): )After dissolving 7.45 grams of potassium chloride (KCl) manufactured by 

BDH Chemicals in England in 60 milliliters of distilled water, the volume was brought up 

to 100 milliliters with more distilled water. 

ATP (0.01M): i)After dissolving 0.062g of ATP disodium salt (Sigma Aldrich Inc., USA) 

in a small amount of dil. water, the total contents was brought to 10ml, adding more distilled 

water. After that, kept in the refrigerator. 

Ascorbic iacid (2 %): Ascorbic acid (2g) manufactured in England by BDH Chemicals were 

solvated in 80 milliliters of water (distilled) before levelling volume to milliliters of 100. 

Ammonium imolybdate (5%):In 80 milliliters of 6.5% hydrogen peroxide, 5.0 grams of 

ammonium molybdate were dissolved. The volume was brought up to the 100 ml level using 

the same solvent, and then it was placed in a plastic bottle and kept at ambient temperature. 

Trichloroacetic iacid (10%) )i:The i10 igrams iof itrichloroacetic iacid ithat iwere purchased 

from iBDH iChemicals iin iEngland iwere idissolved iin i80 imilliliters iof idistilled iwater 

before ibeing idiluted iwith imore idistilled iwater iuntil ithe ivolume ireached i100 

milliliters. iFollowing ithat, iit iwas ipreserved iin ithe irefrigerator. 
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3.7.1 i i iDetermination iiof iimitochondrial iiinorganic iiphosphate iiconcentration i 

iPrinciple: When iinorganic iphosphate iis iexposed ito imolybdic iacid, ia iyellow icolor iis 

iproduced. iThis iyellow icolor imay ibe ichanged ito ia iblue ihue iby iadding iascorbic 

iacid, iand ithe istrength iof ithe icolor ithat iis iproduced iis iproportional ito ithe iamount 

of iinorganic iphosphate ipresent. iThe iinorganic iphosphate irelease iconcentration iwas 

examined ias idescribed iby iBassir i(1963) iand ithe igraph ican i`be ifound iin iappendix. 

Reagents-Na2HPO4(10mM): iOne hundred and forty-two (142) milligrams of disodium 

hydrogen phosphate from Sigma-Aldrich Inc. in the United States were dissolved in 60 

milliliters of distilled water, and the volume was brought up to 100 milliliters with more 

distilled water. 

Ammonium imolybdate (1.25%) iin i6.5% iH2 SO4: Hopkins and Williams Ltd. in England 

provided the ammonium molybdate (6.52g), which was thawed inside 450ml of 6.5% 

H2SO4, and the volume of the total mixture was brought up to 500ml with additional 6.5% 

H2SO4 (which was H2SO4 added to a little water and brought to 500ml). The molybdate 

solution that was obtained was kept at a temperature of 25 degrees Celsius in a container 

made of plastic. 

Ascorbic iacid (9%): iAfter dissolving 22.5 milligrams of ascorbic acid from BDH 

Chemicals in around 160 milliliters of distilled water, the volume was brought to 250 

milliliters, dispensing more water. 

Procedures: For the purpose of generating a conventional inorganic phosphate release curve, 

disodium hydrogen phosphate at a concentration of 1 mM was utilized. For the standard 

curve, many different concentrations of 1mM Na2HPO4 were used. After incubating the 

sample at room temperature for thirty minutes, the absorbance was measured at 660 nm. 

The blank was made up of distilled water. 
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Table 3 .3: iProtocol ifor iinorganic iphosphate icontent 

Test itubes iin 

iDuplicates 

Blank 1 2 3 4 5 6 7 8 

1 imM iNa2HPO4 (µl) - 20 40 60 80 100 120 200 300 

 

Distilled iwater i(µl) 1000 980 960 940 920 900 880 800 700 

 
1.25% iammonium 

imolybdate i(ml) 

 

1 1 1 1 1 1 1 1 1 

9% iascorbate i(ml) 1 1 1 1 1 1 1 1 1 
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3.8: Measurement iof I Lipid iPeroxidation (in vitro and in vivo) 

This is the chain of reactions of oxidative degradation of lipids. A process that takes up 

electrons from the lipids in cell membranes causing the damage of the cells. Some products 

of medicinal plants may have dual facets effects which may be both antioxidant and pro-

oxidant effects, when its pro-oxidant, they induce free radicals and peroxidation of 

mitochondria membrane lipid. This study was conducted to ascertain that the induction 

observed was not as a result of reactive oxygen species but by bioactive present in the plant. 

Principle: According ito ithe imethod idescribed iby i(Ruberto iet ial., i2000), ilipid 

peroxidation iwas idetermined. iThe iproduct; iMalondialdehyde (MDA), iformed iduring 

lipid iperoxidation, ireacts iwith ithiobarbituric iacid iforming ia ipink iproduct. iButanol iis 

used ito iextract ithe icolored iproduct iand iis imeasured ion ia ispectrophotometer iat i532 

nm. 

Reagents: Thiobarbituric iacid(0.8%): Thiobarbituric iacid (0.8g) (BDH iChemicals iLtd, 

Poole, iEngland) iwas idissolved iin ia ivolume iof i50 iml idistilled iwater iand iadjusted 

to ithe i100 iml imark iwith idistilled iwater iin ia ivolumetric iflask. 

Sodium idodecyl isulphate(1.1%): i:Sodium idodecyl isulfate (8.1g) (BDH iChemicals iLtd, 

Poole, iEngland) iwas idissolvediin i80ml idistilled iwater iand ithe isolution iwas iadjusted 

to ithe i100ml imark iin ia ivolumetric iflask iusing idistilled iwater. iEqual ivolumes iof 

TBA iand iSDS iwere imixed iand iused iin ithe iassay. 

Ferrous isulphate(60µM) i:Ferrous isulfate iheptahydrate i(FeSO4.7H2O) i(Sigma iAldrich 

Co. iSt iLouis iUSA) of 0.8341g iwas idissolved iin ia ismall iamount iof idistilled iwater 

and ithe iresulting isolution iwas iadjusted ito i50 iml. 

Acetic iacid(20%): i)Twenty (20ml) of iglacial iacetic iacid i(BDH iChemicals, iLtd, iPoole, 

England) iwas iadded ito i80 iml iof idistilled iwater. 

Procedure (in vitro): Two (2mg/ml) iof imitochondria iobtained ifrom irat iliver iand 

fractions iof ivarious iconcentrations i (50–800 iµg/ml) iwere iadded ito ieach itube iand 

adjusted ito i1ml iwith idistilled iwater. i0.05ml iof i60μM iFeSO4 iwas iadded ito ithe 

reaction imedium iand iincubated ifor ialmost ihalf ian ihour iat i37°C. i1.5ml iof i20% 

acetic iacid iand i1.5 iml iof iTBA iwere iadded iin iSDS, imixed ion ia ivortex imachine 
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and iheated ito i95°C ifor i1 ihour. iAfterwards, iit iwas iallowed iand ithoroughly imixed 

with i3ml iof ibutan-1-ol iand icentrifuged iat i3000rpm ifor i10 iminutes. iThe ioptical 

density iof ithe iupper iorganic ilayer iwas imeasured iat i532nm. 

Percent inhibition of lipid peroxidation = Ao-A1/ Ao x 100…………….……………..3.2 

Where: 

Ao = absorption of control; A1 = sample absorbance 

Reagents for Lipid peroxidation (LPO) in vivo 

1. 30% trichloroacetic acid (TCA) 

4.5g trichloroacetic acid (TCA) (CCl3COOH) was dissolved in distilled water and 

adjusted to 15ml with the same solution. 

2. 0.1M hydrochloric acid (HCl) 

Addition of 13µl conc. form of 36.5 – 38 % of hydrochloric acid in DH20 and made 

to 15ml. 

3. 0.75% ithiobarbituric iacid i(TBA) 

0.1125g ithiobarbituric iacid i(TBA) iwas idissolved iin i0.1M iHCl iand imade iup 

ito i15ml iwith i0.1M iHCL. iDissolution iwas iaided iby istirring iin ia ihot iwater 

ibath i(50°C). 

4. 0.15M iTris-KCl ibuffer i(pH i7.4) 

0.559g ipotassium ichloride i(KC) iand i0.909g iTris ibase iwere idissolved iin 

i45ml idistilled iwater. iThe ipH iof ithe isolution iwas iadjusted ito i7.4 iwith iHCl 

iand ithe ivolume iwas ileveled iup ito i50 iml iwith iwater. 

 

Procedure: An ialiquot iof i0.4ml iof ithe itest isample iwas imixed iwith i1.6ml iof iTris-

KCl ibuffer, iand i0.5ml iof i30% iTCA iwas iadded. iSubsequently, i0.5ml iof i0.75% TBA 

was ialso iadded iand ithe iresulting isolution iwas iincubated iin ia iwater ibath ifor 45min 

at i80°C. iIt iwas ithen icooled iin iice ito iroom itemperature iand icentrifuged iat 3000rpm 

for i10minutes. iThe iclear isupernatant iwas icollected iand ithe iabsorbance iwas measured 

against ia istandard icontrol isample iusing idistilled iwater iat i532nm. 
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LPO Calculation : Extinction coefficient of 0.156µM-1cm-1 was employed to determine the 

MDA level (Adam-Veasey and Sergi, 1982). 

Lipid peroxidation (nmol MDA/mg protein) =  

absorbance x volume of mixture 

E532 nm x sample volume x mg protein/mL…………………………………………….3.3 

3.9: Caspases i9 iand i3 ilevels 

Cysteine-aspartic proteases play essential role in programmed cell death. They cleave a 

target protein only after an aspartic acid residue, they are synthesised as a single zymogen 

and they are activated by a specific initiator caspase. 

Principle: The basic idea behind the sandwich ELISA technique used is to 

measure, concentration of a particular amino acid  that are particular to the one combined 

with a colorimetric substrate that the strength is proportional to the concentration of 

the specific one under study. 

Multiple secondary antibodies will bind to the primary antibody, leading to signal 

amplification, when the protein-specific secondary antibody (caspases 9 and 3) that is 

biotin-bound recognizes and binds to the primary antibody recognizes and surrounds the 

desired protein in the cell lysate. Both monoclonal and polyclonal antibodies can be 

employed in sandwich ELISA systems to capture and detect antibodies. Monoclonal 

antibodies recognize just one epitope, making it possible to detect and quantify even minute 

variations in an antigen with accuracy. A polyclonal antibody is frequently used.  

When utilized to bind the biotin-bound secondary antibody, the streptavidin-HRP complex 

(horseradish peroxidase) was known for its streptavidin moiety. The HRP's substrate is 

hydrogen peroxide. The oxidation of the hydrogen donor, which occurs during the reaction, 

is related with the splitting of hydrogen peroxide, which results in a change in color. The 

HRP domain reacts with the added TMB substrate. A colorful product is created as a result, 

and the chromogenic signal is detected at 450 inm using the plate reader (ChroMate-4300, 

Florida, USA). An inhibitor solution, which is normally acidic, was then added to block the 

process (Engvall, 1972; Schmidt et al., 2012). 
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To iprepare ithe isamples iand itest iCaspases i9 iand i3 iusing ithe iElisa iTechnique, irat ilivers iwere 

idissected, iweighed, iand ithoroughly iwashed iwith iphosphate-buffered isaline iuntil ia iclear iwash 

isolution iwas iobtained. iThe iliver iwas ithen ihomogenized ion iice, iand ithe iresulting ihomogenate 

iwas icentrifuged iat i8000 irpm ifor i5 iminutes. iThe iresultant isupernatant iwas itransferred to 

sample tubes and frozen. After two days of freezing, the samples were allowed to thaw, 

expediting cell disintegration. This technique was conducted twice before testing the 

samples for Caspases 9 and 3. 

The iprocedure ifor ithe iElisa iprocess ifollows ithe iguidelines ipublished iby ithe imanufacturer 

i(Elabscience ikit). iSamples ior istandards i(50 iµl) iwere iadded ito ithe iwells, ifollowed iby i50 iµl iof 

ithe iantibody imixture/cocktail i(a icomponent iof ithe iElabscience ikit). iThe imicroplate iwas 

iclosed iand iincubated ifor ione ihour iat iroom itemperature i(25°C) ion ia iplate ishaker irunning iat 

i400 irpm. iThe iwells iwere ithen icleaned ithree itimes ito ieradicate iloose iparticles, iachieving 

i100% iliquid ievacuation iat ieach istep. iAfter ithe ilast iwash, ithe imicroplate iwas ispun iand iwiped 

with ia iclean ipaper itowel ito iremove iexcess iliquid. iNext, i100 iμl iof iTMB isubstrate iwas iadded 

and iincubated ifor i10 iminutes iin ithe idark. iThe iprocess iwas iterminated iby iadding i100 iμl iof istop 

solution, causing the hue to transition from blue to yellow. The absorbance was measured 

at 405 nm. 

 

 

 

 

 

 

 

 



 
 

82 

 

Concentration mg/kg  

Figure 3.2: Caspase Standard Curve 
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3.10: Toxicity Assays 

Pathological situations are influenced by changes in haematological parameters, liver 

enzymes etc since the World Health Organisation (WHO, 2012) has documented that most 

complications in diseases result from haematological changes in the required cells such as 

erythrocytes, leukocytes etc (Baahubali, 2013). Haematology tests help to diagonise 

anemia, infection or a general blood disorder, inflammation among others.  

3.10.1: Haematological parameters 

The iresulting iserum iwas iseparated ifrom ithe iclotted iblood iwith ia iPasteur ipipette and 

used ifor ihormonal ianalysis (Henry, i1979; iThavasu, i1992). 

Tissue preparation: The silver and colon were rapidly removed, dissected, and with 10% 

formalin for approximately five days to ensure complete fixing. They were then rehydrated 

in increasing concentrations of isopropyl alcohol over the course of one hour. Organs that 

had been dehydrated were cleansed in xylene and transplanted in two shifts using vaseline 

oil. Ehrlich's hematoxylin was used to stain tissue sections for eight minutes. Following this, 

the sections were rinsed using regular water, then submerged in abrasive alcohol to get rid 

of any leftover spots. It was then positioned for micro photography after being 

counterstained with 10% aqueous eosin (Hopwood, 1996). A counterstained with 10% 

aqueous eosin (Hopwood, 1996). 

Experimental animal preparation: Twenty-four hours following the final treatment, the 

animals were murdered by cervical dislocation and the blood samples were obtained by 

heart puncture. The blood samples for haematological parameters-red blood cell (RBC) 

count, white blood cell (WBC) count, platelet count, packed cell volume (PVC), 

hemoglobin etc were collected into EDTA bottles and analysed as follows:  

Volume of the packed cell was measured by collecting blood sample into non-heparinized 

tubes, sealed with plasticine and spun in hematocrit centrifuge at 250g for 5min. PVC was 

then read using a hematocrit reader. To evaluate the white blood cell count, the whole blood 

sample was mixed with 380µl of Turk solution and allowed to settle for 2 minutes. The 
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resulting samples were then placed in a Newbaur counting chamber and placed in a humid 

room for 1 minute. The samples were observed under a microscope using a ax10 objective. 

For platelet count, the complete blood samples were mixed with 380µl of an ammonium 

oxalate solution, settled for 2 minutes, and then placed in a counting chamber within a 

humid chamber for 1 minute. The count was performed using a x40 objective. 

To determine the differential white blood cell count for lymphocytes, monocytes, 

eosinophils, and neutrophils, a thin film of whole blood was created on a grease-free slide. 

The slide was air-dried and stained with Leishman stain for 5 minutes. The stain was then 

diluted with phosphate buffered saline on the slide and allowed to stain for an additional 10 

minutes. After washing and mopping the slide, the differential count was performed, air-

dried and read under a microscope using an oil immersion objective. 

3.10.2 Liver function tests 

3.10.2.1: Aspartate amino transferase (AST) activity 

This enzyme catalyses the reversible transfer of an α-amino group between aspartate and 

glutamate and, as such is an important enzyme in amino acid metabolism. Its activity was 

determined via RANDOX AST test kit.  

Principle: AST is a measured by monitoring the concentration of oxaloacetate hydrazine 

formed with 2,4 dinitrophenylhydrazine. 

α-oxologlutarate + L-aspartate →L-glutamate + oxaloacetate…………………………..3.4 

Reagent 1:100mmol/1 of phosphate buffer pH 7.4 

100mmol/1 of L-aspartate 

2 mmol/1 α-oxoglutarate 

Reagent 2:2, 4 dinitrophenylhydrazine 

0.4 mol/1 sodium hydroxide solution 

4g of sodium hydroxide was dissolved in distilled water and made up to 100mL 
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Table 3.4:  Protocl for determination of AST activity 

 

 Reagent blank Sample 

Sample 

 

-------- 0.1mL 

Solution 1 (R 1) 

 

0.5mL 0.5mL 

Distilled water 

 

0.1mL ------- 

The samples were mixed and incubated for 30mins at 370C 

 

Solution (R 2 0.5mL 0.5mL 

   

Samples were mixed and allowed to stand for 20mins at 250C 

 

Sodium hydroxide 5.0mL 5.0mL 

 

Samples were mixed and absorbance was read against after 5mins at 546nm with a 

microplate reader. 

Note: 200µL of the reaction mixture was pipette into microplate before taking the 

absorbance readings. 
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3.10.3 Assessment of Antioxidant Indicators 

Since liver enzymes often scavenge free radicals, it is crucial to quantify their scavenging 

activity. They shield and defend cells from free radicals, which can help in the treatment of 

diseases.  

Principle: The three intracellular anti-free radical proteins SOD, catalases, and peroxidases 

all work by converting O2 into H2O2, while SOD converts H2O2 into water.  However, direct 

toxicity occurs and glucose absorption is further inhibited when H2O2 removal is altered by 

inhibiting these intracellular antioxidant enzymes, leading to a chemically reduced status of 

glucose deprivation and hydro peroxidation that will eventually be disrupted. 

3.10.3.1: Glutathione-s-transferase (GST) indices 

The GST activity was measured in 1974 using the Habig et al. (1974) approach. 

Principle: Since iall iknown iglutathione-S-transferases ihave ireasonably ihigh iactivity 

when iemploying i1-chloro-2,4-dinitrobenzene ias ithe isecond isubstrate, ithe iclassic 

glutathione-S-transferase iactivity iassay iuses i1-chloro-2,4-dinitrobenzene ias ithe isecond 

substrate. iWhen iconjugated iwith ireduced iglutathione, ithe isubstance's iabsorption 

maximum ishifts ito ia ihigher iwavelength. iThe inew i340nm iwavelength iat iincreased 

absorption ienables ifor ia idirect iassessment iof ithe ienzyme iprocess. 

Reagents ipreparation: 1-Chloro-2,4-dinitrobenzene i(CDNB): Reduced glutathione (3.37 

mg) was dissolved in one 1mL of ethanol to make 20 mM CDNB. 

Reduced Glutathione (0.1M): Reduced glutathione (30.73mg) was mixed in 1mL of 

phosphate buffer in the test tube.  

Phosphate buffer (0.1 M; pH 6.5): A capacity of 1000mL was made with distiled water of 

K2HPO4 (4.96 g) and KH2PO4 (9.73 g) with a pH of 6.5. 

Procedure: In the test tube containing 0.2ml of 1mM GSH, 0.025ML of 1mM CDNB and 

0.1ml of homogenate in a total volume of 2ml for GST analysis was added 1.67ml of sodium 

phosphate buffer (0.1M, pH 6.5). Absorbance was taken at 340nm spectrophotometerically 

and the enzyme activity was calculated as n moles of CDNB conjugates formed min-1 mg1 

protein using molar extinction coefficient of 9.6 x 103 M-1 cm-3 (Mannervik, 2010). 
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3.10.3.2   Lipid Peroxidation Assay  

Tissue Preparation : The tissues were weighed, cut into small pieces, and homogenized in a 

9:1 ratio on ice. For 10 minutes, the tissue homogenate was centrifuged at 1000 g rpm. The 

supernatant was kept on ice for future research.  

Procedure After adding 0.1mL of the reagent mix to the standard test tube and 0.1mL of 

absolute ethanol to the blank test tube, the procedure was completed. The sample test tube 

and the control test tube each received 0.1ml of the sample solution. Then, 0.1 ml of reagent 

was applied to each test tube (blank standard, sample, and control). Additionally, each 

solution received 3.0ml and 0.1ml of (R x 2) and (R x 3) additives, respectively. 

One (1.0ml) of 50% glacial acetic acid was added to the control and then mixed thoroughly. 

The tube was fastened with the plastic film and a small hole was then pierced with a needle. 

However. 40 minutes of 95°C water bath incubation were followed by 40 minutes of running 

water cooling for the test tubes. With the spectrophotometer adjusted to zero using double-

distilled water, the mixture was spun at 3100 rpm for 10 minutes. The supernatant was then 

collected, and the value was measured at 532 nm using a cuvette with a 1 cm diameter. 

3.10.3.3:iDetermination of Reduced Glutathione Activity (GSH) 

Beutler et al method was used to measure GSH level (1963)  

Principle: For the determination of reduced glutathione activity (GSH), the Beutler et al 

method from 1963 was used. This method relies on the reaction of GSH with 5,5'-dithiobis(2-

nitrobenzoic acid) (Ellman's reagent) to produce 2-nitro-5-thiobenzoic acid, which has a 

molar absorption at 412 nm. The optical density at 412 nm is proportional to the level of 

reduced glutathione in the sample.  

Preparation of Reagents: 

1. Glutathione Working Standard 

Phosphate buffer (0.1M; 100 mL; pH 7.4) was used to solvated 40 g of GSH. 

2. Buffer (0.1M Phosphate at pH 7.4) 
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a. Na2HPO4.2H20 (7.1628 g; mol. Wt. 358.22) was mixed in dH2O (200 mL capacity) 

to make Na2HPO4.2H20 (0.1M; mol. Wt. 358.22). 

b. NaH2PO4.2H2O (1.5603 g; mol. Wt. 156.03) was dissolved in dH2O (100 mL 

capacity) to make 0.1M NaH2PO4.2H2O (mol. Wt. 156.03). 

3. Finally, by mixing solutions (a) and (b) and positioning the pH to 7.4, 0.1M 

phosphate buffer was created. 

Ellman’s Reagent [5,5’-dithiobis-(-2-nitrobenzoic acid) DTNB] 

A total of 40 mg of DTNB was dissolved in 0.1M phosphate buffer and filled to a capacity 

of 100 mL. 

Precipitating Solution: Sulphosalicyclic acid (4g) in dH2O of 100 mL capacity 

(C7H6O6S.2H2O, Mol Wt. 254.22) to yield 4 % sulphosalicyclic acid. 

Procedure: To achieve 1 in 10 dilutions, the test sample (0.1 mL) was diluted with H2O (0.9 

mL). To deproteinize the diluted test sample, and addition of 4 % sulphosalicyclic acid 

solution (3 mL precipitating solution) was applied. At 3000 g, centrifugation was observed 

for 10mins, mix the supernatant (0.5mL) with 0.1M phosphate buffer (4ML), afterwhich 

Ellman's Reagent (4.5 mL) was injected. Blank made from 0.1 M phosphate buffer (4 mL), 

0.5 mL of the diluted precipitating solution (made by mixing 3 mL of precipitating solution 

to 2 mL of distilled water), and 4.5 mL of the Ellman's Reagent combination. After applying 

Ellman's Reagent, the samples were read at 412 nm within 5 minutes with the unstable 

colour produced. Reduced glutathione, or GSH, has a linear relationship with absorbance at 

412 nm. 
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3.10.3.4:  Superoxide iDimutase (SOD) Activity Measurement i( 

This was carried out according to the technique of Mistra and Fridovich (1972).  

Principle: The measurement of superoxide dismutase (SOD) activity was carried out 

according to the technique of Mistra and Fridovich from 1972. This method is based on the 

ability of SOD to inhibit the autoxidation of epinephrine at pH 10.2. An aliquot of the diluted 

sample solution was mixed with sodium carbonate buffer at pH 10.2. A blank was prepared 

using distilled water and the sodium carbonate buffer. The reaction was initiated by adding 

adrenaline solution, and the absorbance was measured against the blank. 

Preparation of Reagents: 

Carbonate buffer (0.05M, pH 10.2): In 900 mL of dH2O, Na2CO3.10H20 (14.3 g ) and 

NaHCO3 (4.2 g) were dissolved. After adjusting the pH to 10.2, 1000 mL of distilled water 

was added. 

Epinephrine (0.3M): Freshly prepared soltion, epinephrine (0.0137 g) dissolving in dH20 

(200 mL).  

Procedure: The ratio of the first dilution (1) to the ninth dilution (9) was obtained from a 

serum sample of 1 mL coupled with distilled water. An aliquot of 0.2 mL from the diluted 

sample solution was combined with 2.5 mL of a pH 10.2 anhydrous sodium carbonate 

(Na2CO310H20) buffer, which has a concentration of 0.05 M. To make the blank, 2.5 mL 

of the anhydrous sodium carbonate buffer was pipetted into a test tube along with 0.2 L of 

distilled water, and the test tube was then mixed. The addition of freshly made 0.3 nM 

adrenaline solution to the combination, which was quickly mixed using the inversion 

approach, started the reaction mixture. One cuvette was filled with one millilitre of the 

sample solution, and another cuvette was filled with one millilitre of the blank solution. The 

data set was then compared to the blank using a UV/visible spectrophotometer, and the 

absorbance at 480 nm was measured and recorded every 30 seconds for 150 seconds. 
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Calculation of SOD: Change in optical density per minute 

 = Af - Ai 

            2.5 

Ai = initial optical density 

Af = final optical density 

% Inhibition =        Increase in sample optical density      × 100………………….3.5 

               Increase in blank optical density  

 

The amount of superoxide dismutase required to block the oxidation of adrenalin by at least 

50% is defined as a unit of superoxide dismutase activity. 

3.10.3.5:  Catalase ((CAT) activity Measurement 

Claiborne et al technique was used to determine catalase activity  (1984). 

Principle: The basis of this protocol, is the reduction of absorbance at 240nm when catalase 

spilts hydrogen peroxide. Although hydrogen peroxide has no optical density maximum at 

this wavelength, its optical density corresponds well enough with concentration to be used 

in a quantitative analysis. The extinction coefficient (Noble and Gibson, 1970). 

Preparation of Reagents: Phosphate buffer (0.05 M, pH 7.4): A hundred (100mL) of 

dipotassium hydrogen phosphate (0.696 g) and potassium dihydrogen phosphate (0.265 g) 

dissolved in dH20 (90 mL) at pH 7.4 

Hydrogen peroxide (19mM):This solution was made by dissolving 30 % H2O2 in 50 mL 

phosphate buffer and filling to 100 mL. 

Procedure: iIn a 1 cm quartz cuvette, sample (50µl) was pipetted into 19 Mm hydrogen 

peroxide (2.95 mL) mixture. After quickly inverting the mixture to mix it, it was placed in 

a spectrophotometer. Every 5 minutes, the absorbance was measured at 240nm.  
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3.11:  Purification of subfraction -Piptadeniastrum africanum stem bark  

Two phases are used for the removal of impurities from plants, the mobile (solvent system) 

and the stationary (silical gel) and bioactive compounds are separated based on their to 

desires for the phases. The migration features their affinity for the phytochemicals present 

in the plant.  

Principle:A gas chromatography/mass spectrometer, or GC/MS separates chemical 

mixtures (using the GC component) and identifies the components of the mixture at the 

molecular level (MS component). When a mixture is heated, the GC method relies on the 

principle of breaking the mixture down into its component parts. The heated gaese travel 

through a column that is filled with an inert gas (eg helium) pass through the entrance of the 

column and the compounds to be separated are brought into the mass spectrometer. The 

mass of the analyte molecule is used as the identifying factor for chemicals in mass 

spectrometry. 

Materials: 

1. Glass chamber having a button  

2. Silica gel (immovable/stationary phase)  

3. Mixture of solvents - absolute chloroform/ methanol (mobile phase) 

4. cotton wool 

Protocol : Dry mesh silica gel (60-200) was packed in the column as a immobile state, while 

the moveable phase was added to the column. It  was then preliminarily adsorbed by silica 

gel in a ratio of 1:1 prior to stationary phase. The pre-adsorbed mixture was washed away 

using varieties of solvent systems madeaccording to the polarity. The pooling of those with 

the same Rf values on the thin layer chromatography plate was done. 

A line 1 cm long was drawn to the bottom of a chromatographic plate measuring 10 cm by 

5 cm. The line was spotted with each fraction using a capillary tube and dropped into a 

chromatographic chamber containing a mixture of chloroform and methanol in a ratio of 

3:2. Migration of the solvent occurred up the plate and a line was drawn indicating the 

volume of the solvent, air dried and viewed in the short ultraviolet range of 254 nm and the 

long ultraviolet range of 365 nm. The high purity eluents were then subjected to GC-MS 

and NMR analyses. 
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For the gas chromatography assessment of P. africanum stem bark, an HP-5890 gas 

chromatograph equipped with HP-Wax and HP-5 capillary columns was used. The oven 

temperature was programmed from 60°C to 220°C at a rate of 5°C per minute. Helium was 

used as the carrier gas at a flow rate of 2mL/min. A Varian CP-3800 gas chromatograph 

coupled with a Varian Satum 2000 ion trap mass detector was used for gas chromatography 

coupled with mass spectrometry (GC-MS) analysis. The injector and transfer line 

temperatures were 220°C and 240°C, respectively.  

The gas chromatography oven temperature range was programmed from 60°C to 240°C at 

a rate of 30°C/min. Helium was used as the carrier gas at a flow rate of 1mL/min. The 

identification of the plant was established by comparing the retention time and retention 

indices of the constituents with those of reference standards. Mass spectra were also 

compared with published spectra and reference standard compounds. The concentration of 

each component was determined by measuring the gas chromatography peak areas. 

3.12:  Physical Appearance (Loss in body weight) 

The mice's total body weight was determined daily using a weighing balance throughout the 

entire study, starting from the beginning and continuing until the validation of colitis 

symptoms.  

3.13:  DNA Fragmentation  

Principle: The measurement of fragmented nuclear waste involved utilizing the DNA 

fragmentation method developed by Wu et al., (2005). This method relies on the extraction 

of highly fragmented double-stranded DNA from chromosomal DNA through 

centrifugation sedimentation. 

In an acidic environment, a light-sensitive molecule called diphenylamine (DPA) reacts 

with d-2-deoxyribose in DNA, resulting in the formation of a blue-colored complex. The 

absorbance at 620 nm and the percentage of fragmented DNA were determined based on 

the amount of intact DNA molecules. 

Reagents: To prepare the TRITON buffer (TET), a solution was made by dissolving 5 mM 

Tris and 20 mM EDTA, pH 8.0 Tris-HCl (0.61 g) and 7.45 g EDTA in a small amount of 
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distilled water. Then, 2 mL of Triton-X100 solution was added, and distilled water was 

added to make the final volume 1 L after adjusting the pH to 8.0. For the TE buffer, 20 mM 

Tris-HCl (0.61 g) and 7.45 g EDTA were dissolved in a small amount of distilled water, 

and distilled water was added to reach a final volume of 1 L in a volumetric flask. The pH 

was adjusted to 8.0. 

Diphenylamine (DPA) solution: 0.1 L of acetic acid and 1.5 g of diphenylamine were 

combined. Afterward, 1.5 mL of saturated H2SO4 was added to the solution. 

Procedure for tissue homogenate: The mice were put to death by cervical dislocation, and 

their livers were then chopped into little pieces, cleaned, and weighed. Following that, the 

tissues were homogenised by combining them with 10 litres of pH 8.0 TET buffer. The 

intact chromatin precipitate was separated from the disturbed supernatant by centrifuging 

the homogenate at 27,000 g for 20 minutes. To resuspend the intact chromatin pellet, TE 

buffer was added. Five millilitres of each sample were transferred to separate tubes. Each 

tube received 3 mL of freshly made diphenylamine solutions, which were then incubated in 

the incubator for 20 hours at 37 degrees Celsius. Measurements were made of the 

absorbance at 620 nm. 

Calculation of DNA fragmentation: The fragmented DNA was calculated thus; 

The broken % of DNA  = B / (A+B) x 100……………………………………….…….3.6 

However, A- (complete DNA) while B - (fragmented DNA) 

 

3.14 Immunoassays  

Mice were slaughtered 24 hours after the final dose by dislocating their cervical vertebrae 

after receiving intraperitoneal injections of P. africanum for 10 days. They were swiftly 

dissected, and blood was drawn from the heart and placed in flat tubes for the manufacture 

of the serum. The whole blood clot was spun down at 3000 rpm for 10 minutes after 30 

minutes. 
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3.14.1: Immunodetection of apoptotic and inflammatory biomakers 

Principles: Immunohistochemistry (IHC) is a way to find foreign substance (antigens) in 

the cells of liver and colon sections by using the way vaccines (antibodies) bind to antigens 

in these tissues. Their binding is performed in diverse ways. Enzymes, horseradish 

peroxidase (HRP) was used to speed up the color-making process (Clifon, 2011) most of 

the time. 

3.14.2: Preparation of Immunohistochemistry samples 

The approach entails immersing specific sections of liver and colon tissues in a solution of 

10% formalin for a predetermined duration. To conduct Immunohistochemistry 

investigations, several reagents were utilised. Absolute Ethanol was manufactured by 

decreasing a specific quantity of absolute ethanol until it occupied exactly 100 ml, resulting 

in ethanol of varying grades at 10%. 

Phosphate buffered saline with a pH of 7.4 (PBS, pH 7.4) was created by mixing distilled 

water with exact amounts of KCl, NaOH, kH2PO4, and sodium hydrogen phosphate. 

By adding phosphate-buffered saline to 125 mL of 40% formalin to create a final volume 

of 500 mL, a 10% buffered formalin solution was created. Ten millilitres of 30% hydrogen 

peroxide were dissolved in one thousand millilitres of phosphate-buffered saline to create a 

0.3% hydrogen peroxide solution. 

The technique used in the study, also known as the avidin-biotin-immunoperoxidase 

method, is known as the avidin-biotin complex (ABC) approach. Each antibody marker has 

a 1:100 dilution factor applied to it. Using a rotary microtome, 2 micron-thick slices of liver 

and colon tissue were cut, and they were then heated on a hot plate at 70 degrees Celsius 

for at least an hour. The slices were ultimately submerged in water after being treated with 

xylene and alcohol. 

The tissue slices were heated for five minutes and then chilled to remove antigens. The 

sections were covered with a 3% hydrogen peroxide solution, which was left to work for 15 

minutes as part of the peroxidase-blocking procedure. The sections were washed in 
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phosphate-buffered saline, and for 15 minutes, avidin was employed to prevent protein 

binding. Endogenous biotins were blocked for 15 minutes in the tissue by biotin application, 

followed by three more blocking sessions. The sections were then washed with phosphate-

buffered saline and exposed to the relevant primary antibody at the proper dilution for an 

hour. 

The sections were exposed to the secondary antibody for 15 minutes after excess antibodies 

had been eliminated by washing with phosphate-buffered saline. The sections were washed, 

and then a secondary antibody that had been coupled to horseradish peroxidase (HRP) was 

used. A DAB substrate solution was then used after the sections had been washed with HRP 

PBS for at least five minutes. In regions with high readings, in particular, a brown colour 

response began to emerge. Water was used to wash away extra DAB solution and 

precipitates. Hematoxylin solution was used to counterstain the sections for at least two 

minutes, producing a brief blue stain. Following alcohol-induced dehydration, the sections 

were cleaned with xylene before being mounted with DPX. The targeted antigenic sites 

were deemed present in cells that displayed different shades of brown in the cytoplasm, cell 

membrane, or nucleus. Negative scores were given to cells that had no brown pigmentation 

when hematoxylin stained them.  

3.14.3: Histopathology  

This approach aids in better understanding the link between antibodies and antigens. 

Method: The strategy depends on externally tagged antibodies to identify or monitor 

specific antigens in tissue sections that represent distinct disease states. These antigens 

could be either defined or specific. 

Procedure: The samples were fragmented and kept in a 10% formaldehyde solution before 

collection. Dehydration of the samples entailed soaking them in various alcohols at separate 

sampling points. Pure alcohol was applied for fixation for three hours, followed by transfer 

to xylene for seventeen hours. The samples were then sliced into smaller pieces and 

positioned on a wooden board for rectification using a microtome. The previously 

introduced wax was utilised for embedding. Each histology sample was sectioned using a 
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microtome, resulting in slices with a thickness of five micrometers. Subsequently, the 

fragments were floated in warm water to unfold the tissue samples. Afterward, the samples 

were dried on a hotplate and stained with hematoxylin and eosin (HE). 

3.14.4: Immunohistology 

After the blocking step, the samples were separated by dipping slides into xylene twice for 

a total of five minutes each, and then the slides were submerged into absolute alcohol twice 

for a total of three hours. The next procedure included submerging the sample in alcohol at 

a concentration of 95% twice and 70% just once, each for a duration of three minutes. In 

order to execute antigenic recapturing, the samples were washed in washing buffer twice 

for a total of five minutes. This exposed the antigenic epitope in the samples. Other stages 

were completed as described in the reference, and a chromogenic color stain was noticed 

on the antibody using a microscope. 

3.15: Statistical iAnalysis 

Determination of the mean, standard deviation, and confidence interval for 95% were 

performed using The Turkish exam in order to make group comparisons and determinations. 

The Graphpad Prism program was used to do a number of different comparisons. All data 

were analysed using descriptive statistics and ANOVA at α0.05. 
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CHAPTER FOUR 

RESULTS 

4.1 Determination of Qualitative and Quantitative Phytochemical Screening of P. 

africanum 

Table 4.1.1 offers a qualitative phytochemical assessment of the crude methanol extract 

(CM), chloroform fraction (CF), ethyl acetate fraction (EAF) and methanol fraction (MF) 

of P. africanum stem bark. Outcome revealed reveals the presence of cardiac glycosides, 

saponins, phenol, tannins, flavonoids and steroids are present in the crude extract, but the 

chloroform fraction contains a large amount of alkaloids, tannins, flavonoids and steroids, 

while alkaloids, phenol, flavonoids and steroids are abundant in the ethyl acetate. Methanol 

fraction, contains a large amount of cardiac glycosides, saponins, phenol flavonoids and 

steroids. However, alkaloids are absent in the methanol fraction 
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Table 4.1.1: Qualitative Phytochemical Screening of P. africanum stem bark 

Phytochemicals 
 

Crude 

Methanol 

Extract 

Chloroform 

Fraction 

Ethyl 

Acetate 

Fraction 

Methanol 

Fraction 

Alkaloids  + ++ ++ - 

Cardiac Glycoside + + + ++ 

Saponins + + + ++ 

Phenol + + ++ ++ 

Tannins + ++ ++ + 

Flavonoids + ++ ++ ++ 

Steroids + ++ ++ ++ 

Present +   Absent –     Abundant ++ 
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Quantitative phytochemical screening of crude and stem bark fractions of P. africanum 

revealed the presence of tannins, cardiac glycosides, saponins, phenol, flavonoids, and 

steroids, as shown in Table 4.1.2. The results showed that ethyl acetate has the highest 

percentage of flavonoids, which is 4.529 ± 0.11, the methanol fraction has the highest 

percentage of phenolic compounds and saponins, which are 1.574 ± 0.01 and 2.394 ± 0.03, 

respectively, and ethyl acetate has the highest percentage of tannins, which is 8.450 ± 0.21. 
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Table 4.1.2: Quantitative Phytochemical Screening of P. africanum stem bark 

Phytochemicals  Crude  

Methanol 

Extract 

Chloroform 

Fraction 

Ethyl acetate 

Fraction 

Methanol 

Fraction 

Flavonoids % 0.251±0.05 1.037±0.04 4.529±0.11 0.393±0.02 

Phenols % 0.736±0.08 0.072±0.01 0.597±0.03 1.574±0.01 

Saponins % 2.310±0.12 0.556±0.04 0.426±0.01 2.394±0.03 

Tannin % 1.196±0.08 1.113±0.04 8.450±0.21 1.990±0.06 
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4.2:  Assessment of crude extract of P. africanum on apoptotic biomakers 

4.2.1 Assessment of Mitochondrial integrity 

The data presented in Figure 4.1 revealed the baseline alteration in uptake caused by non-

addition of calcium was low, indicating no definite different in the normal succinate-

respiring mitochondria when rotenone was added for twelve (12) minutes. With the addition 

of calcium pore opening activator, an increase in swelling amplitude by 7.5 times was 

observed, which was significantly (p˂0.05) reversed by an inhibitor, spermine from 81% 
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Fig 4.1: Evaluation of the impact of spermine and ca2+ on mice mPT Pore. 
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4.3: Inductive iEffect iof ivarying iconcentrations iof icrude imethanol iextract iof iP. 

iafricanum istem ibark ion imPT i(in ivitro) 

4.3.1 iAssessment iof ithe ieffect iof ivarying iconcentrations iof icrude imethanol iextract iof iP. 

iafricanum istem ibark ion iMitochondrial iMembrane iPermeability iTransition iPore 

iopening iin ithe iabsence iand ipresence of Ca2+ (in vitro) 

The results showed that crude methanolic extract of P. africanum stem bark was found to 

open mitochondrial-membrane permeability transition pore with inductions of 3.4, 4.9, 6.1 

and 6.3 folds in the absence of calcium in figure 4.2 together with this 8.5, 7.7, 7.0 and 6.6 

folds when calcium was present at 20, 60 100, also 140 µg/mL in figure 4.3, respectively. 

However, addition of calcium (a standard trigger agent) further enhanced the induction 

process. Maximum induction of 6.3fold was observed at140 µg/mL in the absence of the 

trigger-agent while the highest induction of 8.5fold was observed at the lowest 

concentration of 20µg/mL in the presence of calcium. 
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Figure 4.2:  Effect of varying concentrations of crude methanol extract of P.  africanum 

stem bark on mitochondrial membrane permeability transition pore  opening in the 

absence of ca2+Induction fold (Absence of  Ca2+ -3.4, 4.9, 6.1 and 6.3) 
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Figure 4.3:  Effect of varying concentrations of crude methanol extract of P. africanum 

stem bark on mitochondrial membrane permeability transition pore opening in the 

presence of Ca2+. Induction fold (Presence of Ca2+- 8.5, 7.7, 7.0 and 6.6) 
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4.4: Assessment of the potency of P. africanum stem bark fractions on apoptotic 

biomarkers.  

4.4.1: Assessment of the potency of varying concentrations chloroform, ethyl acetate 

and methanol fragments of iithe iistem iibark iiof iiP. Iiafricanum mitochondrial-mediated 

with and without ca2+ (in vitro). 

From a previous study, a crude methanolic extract of P. africanum was found to open 

mitochondrial pores, and the plant was also shown to have certain biologically active agents 

responsible for opening pores. The mPT (in vitro) assay was performed using various 

concentrations of three fractions of chloroform, ethyl acetate and methanol. Figure 4.4 

showed the effect of chloroform and there was no induction in the absence of ca2+ while the 

presence of calcium in figure 4.5 potentiated the calcium induced opening in a reversed 

order with induction of 9.1, 7.4, 7.1 and 6.3 folds.  

However, figure 4.6 revealed that ethyl acetate fraction had significant inductions of 3.8, 

5.7, 6.0 and 8.0 while figure 4.7 divulged that addition of calcium disclosing decreased 

inductions with increase in concentrations 5.7, 5.4, 5.2 and 3.6, folds respectively. Methanol 

fractions opened the pore of mitochondria but had the highest (5.0) induction at 100µg/mL 

in the absence as shown in figure 4.8 had 2.3, 2.5, 5.0 and 4.6, the triggering agent  opened 

the pore in a reversed manner with 8.0, 7.3, 7.2 and 5.4 in figure 4.9, all concentrations at 

20, 60, 100 and 140 µg/mL, respectively. The result showed that highest mPT pore opening 

was observed with ethyl acetate having highest induction of 8.0-fold 140µg/ml. 
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Figure 4.4: Effect of different chloroform fraction concentrations on mitochondrial 

membrane permeability transition pore opening in the absence of Ca2+ (in vitro). 

Induction fold: No induction  
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Figure 4.5: The impact of various chloroform fraction concentrations on the opening 

of the mitochondrial membrane permeability transition pore in the presence of Ca2+ 

(in vitro). Induction fold:   9.1, 7.4, 7.1 and 6.3  
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Figure 4.6: Effect of varying concentrations of ethyl acetate fractions of P.  africanum 

stem bark on mitochondrial membrane permeability transition pore opening in the 

absence of Ca2+ (in vitro). Induction fold: 3.8, 5.7, 6.0 and 8.0 
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Figure 4.7: Effect of varying concentrations of ethyl acetate fractions of P.  africanum 

stem bark on Mitochondrial Membrane Permeability Transition Pore opening in the 

presence of Ca2+ (in vitro). Induction fold: 5.7, 5.4, 5.2 and 3.6 
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Figure 4.8: Effect of varying concentrations of methanol fractions of P.  africanum 

stem bark on mitochondrial membrane permeability transition pore opening in the 

absence of Ca2+ (in vitro). Induction fold: C-2.3, 2.5, 5.0 and 4.6 
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Figure 4.9: Effect of varying concentrations of methanol fractions of P.  africanum 

stem bark on Mitochondrial Membrane Permeability Transition Pore opening in the 

presence of Ca2+ (in vitro). Induction fold: 8.0, 7.3, 7.2 and 5.4 
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4.4.2: Effect iiof iivarrying iiconcentrations iiof iiextract iiand iifractions iiof iithe stem 

bark iiof iiP. iiafricanum iion iiCytochrome iiC iirelease (in vitro) 

The outcome of the result in figure 4.10 shows that cytochrome c was released significantly 

from both the crude methanol extract and its fractions (chloroform, ethyl acetate and 

methanol fractions). The amount of cytochrome C that was released was highest in the ethyl 

acetate fraction, then in the methanol fraction, and then in the crude methanol extract. There 

was no release of cytochrome c observed by chloroform fraction when compared to the 

control. Ethyl acetate had the highest release at 180µg/ml which proved that mPT pores 

were opened. 
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Key 

 

Figure 4.10: Effect of various concentrations of iextract iand ifractions iof iii iithe iistem iibark 

iiof iiP. Iiafricanum iithe iistem iibark iiof iiP. Iiafricanum on cytochrome c release of mice liver 

mitochondria at pH 7.4  

Significant differences from the control are indicated by: * (p < 0.05), ** (p < 0.01), 

*** (p < 0.001) and **** (p < 0.0001) 
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4.4.3: The impact of various amounts of crude extract and fractions of P. africanum 

stem bark on ATPase activity (in vitro)  

Figure 4.11 revealed the effect of various concentrations of the fractions and extract of P. 

africanum on the ATPase action of mitochondria of the mice liver. The data obtained 

showed that there was a statistically distinct activity (p˂0.05), and the greatest increase of 

mitochondrial ATPase activity was discovered to be enhanced by ethyl acetate fraction, 

methanol fraction, crude methanol extract, and chloroform with ethyl acetate having the 

highest enhancement at a concentration of 180 μg / mL and this was observed in 

concentration dependent manner.  

The results obtained here are consistent with mPT result and cytochrome c. There was 

improvement of ATPase action and phosphate accumulation which result in metabolic 

alterations that helps mPTP formations causes the uncoupling of mitochondria making it to 

work in a reverse manner so as go hydrolyse ATP, with the reduced ATP levels, the cells 

lack structural and functional integrity, resulting in irreversible damage and cell death. 
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Key 

 

Figure 4.11: Effect of using fractions and extract from the stem bark of P. africanum 

at various concentrations on ATPase activity of mice liver mitochondria at pH 7.4  

Significant differences from the control are indicated by: * (p < 0.05), ** (p < 0.01), 

*** (p < 0.001) and **** (p < 0.0001) 
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4.4.4: Effects of different amounts of extract and fractions of P. africanum stem bark 

on lipid peroxidation caused by Fe2+ using Mitochondria as Lipid-rich medium (in 

vitro) 

The outcome of the crude methanol crude extract and P. africanum fractions on iron-

induced lipid peroxidation is manifested (Figure 4.12). The results showed, pore opening 

by the solvent fraction was not as a result of membrane damage. The results also showed 

that ferrous-induced lipid peroxidation was ameliorated by the stem bark of P. africanum 

crude methanol extract and fractions when compared to the control in concentration 

dependent order. The highest inhibition was seen by chloroform at 180 μg / mL.  

Ethyl acetate was manifested as the most potent fractions via the permeabilization of the 

membrane of the mitochondria, release of cytochrome c, enhancement of ATPase activity 

and inhibitory activity which was not as a result of membrane damage. The result also 

showed a concentration-dependent in of Fe2+-induced lipid peroxidation by extract and 

fractions of P. africanum revealing that the plant contains bioactive compounds that can act 

as free radical scanvengers.  

  

 

.  

  

 

 

 

 

 

 



 
 

118 

 

Figure 4.12: Effect of various extract and fraction concentrations of P. africanum stem 

bark on Fe2+-induced lipid peroxidation (C) of mice liver mitochondria at pH 7.4  

Significant differences from the control are indicated by: * (p < 0.05), ** (p < 0.01), 

*** (p < 0.001) and **** (p < 0.0001) 
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4.5: Representative profile of the most potent (ethyl acetate) fraction mPT (in vivo)  

4.5.1: Representative profile of the effects of varying doses of P. africanum stem bark 

of ethyl acetate fraction on the opening of mitochondrial membrane permeability 

transition pores (in vivo)  

The integrity of mitochondria for induction depends on the intactness, suitability and 

uncoupling of the mitochondria with calcium as the triggering agent and spermine a 

significant reversal agent. It was evidenced that the mitochondria used in this study were 

intact, suitable and not uncoupled according to figure 4.13. Figure 4.14, which shows the 

effect of ethyl acetate measured spectrophotometrically at 540 nm for 12 minutes at 30 

seconds, and a distinct increase in pore opening was observed (p˂0.05), with induction of 

2.5, 4.9 and 6.9 folds at 25, 50 and 100mg/kg body weight respectively. The maximum 

opening of 6.9 induction fold was observed at the highest dose of 100 mg/kg body weight. 
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Figure 4.13: Calcium-induced mitochondrial membrane permeability transition pore 

opening in normal mice liver mitochondria and its reversal by spermine.   

TA: 5.5 Induction    Inhibitor: 87% inhibition 
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Figure 4.14: Representative profile of the effects of varying doses of ethyl acetate 

portion of P. africanum stem ibark ion ithe imitochondrial imembrane ipermeability 

itransition ipore iopening i(in ivivo) i 

NTA: Non-triggering agent; TA: t= Triggering agent;  

Induction fold -2.5, 4.9 and 6.9 
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4.5.2: Effect of varying doses of ethyl acetate iifractions iiof iiiithe iiiistem iiiibark  of P. 

africanum on ATPase activity 

There was significant enhancement of ATPase activity in the values obtained 30%, 45% 

and 65% by varying concentrations of ethyl acetate at 25, 50 and 100 

milligrame/kilogramme  body weight in dose dependent manner in relation to control of 

10% and the highest was viewed at 100mg/kg bw. 
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Figure 4.15: Effects of varying doses of ethyl acetate fraction of the stem bark of P. 

africanum on ATPase activity at pH 7.4 (in vivo) 

 

Values are expressed as mean ± standard deviation.  Significant differences from the 

control are indicated by: * (p < 0.05), ** (p < 0.01), *** (p< 0.001) and **** (p< 0.0001) 
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4.5.3: Determination of varying doses of ethyl acetate iifractions iiof iiiithe iiiistem iiiibark  of 

P. africanum on Lipid Peroxidation 

Figure i4.16 ishows ithat ithere iwas ino isignificant idifference iin ithe iresults iobtained iwith ivarying 

idoses iof iethyl iacetate ifractions iof ithe istem ibark iof iPiptadeniastrum iafricanum 
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Figure 4.16: Effects of various dosages of iiithe iiistem iiibark iiiof iiiP. iIiafricanum ethyl acetate 

form on Lipid Peroxidation at pH 7.4 (in vivo) 

 

Values are expressed as mean ± standard deviation.  Significant differences from the 

control are indicated by: * (p < 0.05), ** (p < 0.01) and *** (p< 0.001) 
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4.5.4: Effect of different doses of ethyl acetate fraction of iiithe iiistem iiibark iiiof iiiP. 

iIiafricanum using the Elisa Technique on Caspases 9 and 3 

There was a relevant increase in caspases 9 and 3 levels with the in vivo administration of 

the ethyl acetate fraction of P. africanum. This was observed in a dose-dependent manner 

as shown in figure 4.17. The ethyl acetate P. africanum causes induction in the levels of 

caspase 9 activity by 30%, 55% and 76% related to 30% (control) and caspase 3 activities 

by 25%, 45% and 68% against control of 10% at 25, 50 and 100 mg/kg body weight 

respectively. The result confirmed that the ethyl acetate fraction of P. africanum is a 

modulator of mitochondria-mediated apoptosis through the activation of caspases 9 and 3 

levels. The increase in caspases 9 and 3 activities in all the doses indicates that the plant 

supports apoptotic process.  
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Figure 4.17: Effects of different ethyl acetate fraction dosages of iiithe iiistem iiibark iiiof iiiP. 

iIiafricanum on the levels of Caspases 9 and 3 at pH 7.4 (in vivo).  

Values are expressed as mean ± standard deviation.  Significant differences from the 

control are indicated by: * (p < 0.05), ** (p < 0.01), *** (p< 0.001) and **** (p< 0.0001) 
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4.6: Evaluation of Pipatdeniastrum africanum stem bark Toxicity 

4.6.1: Assessing the toxic effect on some hematological parameters of mice orally 

exposed to ethyl acetate fraction stem bark of P. africanum. 

The effect of the administration of the P. africanum stem bark on twenty mice (20±2g) 

grouped into four (4) with five (5) mice in each treated interperitoneally with group one 

(vehicle), groups 2, 3 and 4 received 25, 50 and 100mg/kg body weight respectively for 14 

days and samples were taken for toxicity analyses which revealed that there were no 

significant differences in all the parameters (haematological, LFT, RNT and antioxidants) 

measured when compared with the control as indicated below.    

4.6.1.1 Hemoglobin concentration 

Heamoglobin (HB [g/dl]) - the results obtained are 11.40±0.74, 12.20±1.04, 11.37±0.03, 

11.00±1.13 and 11.11±0.32 in relation to 10.10±0.32 at 20, 50, 100, 200 and 400mg/kg 

body weight. This result supported other results that there was no difference between the 

doses of the plants administered to the experimental animals in relation to that of control. 

Mean corpuscular volume (MCV [fL]) has 60.39±0.52, 62.04±2.08, 58.20±1.43, 

61.08±2.34 and 61.57±0.23 in comparison to 61.89±2.2 at 25, 50, 100, 200 and 400mg/kg 

body weight in comparison to the control.  

4.6.1.2 The Red Blood Cell (RBC) has 5.96±0.38, 6.03±0.59, 5.36±0.41, 5.91±0.86 and 

5.97±0.77 versus 5.03±0.33 at 25, 50, 100, 200 and 400mg/kg body weight versus control. 

This result specified that no sustantial alteration in the doses when compared to the control.  

4.6.1.3 Packed cell volume - (PCV [%]) reveals 36.30±16, 36.30±3.85, 32.70±0.47, 

34.65±5.20 and 35.65±20 versus 31.00±2.16 at 25, 50, 100, 200 and 400mg/kg body weight 

versus the control and it shows that there was no distinct difference between the results 

obtained at various doses compared to the control. 

4.6.1.4 Mean corpuscular hemoglobin (MCH [pg]) – The data obtained from this study 

are 19.78±0.18, 19.80±0.41, 19.16±0.42, 18.95±0.32 and 18.88±0.23 while 19.49±0.24 was 

obtained for the control at doses of 25, 50, 100, 200 and 400mg/kg body weight. 
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4.6.1.5 Mean corpuscular hemoglobin concentration (MCHC [gm/dL])-There was no 

significant difference in the data derived from the study when compared to the data derived 

from the control. The doses at 25, 50, 100, 200 and 400mg/kg body weight have 32.75±0.23, 

32.45±0.57, 31.81±0.40, 31.95±0.50 and 32.03±0.55 compared to 32.33±0.23 of control.  
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Table 4.6.1: Hematological Parameters 

 

 

 

 

 

 

 

 

Parameters Control 25mg/kgb

w 

50mg/kgb

w 

100mg/kgb

w 

200mg/kgb

w 

400mg/kgb

w 

RBC  5.03±0.33 5.96±0.38 6.03±0.59 5.36±0.41 5.91±0.86 5.97±0.77 

PCV% 31.00±1.24 36.30±2.16 36.30±3.85 32.70±0.47 34.70±5.24 35.65±5.20 

HB(g/dl) 10.10±0.32 11.40±0.74 12.20±1.04 11.37±0.03 11.00±1.13 11.11±0.32 

MCV (fL) 61.89±2.24 60.39±0.52 62.04±2.08 58.20±1.43 61.08±2.34 61.57±2.22 

MCH (pg) 19.49±0.24 19.78±0.18 19.80±0.41 19.16±0.42 18.95±0.32 18.88±0.23 

MCHC (gm/dL) 32.33±0.23 32.75±0.20 32.45±0.57 31.81±0.40 31.95±0.50 32.03±0.55 

LYMPHOCYTES 68.70±2.05 65.00±1.41 68.30±3.85 66.00±2.16 67.30±3.68 67.55±3.33 

NEUTROCYTES 27.66±2.49 29.33±1.24 28.33±4.78 28.00±1.63 29.30±4.10 28.98±2.45 

MONOCYTES 2.31±0.47 2.30±0.47 1.66±0.47 1.66±0.47 1.30±0.42 1.35±0.47 

EOSINOPHILS 2.00±0.82 1.83±0.94 2.30±0.47 1.86±0.47 2.00±0.82 2.05±0.78 
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4.6.2: Determination of the effects of ethyl acetate fraction of P. africanum stem bark 

on liver and renal function test in mice 

In the figure 4.18 below, it was found that ethyl acetate P. africanum has no toxic effect in 

relation to the control. No significant (p < 0.05) difference was found in all the parameters 

measured on both the liver function assays -Alkaline phosphatase (ALP), Aspartate amino 

transferase (AST), Alanine amino transferase (ALT) and renal function test – Urea (UR), 

creatinine (CRT) and Total protein which shows the plant is not toxic. 
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A B 

C 

D E 
F 

Figure i4.18: iEffects iof iethyl iacetate ifraction iof iP. iafricanum istem ibark ion iliver ifunction itest- iserum 

i{A-alkaline iphosphatase i(ALP), iB-alanine iamino itransferase i(ALT), iC-aspartate amino 

transferase (AST); Renal function test: D-urea (UR), E- creatinine (CRT) and F- Total protein} 

b and ns-Significant difference relative to control (p < 0.05) 

 



 
 
  

133 

4.6.3: Validating the effect of ethyl acetate fraction of P. africanum on antioxidant 

enzymes in mice 

The results of this study as reported in figure 4.19 showed significant differences at (p < 0.05) 

with dose of 400mg/kg body weight in all the parameters when compared to the control, A-

superoxide dismutase (SOD), B- catalase (CAT), C- glutathione-s-transferase (GST), D- 

reduced glutathione (GSH) in figure 4.19. However, E- lipid peroxidation (LPO) showed a 

significant decrease in MDA level. Ethyl acetate has shown antioxidant activity through its 

ability to enhance GSH, SOD, GST, total protein and inhibit lipid peroxidation to maintain 

cellular homeostasis. The plant demonstrated antioxidant activity by its ability to enhance 

GSH, SOD, GST, total protein and its inhibitory ability on lipid peroxidation in the tested 

animals. 
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Figure 4.19: Effects of P. iafricanum istem ibark iethyl iacetate ifractions ion imice ilipid 

iperoxidation iand iantioxidant istatus 

 

Key iSOD(A) i= iSuperoxide idismutase; iCAT(B) i= iCatalase; iGST i(C)= iGlutathione-S-

transferase i GSH i(D) i= iReduced iGlutathione; iLPO i(E)= iLipid iperoxidation a- 

isignificant idifference irelative ito icontrol; ins-no isignificant 
difference relative to control (p < 0.05) 
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4.6.4: Evaluation of the histological examination of the mice liver 

The histology data reported on plate 4.1 reflected the outcome of the investigation. In the 

control group, normal central venules and portal tracts were discovered, depicted by the white 

arrow. The hepatocytes demonstrated normal morphology, as indicated by the blue arrow, 

while the sinusoids appeared normal and were not invaded, as revealed by the thin arrow. No 

bleeding or suspicious lesions were identified. At a dose of 25 mg/kgbw, normal hepatocyte 

morphology was found, however there was an enhanced focal area of fat degradation visible, 

represented by the black arrow. The central venules and sinusoids appeared normal and were 

not invaded. The identical pattern happened at a dose of 50 mg/kgbw, where hepatocyte 

morphology remained normal, and sinusoids appeared normal without infiltration. 

In the group given a dose of 100 mg/kgbw, normal central venules and portal tracts were 

detected. However, hepatocytes revealed substantial microvesicular steatosis, with apparent 

fatty vacuolizations in the cytoplasm (blue arrow). The sinusoids appeared normal and were 

not invaded. In the 200 mg/kgbw group, central venules appeared normal without congestion 

(white arrow), while the portal tract revealed denser connective tissue (black arrow). The 

sinusoids appeared normal and were not invaded. However, in the 400 mg/kgbw group, 

hepatocyte morphology partially appeared normal with small vacuolations (blue arrow), and 

sinusoids showed normal without infiltration. No bleeding was noted, and no morphological 

abnormalities were seen. Overall, the data revealed that there were no substantial 

morphological abnormalities in the studied samples. 
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Plate 4.1: Photomicrographs of liver sections from mice treated with ethyl acetate P. 

africanum (X400). 

 

 

 

 

 

 

 

Plate 4.1: Assessing the bioactivity guided assays 

 

 

 

 

 

 

 

 

 

 

Control 25mg/kgbw 50mg/kgbwt

100mg/kgbwt 400mg/kgbwt200mg/kgbwt
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Table 4.7.1: Pooled subfraction in ratios of ithe imost ipotent isubfraction iof iethyl iacetate 

iof iP. africanum stem bark. 

 

 

 

 

  

 

 

 

 

 

 

SUBFRACTIONS SOLVENTS 

100% ETHYL ACETATE SUBFRACTION   A 

80% ETHYL ACETATE: 20% METHANOL SUBFRACTION  B 
 

60% ETHYL ACETATE: 40% METHANOL SUBFRACTION  C 

40% ETHYL ACETATE: 60% METHANOL SUBFRACTION  D 

20% ETHYL ACETATE: 80% METHANOL SUBFRACTION  E 

100% METHANOL SUBFRACTION   F 
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4.7.2: Modulatory effect of various concentrations of ethyl acetate subfractions (in 

ratios) of the istem ibark iof iP. iafricanum ion iMPTP iopening ito iconfirm ithe imost ipotent 

isubfaction i(in ivitro) 

The iresults iobtained iin iall ithe igroups i(A, iB, iC, iD, iE iand iF) iin ifigure4.20 idemonstrated ithat ithere 

iwere idistinct imodulations iof imPT ipore iopening iand ithe itrend iof ithe opening were not 

consistent in some groups resulting in reversal of the opening and the concentrations used 

were 20, 60, 100, 140 and 180μg/mL, respectively. In group A, the opening of the pore 

observed were 1.2, 4.5, 6.6, 4.5, 7.9 folds, the reversal occurred at 140μg/mL. Group B caused 

significant opening of mitochondrial pore having inductions of 1.7, 4.5, 6.7, 8.0 and 7.9 folds, 

it reversed at the highest concentration of 180μg/mL.  

There was significant opening of the pore in group C with the following induction folds 3.7, 

5.4, 5.7, 5.4 and 5.4, it was discovered that three different concentrations (60, 140 and 180 

μg/mL had the same induction fold of 5.4. At group D, opening of the pore was experienced 

only at the highest concentration of 180 μg/ml having 5.0 induction fold in comparison with 

the triggering agent (TA) while highest induction of 5.9 -fold was noticed at the lowest 

concentration (20 μg/mL) in group E which was further potentiated down the concentrations. 

However, there was a large amplitude swelling of mitochondria in group F. The induction 

folds were 3.8, 5.6, 6.4, 8.1 and 8.9 and they were discovered in concentration manner. Group 

F was found to be the most potent due to 8.9 times the induction of all groups. 
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Figure 4.20: Effect of various concentrations of ethyl acetate subfractions (in ratios) of 

the stem bark of P. africanum on mPTP opening to confirm the most potent subfractions 
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Table 4. .2: Purification  Pooled samples (ratios) from Column Chromatography 
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 PLATE 4.2: Spotted Pooled Subfractions on Thin Layer Chromotography (TLC) Key: 

viewed at short (A) UV 254nM and long (B) UV  65nM (ELUTING SOLVENT: 

CHLOROFORM: METHANOL  :2) 
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Table 4.7.3: Pooled, Partially Purified Samples from Column Chromatography 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TUBES ELUTING SOLVENT PARTIALLY PURIFIED  

SUBFRACTIONS 

1-13 CHL: MET 

 3: 2 

A 

14-20 CHL: MET 

 1: 1 

B 

21-29 CHL: MET 

3: 3 

C 

30-59 CHL: MET 

1: 4 

D  

60-144 CHL: MET 

4: 1 
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Plate 4.3: Identification of the Plant via Column Chromatography   

   

Key: Partially purified ethyl acetate subfraction on prep Thin Layer Chromatography 

(TLC) Plate  (A) 

Purified fraction of ethyl acetate subfraction of P. africanum on TLC Plate  

Viewed at 365nM (B), 254nM (C) 
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4.7.3: Modulatory effect of partially purified pooled ethyl acetate subfractions of P. 

africanum on MPTP opening to know the most potent (in vitro) 

Induction of the opening of membrane permeability transition pore by all the groups is 

presented in figure 4:20. In the absence of calcium, there was no induction of mitochondrial 

membrane permeability opening while in the presence of calcium the mitochondrial 

membrane permeability occurred with an induction fold of 5.6, this was reversed by spermine. 

Upon addition of various groups (A, B, C, E, D and E) at the same concentration (50μg/mL), 

it was discovered that there was a significant increase in group A having induction fold of 5.3 

while others B, C, D and E had 3.7, 1.0, 0.9 and 0.5 respectively. The result revealed that 

group A subfraction of ethyl acetate had the highest induction fold and thereby was used for 

the next study. 

 

Figure 4.21: Effects of partially purified pooled ethyl acetate subfractions of P. 

africanum on mPTP opening (in vitro) 

NTA- Triggering            TA – Triggering agent.  

(Eluting Solvent- Chloroform: Methanol (A-3: 2, B-1: 1, C-3: 3, D- 1: 4 and E- 4: 1)  
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 4.8: Identification of purified compound (GC-MS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.22: Total ion chromatogram of purified ethylacetate fraction of  P. 

africanum stem bark 

O

O

O

O

O

O
HO

O

O

CH

OH

propanoic acid 2-methyl- 
2-ethyl-3-hydroxy 2,2,4-
trimethylpentyl ester

Propanoic acid, 
2-methyl-, 2-ethyl-
3-hydroxyhexyl ester

1,2-Benzenedicarboxylic acid, butyl cyclohexyl 
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Table 4.8.1: GC-MS analysis of the purified ethyl acetate fraction of PA 

 

S/N Suspected Compounds 

Identified 

% 

Area 

RT Reported Bioassays Chemical 

Class 

Molecular 

Formular 

1 
 

1,2-

Benzendicarboxylic,but

ylcyclohexyl ester 

91 14.774 It is acknowledged to possess 

noticeable pharmacological 

activities, including 

antineoplastic, antimicrobial 

and antiviral activities also,  

possesses anti-cancer activities. 

Benzoic 

acid ester 

C17H24O3 

2 
 

Propanoic acid, 2-

methyl-, 2-ethyl-3-

hroxyl-2,2,4-

trimethylpentyl ester 

78 8.142 It is an example of non-steroidal 

anti-

inflammatory drugs (NSAIDs) 

used in the treatment of 

inflammation associated with 

tissue injury. 

Carboxylic 

ester 

C17H24O3 

3 Propanoic acid, 2-

methyl-, 2-ethyl-3-

hroxylhexyl ester 

72 8.142 Also, an example of non-

steroidal anti-

inflammatory drugs (NSAIDs) 

used in the treatment of 

inflammation associated with 

tissue injury. 

  

Isobutyric 

acid 

C17H24O3 
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Figure 4.23: GC-MS spectra of 1,2-Benzendicarboxylic, butylcyclohexyl ester 
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Figure 4.24: Mass Spectrometry of 1,2-Benzendicarboxylic, butylcyclohexyl ester 
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 Figure 4.25: GC-MS spectra of Propanoic acid, 2-methyl-, 2-ethyl-3-hroxyl-2,2,4- 

trimethylpentyl ester 
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Figure 4.26 Mass spectra of Propanoic acid, 2-methyl-, 2-ethyl-3-hroxyl-2,2,4-

trimethylpentyl ester 
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Figure 4.27: GC-MS spectra of Propanoic acid, 2-methyl-, 2-ethyl-3-hroxylhexyl ester 
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Figure 4.28: Mass Spectrometry of Propanoic acid, 2-methyl-, 2-ethyl-3-hroxylhexyl 

ester 
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Figure 4.2 : Fragmentation pattern of 1,2 Benzenedicarboxylic acid, butyl cyclohexyl 

ester 
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Figure 4. 0: Fragmentation pattern of Propanoic acid 2 methyl  2 ethyl   hydroxy 

2,2,4 trimethylpentyl ester 
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Figure 4. 1: Fragmentation pattern of Propanoic acid, 2 methyl , 2 ethyl   

hydroxyhexyl ester 
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4.8.1: Nuclear Magnetic Resonance result of purified compound (Stigmasterol)  

Figure 4.32 revealed the structural elucidation of stigmasterol in ethyl acetate subfraction of 

P. africanums and it could be responsible for the pharmacological benefits observed in the 

treatment of liver and colon damage in this research. 
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Figure 4. 2: Spectrometry of Stigmasterol 
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4.9: Modulatory effects of stigmasterol isolated from the stem bark of P. africanum on 

Mitochondrial-Mediated Cell Death in colon of experimental mice. 

4.9.1: Apoptotic inductive effect of Stigmasterol in colon (mPT) 

Stigamasterol has an inductive effect on the liver, although it does not have an inductive effect 

on the apoptotic biomarkers examined in DSS+ BaP-induced colonic injury, confirming the 

previous mPT results of stigmasterol, as shown in Figure 4.33. However, P. africanum extract 

and fractions increased ATPase activity (3.80, 5.60, 6.40, 8.10, and 8.90-fold) at 20, 60, 100, 

140, and 180 µg/mL, respectively, and increased ATPase activity (0.20±0.01, 0.35±0.10, 

0.40±0.10, 0.45±0.20 and 5.20±0.80 µmol/Pi/mg/protein). /min) relative to vehicle (0.05 µmol 

/Pi/mg/protein/min), respectively as reported in Figure 4.11 
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Figure 4.33: Calcium-induced mitochondrial membrane permeability transition pore 

opening in normal mice colon mitochondria and its reversal by spermine.   

TA: 5.6 Induction Inhibitor: 71% inhibition 

 

 

 

 

 

 

 

 

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

C
h

a
n

g
e 

in
 A

b
so

rb
a

n
ce

 (
5

4
0

n
m

)

Time (mins)

NTA

TA

INH

 

 

 

 

 

 

 



 
 
  

160 

 

 

 

 

 

 

 

 

 

 

Figure 4.34: Effects of purified fraction P. africanum on colon of experimental mice 

NTA-triggering. TA – Triggering agent, DSS- Dextran sulfate sodium, BaP –

Benzo{a}pyrene 
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4.9.2: Sensitivity of stigmasterol to apoptotic biomakers in the colon, including Caspases 

9 and 3, cytochrome c, Bax, and Bcl-2, as well as DNA fragmentation 

The level of DNA fragmented when exposed to the toxicant groups (DSS and/or BaP), 

produced significant difference when compared with the control groups while there was 

distinct reduction when the groups treated with stigmasterol compared to DSS+BaP groups 

(figure 4.35). There were no significant differences in level of caspase 9 (figure 4.36) 

(1.10±0.10, 0.90±0.01, 1.10±0.10ng/ml vs 0.01ng/ml) and also no distinct difference 

experienced with the levels in caspase 3 when compared with the control group and also when 

the toxicants groups were compared to the groups that were treated with stigmasterol (Figure 

4.37). The DSS, BaP in Bax (120.00%, 100.00%, and 90.00% vs 110.00%) and DSS+BaP, 

relative to the vehicle increased reduced as indicated in figure 4.38, Bcl-2 (80.00%, 75.00%, 

and 75.00% vs 90.00%) which were modulated by stigmasterol. However, stigamsterol has 

no significant effects on the expression of Bcl-2 and cytochrome c as indicated in figure 4.39 

and 4.40. 

 

 



 
 
  

162 

 

Figure 4.35: Effects of purified ethyl acetate of P. africanum stem bark on DNA 

Fragmentation 
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Figure 4.36: Assessment of the levels of caspases 9 on colon values are expressed as mean 

± standard deviation significant differences from the control are indicated by: * (P < 

0.05) (A-Significant relative to control, B-Significant relative to DSS/BaP, NS-No 

significant) 
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Figure 4.37: Assessment of the levels of caspases 3 on colon values are expressed as mean 

± standard deviation significant differences from the control are indicated by: * (P < 

0.05) (A-Significant relative to control, B-Significant relative to DSS/BaP, NS-No 

significant) 
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Figure 4.38: Expression of Bax protein in the colon after exposure to DSS and BaP by 

immunohistochemical method (x400) (a-significant relative to control, b-significant 

relative to DSS/BaP, ns-no significant. 
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Figure 4.39: Expression of Bcl-2 protein in the colon after exposure to DSS and BaP  by 

immunohistochemical method (X400) (a-Significant relative to Control, b-Significant 

relative to BaP/DSS, ns-No Significant) 
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Figure 4.40: Release of cytochrome c in the colon after exposure to DSS and BaP by 

immunohistochemical method (X400) (a-Significant relative to Control, b-Significant 

relative to DSS/BaP, ns-No Significant).
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4.10: Ameliorative effect stigmasterol on DSS/BaP-induced colon toxicity and 

inflammatory biomarkers (physical appearances, TNFα, IL-6, p53) 

4.10.1: Effect of stigmasterol on physical appearance of DSS/BaP-induced colon toxicity. 

In all groups exposed to DSS (DSS, DSS+BaP, and the treatment groups), there was an initial 

gain in body weight until the third day. However, afterwards, there was a steady reduction in 

weight until the conclusion of DSS induction, which was then replaced by water and followed 

by the arrival of colitis, as shown in figure 4.41. Interestingly, majority of the animals 

demonstrated amazing recovery from the initial weight reduction, as indicated in figure 4.42. 
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Figure 4.41: Weight of experimental animals during induction with DSS   
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Figure 4.42: Weight of experimental animals after termination of DSS 
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4.10.2: Effect of stigmasterol on alterations of DSS/BAP-induced on the mice anal region 

There were appearances of faeces on the anal region of the animals after the tenth day, this 

implies that faecal materials have developed into diarrhetic faeces and these were softened 

with appearances of blood stains at the anal region indicating haemorrhages in the 

gastrointestinal tract. Ten (10) days 4% oral administration in drinking water of mice from 

day 5, resulted in the presence of diarrhea and grossly bloody stool as seen in figure 4.43 and 

figure 4.44 respectively. 
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Figure 4.43:  Sign of diarrhea in colon damage after day 5 of induction by DSS 
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Figure 4.44: Anal region appeared haemorrhagic 
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4.10.3: Assessment of purified fraction (stigmasterol) of Piptadeniastrun africanum stem 

bark on DSS/BAP-induced colon toxicity (liver function test, antioxidant parameters) 

4.10.3.1: Stigmasterol prevents oxidative Stress burden in Ulcerative Colitis in Mice 

Overexpression of reactive oxygen species plays a key role in the pathological conditions of 

the liver and colon. As shown in figure 4.45.  Liver enzymes (AST, ALP, ALT and total 

proteins) activity levels in the colon of toxic mice were distinctly increased than in the control 

group (p< 0.05), which were attenuated by stigmasterol. However, there was a significant 

reduction in the levels of antioxidants SOD, GSH, GST, GSH, which increased significantly 

during treatment with stigmasterol (Fig. 4.46). 
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Figure 4.45: Effects of purified fraction (stigmasterol) of P. africanum stem bark on liver 

enzymes {A-aspartate amino transferase (AST), B- alanine amino transferase (ALT) and 

C- alkaline phosphatase (ALP)}.  

a-significant difference relative to control, b-significant difference relative to control ns-

no significant difference relative to control and DSS/BaP (p < 0.05) 
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Figure 4.46:  Effects of purified fraction (stigmasterol) of P. africanum stem bark on 

antioxidants status and lipid peroxidation 

Key:  

SOD(A) = Superoxide dismutase; GST(B) = Glutathione-S-transferase; CAT(C) = 

Catalase; GSH = Reduced Glutathione. LPO(D) = Lipid peroxidation. a-significant 

difference relative to control, b-significant difference relative to DSS/BaP (p < 0.05) 
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4.10.4: Stigmasterol ameliorates histological damage in Dextran sodium sulfate/ 

Benzo[a]Pyrene-induced Ulcerative Colitis in Mice 

The result in plate 4.4 showed that the mucosal of the epithelium (white arrow) and glands 

were normal and not inflamed (red arrow). The severe damage caused by DSS/BaP on colon 

was mitigated by purified fraction of P. africanum showing its anti-inflammatory potential. 

CONTROL-Epithelium (white arrow) and glands were not inflamed (blue arrow), and the 

submucosal appear normal and not infiltrated (thin blue arrow).  

DSS-Poorly preserved mucosal epithelium (white arrow). The lamina propria shows moderate 

fibrosis (blue arrow). Several normal villi and mildly infiltrated inflammatory cells within the 

propria (slender arrow). 

BaP-Moderate infiltration by inflammatory cells (slender arrow) and the glandular epithelial 

cells show atypical cells of adenocarcinoma (black arrow). 

BaP+DSS-The glandular epithelial cells show well differentiated adenocarcinoma (red arrow) 

and hyperplasia (white arrow). Moderate to severely necrotic  

 BP+DSS+PA at 200mg/kgbw- Infiltration of lamina propria by inflammatory cells (slender 

arrow) areas of glandular hyperplasia without adenomas (white arrow) 

BP+DSS+PA at 400mg/kgbw-Poorly preserved mucosal epithelium (white arrow), glandular 

hyperplasia without adenomas (red arrow) 
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Plate 4.4: Photomicrograph of a Colon damage (X400)  
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Table 4.10.5: Effects of stigmasterol on anti-inflammatory cytokines in dextran sulfate 

sodium/benzo{a}pyrene-induced ulcerative colitis 

 

 

 

 

 

 

Sample 

ID 

PCV 

% 

HB 

g/dL 

RBC 

106μl 

WBC 

10 μl 

PLAT

ELET 

LYM

P % 

NEU

T % 

MON 

% 

EOS 

% 

Control 24.5±

0.71 

11.2±

0.07 

5.30±

0.08 

4700±

70 

135500

±707 

78.5±

0.71 

37.5±

0.71 

2±0 0.5±0.

001 

DSS 18±1.

41* 

5.3±1

.27* 

1.54±

0.28*

* 

3800±

70.7** 

122500

±707* 

44.5±

0.71*

* 

26.5±

0.71*

* 

1.0±0.7

0* 

3±0.04

1*** 

BaP 15.5±

0.71* 

4.3±1

.41** 

2.03±

0.01* 

3125±

35.4** 

118000

±707** 

57.5±

0.71* 

29.5±

0.71* 

1.01±0.

71* 

2±0.04

1*** 

DSS+Ba

P 

12.5±

0.71** 

6.9±0

.28* 

4.35±

0.05 

4000±

70.7* 

47025±

353*** 

41.5±

0.71*

** 

33.5±

0.71* 

1±0* 2.5±0.

071** 

DSS+Ba

P+200m

g/kgbw 

27.5±

0.71 

7.25±

0.78* 

7.21±

0.06 

5150±

70.7 

133500

±707 

65.5±

0.71* 

35.5±

0.71 

2.5±0.7

0 

1.2±0.

071* 

DSS+Ba

P+400m

g/kg/bw 

30.5±

0.71* 

8.5±0

.14* 

8.22±

0.17* 

5675±

35.4* 

130000

±353 

66±1.

41* 

38.5±

0.71 

2±1.41 

1±0.002* 

          

Table 4.10.5.1: Haemotology Parameters of stigmasterol on colitis 
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4.10.6: Stigmasterol inhibits inflammatory responses to TNF-α, IL-6 and p53 in Dextran 

Sulfate/Benzo{a}Pyrene-induced Ulcerative Colitis 

The injection of Dextran sulfate sodium (DSS) and Benzo[a]pyrene (BaP) induced damage in 

the colon, but the effects were alleviated by stigmasterol isolated from P. africanum. This 

indicates the anti-inflammatory qualities of the plant, as seen in figures 4.47, 4.48, and 4.49. 

The groups treated to the toxicants (DSS, BaP, and DSS+BaP) demonstrated considerable 

increases in TNF-α levels compared to the vehicle group (40.00±1.20%, 30.00±0.90%, 

34.00±1.10% versus 15.00±0.70%). Similarly, greater levels of IL-6 (160.00±0.70%, 3.50%, 

110.00±2.20%, 120.00±1.50% compared 60.00±1.50%) and p53 (80.00±2.30%, 

70.00±1.10%, 85.00±2.20% versus 25.00±0.90%) were detected. Conversely, the vehicle 

group revealed lower levels of TNF-α, IL-6, and p53 (13.00±0.10% compared 34.00±1.10%, 

53.00±1.30%, 50.00±1.20% vs 120.00±1.50%, 40.00±2.20%, 50.00±1.70% versus 

85.00±2.20%, respectively). 
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Figure 4.47: Photomicrograph of immuno assay for the colonic section showing 

abundant expression of interleukin 6 on DSS while others are moderately expressed 

(x400) (a-significant relative to control, b-significant relative to DSS/BaP ns-no 

significant 
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Control DSS only BaPonly DSS  BaP

Figure 4.48:   Photomicrograph of immunohistochemistry assay for the colonic section 

showing abundant expression of TNF-α (X400) (a-Significant relative to control, b-significant 

relative to DSS/BaP, ns-no significant 
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Figure 4.49: Expression of p53 protein in the colon after exposure to DSS and BaP by 

immunohistochemical method (X400) (a-Significant relative to Control, b-Significant 

relative to BaP/DSS, ns-No Significant) 
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CHAPTER FIVE 

DISCUSSION 

Advances in research in recent years has extended the understanding of mitochondrial 

functions beyond the energy production with which they are historically associated. Research 

has established a remarkable role of mitochondria in ion homeostasis, apoptosis, cellular 

response, antioxidant and redox regulation, participation in various biosynthetic pathways, 

etc. (Singh et al., 2019). In addition, the presence of self-DNA (mtDNA) in effective 

coordination with the nuclear genome determines their importance for cell physiology 

(Giacomello et al., 2020). Therefore, dysregulation of key mitochondrial signals is associated 

with dysfunction ranging from tissue wasting, cancer, neurodegenerative diseases, 

inflammation, and metabolic disorders (Zhu et al., 2019). 

5.1 Biological compounds of ithe istem ibark iof iP. iafricanum 

In irecent iyears, iresearch ihas idemonstrated ithe iuse iof idietary iphytochemicals ito iheal 

diseases isuch ias idiabetes, icardiovascular itrouble, icancer iand iother iconnected iproblems 

(Delshad iet ial., i2021). iThese iphytochemicals ihave ia itherapeutic iimpact ion ia irange iof 

clinical iconditions iby imodulating ivarious isignaling ipathways i(Feldman iet ial., i2019; 

Anifowose iet ial., i2020). Preliminary phytochemicals screening in this investigation 

indicated the presence of alkaloids, cardiac glycoside, saponins, phenols, tannins, flavonoids 

and steroids in crude methanol extract, chloroform and ethyl acetate fractions of P. africanum 

(Table 4.1.1). However, alkaloids are missing in methanol fraction.  

These phytochemicals are non-nutritional but biochemically active components inherent in 

the plant. They have been shown to play important roles in the biological system. For instance, 

flavonoids and other phenolics have been discovered to exhibit antioxidant, anti-inflammatory 

and other health-boosting efficacies (Favazza, 2020). Flavonoids are known to lower the 

tendencies of cancer development in the body and also prevent onset of cardiovascular disease 
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because of their ability to halt lipid peroxidative event (Manach et al., 2005). Several 

researches have shown the potency of flavonoids in preventing cancer cell line proliferation 

(Appaih et al., 2023). Some flavonoids which include quercetin, luteolin and its glycoside 

derivative, garlangin and nargarin among others have been shown to possess anti-bacterial 

activity (Swaminathan et al., 2012). Research has shown that concentration of cardiac 

glycosides, alkaloids and other polyphenols in plants can be linked to their ability to prevent 

turmorigenesis and gastrointestinal inflammatory process. This may not be unconnected with 

the engagement of P. africanum as trado-medical intervention for diseases. 

Alkaloids were not present in methanol fraction of P. africanum stem bark extract. The 

absence of this phytochemical may result from the solubility of some phytoconstituents in 

some solvent and its inability to dissolve others. specific solvent and its inability to dissolve 

others. This is substantiated by the research done by Osei et al., (2017) which indicated that 

the isolate of Ficus exasperata lack ithe ipresence iof iflavonoids, iphenols iand itannins iand 

were iincluded iin ithe icrude iextract. i 

The iquantitative iphytochemical ianalysis ishowed ithat iethyl iacetate ifraction ihas ithe 

highest iquantity of flavonoids and tannins which are known to play vital biological 

significance in the cells. Bagyalakshmi et al. (2019) reported that tannins can decrease 

digestibility of some protein molecules by complexing with them. This mechanism is also 

employed against bacteria by forming tough complex with the carbohydrate moiety of their 

cell walls and inhibiting enzymes responsible for digestion, thus, preventing the bacteria from 

releasing its cytoplasmic content to take over the host DNA synthesizing machinery.  

Tannins were reported to prohibit microbial degradation of semen proteins (Mohan and 

Savithramma, 2019). The health-improving effects of these bioactive compounds were as well 

observed in their ability to scavenge free radicals, prevent ulceration of the gastrointestinal 

tract and halt peroxidative tendencies in myocardiac mitochondria (Ajayi et al., 2018; 

Muhammed et al., 2012). The reported results of the bioactive components are indicative of 

the pharmacological potential of P. africanum. 

Phytochemicals are beneficial and integral to the drug development process due to their wide 

spectrum of activity and potential (Ogboru et al., 2015; Salaudeen et al., 2023). These 
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secondary metabolites protect cells from the damaging effects of radicals generated when 

exposed to harsh environmental conditions (Sivakumar and Balasubramanian, 2020). 

Medicinal plants with potent biologically active compounds influence mitochondrial 

apoptosis via mPT pore modulation, especially in relation to the effective and selective 

improvement of pathologies characterized by suppression or enhancement of apoptosis 

(Oyebode et al., 2018; Olowofolahan et al., 2020. An example is Callandra portoricensis, a 

flowering plant belonging to the subfamily Mimosacea, which is reported to have anti-

apoptotic, anticonvulsant, antioxidant, and antipyretic effects (Aguwa et al., 1988; Oyebode 

et al., 2020). 

5.2 Inductive effects of extract and fractions of P. africanum (in vitro) 

Studies have shown that certain solvent fractions of the stem bark of P. africanum, a plant of 

the Mimosaceae family, are used to treat diseases such as constipation, stomach ulcers, 

meningitis, malaria, and colon cancer (Jiofack, 2008; Mengome et al., 2009; Teinkela, 2020). 

Previous experiments with P. africanum showed antibacterial (Pathak et al., 2009), anti-

inflammatory (Diffoum, 2012), ulcer-healing properties (Assob et al., 2011), with no 

toxicological effects at a dose of 5 mg/kg in rats (Mengome et al., 2009). The combination of 

Piptadeniastrum africanum, Petersianthus macrocarpus, Cissus and Dieffenbachia has 

shown anti-proliferative potential against human colon cancer (Mengome et al., 2009) by 

stimulating mitochondrial-mediated apoptosis, and this may be beneficial in pathological 

situation when apoptosis desires to be upregulated and enhanced (Olanlokun et al., 2020).  

However, it is unconfirmed if  phytochemicals present in P. africanum will have a modulating 

effect on mitochondrial-mediated apoptosis through opening mitochondrial permeability 

pores. Previously, in vitro study revealed that, mitochondrial integrity was confirmed through 

the induction of exogenous calcium-induced pore opening, a process which was significantly 

returned by the potent inhibitor, spermine. This confirmed the integrity of mitochondria and 

made them appropriate for further usage (Lapidus and Sokolov, 1993). 

Treatment of normal mitochondria with various concentrations of crude methanolic P. 

africanum stem bark extract (CRMEPA) without calcium, the standard triggering agent (TA), 

caused significant pore opening compared to the non-trigger agent (NTA). The addition of 
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calcium (a standard triggering agent) further potentiated the induction in reverse manner. 

However, pore opening was significantly altered by spermine, suggesting that induction with 

crude methanolic extracts of P. africanum stem bark does not affect mitochondrial membrane 

integrity. This discovery suggests that CRMEPA may contain certain biologically active 

components that may be associated with pore components, leading to pore opening and hence 

apoptosis. In addition, the induction of the pore opening in concentration-dependent order 

with CRMEPA caused increase in the opening of the pore with increased fractions as seen in 

figure 4.3 with highest induction 6.3-fold at 140µg/ml in the absence of ca2+.  

In addition, evaluation of different concentrations of the three chloroform fractions, the P. 

africanum fraction, the P. africanum ethyl acetate fraction and the P. africanum methanol 

fraction (CFPA, EAFPA and MFPA) showed that a significant induction of pore opening was 

recorded using ethyl acetate and methanol fractions, nevertheless, with the chloroform 

fraction, no such activity was observed (figures 4.4, 4.6 and 4.8) respectively. However, 

EAFPA has been found to have the highest induction of 8.0-fold at µg/ml 180and this may 

suggest that the classes of phytochemicals present in EAFPA may be responsible for the 

induction.  

MFPA was found to significantly induce mitochondrial pore opening with induction fold of 

5.0 at 100µg/ml, but the induction was not as high as that of the ethyl acetate fraction. These 

studies have shown that the bioactive components present in the methanol extract (CRMEPA) 

and the fractions of P. africanum may be responsible for pore opening, with the ethyl acetate 

fraction (EAFPA) being the most effective with the highest induction coefficient, followed by 

methanol fraction while the addition of exogenous calcium further enhanced the calcium-

induced opening. In contrast, chloroform produced no important effect on pore opening. 
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5.3 Ethyl iacetate ifraction iof ithe istem ibark iof iP. iafricanum imodultaes 

iapoptosis i(in ivivo) 

Having iobserved ithe ihighest ipore iopening iactivity iwith iEAFPA iin ian iin ivitro istudy, 

it iwas inecessary ito iinvestigate iif iprobably ithe isame ieffects iwould ibe ireplicated iin 

vivo. iStudies ihave ibeen iconducted ito iachieve ithis ibecause iof ithe iimportance iof ithe 

bioavailability iof ia icompound ithroughout ithe iplant, iit iis ivital ito idevelop ia isafe dosage 

schedule ifor ithe iethyl iacetate icomponent iof iP. iafricanum. The conclusion of different 

doses of EAFPA indicated a large increase in the induction of pore opening when compared 

with control, with the increase being dose-dependent (figure 4.14).  

Therefore, the results of in vivo induction of mPT pore opening in mice liver by EAFPA 

complement the in vitro results and suggest that the presence of EAFPA triggered the 

induction on the membrane with induction of 2.5, 4.9 and 6.9 folds at 25, 50 and 100mg/kg 

body weight respectively. The result also showed that pore opening upon mPT induction 

increased with increasing fraction doses, making it dose dependent. Mitochondria are sites for 

the production of fuel necessary to maintain the activity of normal biological cells. They are 

good regulators and good cell death checkpoints that can be prescribed for cancer treatment, 

while the abnormal roles of mitochondria are associated with tumor cell survival and 

proliferation (Pustylnikov et al., 2018). 

Upon further investigation, the crude methanol extract and its fractions were found to inhibit 

lipid peroxidation, with the chloroform fraction having the highest inhibition, suggesting that 

these fractions may protect cells from membrane damage caused by lipid peroxidation. 

Ferrous- induced lipid peroxidation inhibition in this study also showed that P. africanum has 

free radical scavenging potential as shown in figure 4.12. Therefore, the modulation of mPT 

pores detected may not as a result of  ROS production, but for the available phytochemicals 

in the plant. Furthermore, thus, may suggest that P. africanum stem bark may play a role in 

protecting the physicochemical potential of membrane from severe free radical-induced 

cellular disfunction during undue apoptosis.  
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The LPO result showed a concentration-dependent enhancement of the Fe2+-induced lipid 

peroxidation inhibition, showing that crude and fractions of P. africanum inhibit Fe 2+ -

induced lipid peroxidation, therefore, showing that P. africanum contains biologically active 

compounds, that act as free radical scavengers, and that mPT pore induction was not the result 

of membrane damage. All investigations done and characteristics established on stem bark 

fractions of P. africanum indicated that the ethyl acetate fraction of P. africanum was the most 

potent. In order to improve and establish the efficacy and activity of EAFPA, the effect of 14 

days of intraperitoneal administration of several dosages - 25, 50 and 100 mg/kg body weight 

of EAFPA on MDA quantified revealed no substantial difference comparing to the control 

stimulating that P. africanum contains biologically active substances such as saponins, 

flavonoids, tannins etc capable of destroying free radicals. 

Lipid peroxidation is a chain reaction initiated by hydrogen abstraction or addition of an 

oxygen radical leading to oxidative damage to polyunsaturated fatty acids (PUFA), and 

mitochondria have been recognized as one of the main sources of reactive oxygen species 

(ROS) production (Moldavsky and Moldovan, 2004; Ayala et al., 2014; Salemcity et al., 

2023). Lipids, proteins, oxidative phosphorylation enzymes, and mtDNA are exposed to free 

radicals (Lobo et al., 2010) in mitochondria, and direct damage to these mitochondrial 

molecular structures reduces their binding or affinity for substrates or coenzymes, thereby 

minimizing their function (Skuratovskaya et al., 2020).  

Free radical chain reactions are involved in membrane lipid peroxidation, which is consistent 

with swelling and possible lysis of mitochondria and other cells such as microsomes, 

lysosomes (Peterson, 2017; Olowofolahan et al., 2020). Cytochrome c release owing to 

permeabilization of the mitochondrial pore is significant as it is regarded of as the point of no 

return for start of apoptosis (Chipuk et al., 2006; Ding et al., 2014 and Kuwana et al., 2020). 

The ethyl acetate fraction maximally liberated cytochrome c related with the crude methanol 

extract and other fractions, showing that mPT pore opening leads to cytochrome c release, and 

it is a necessary condition for the occurrence of apoptosis and this is in accordance with 

Olanlokun et al., (2022) 
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A concentration-dependent increase in the release of cytochrome c was observed when 

mitochondria were treated with crude methanol extract, chloroform, methanol and ethyl 

acetate fractions as revealed in figures 4.10, respectively, compared to control, while ethyl 

acetate had the highest cytochrome c release, confirming mPT pore induction opening with 

ethyl acetate, which has the highest induction multiplicity as it has been reported by 

Olowofolahan et al., (2020) 

Research shows that, the main role of ATP synthase is in the synthesis of ATP, which can 

also be reversed under certain conditions, whether in pathological or physiological, the 

hydrolysis of ATP and deactivation of the mitochondrial inner membrane (Nicholls and 

Ferguson, 2013; Salemicity et al., 2023).  

ATP synthase plays a crucial role not only in the depolarization of the inner membrane of 

mitochondria due to the permeabilization of mitochondrial membrane pores, nevertheless it 

also influences the response of mitochondrial permeability transition (mPT) to calcium, 

according to studies conducted by Giorgio et al., (2018). There has been a suggestion that the 

c-subunit, a critical component of ATP synthase integrated into the membrane, does not affect 

the mPT response to calcium, as demonstrated by the research of He et al. (2007). 

Interestingly, Bernadi Paolo delved even deeper to argue that the enzyme itself works as the 

pore (Bernadi, 2013). However, Zhou et al. (2016) questioned this technique and put up an 

other argument. 

Furthermore, under pathological situations, the persistent opening of the pore leads to ATP 

hydrolysis and the release of inorganic phosphate (Pi), which eventually causes uncoupling of 

phosphorylation in mitochondria. Mnatsakanyan and Jonas (2020) remark that this 

mechanism leads to the alteration of metabolic processes, resulting in an increase in ATPase 

activity and phosphate accumulation. Consequently, mitochondrial activity is altered, ATP 

levels fall, and the structural and functional integrity of cells become impaired, leading to 

irreversible damage and cell death. 

To measure ATPase activity, the researchers evaluated the release of inorganic phosphate, 

which is an indication of ATPase activity. The degree of mitochondrial ATPase activity was 
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evaluated in the crude methanol extract and different fractions of P. africanum, including 

CRMEPA, CFPA, EAFPA, and MFPA, using 2,4-dinitrophenol (DNP) as a reference (Alagbe 

et al., 2020). The results demonstrated a concentration-dependent increase in ATPase activity 

for both the crude methanol extract and its fractions, as proved by the release of inorganic 

phosphate. 

Interestingly, among the examined fractions, the ethyl acetate fraction (EFPA) demonstrated 

the highest increase in ATPase activity, as indicated in figure 4.10. This research reveals that 

particular phytochemicals contained in CRMEPA, CFPA, EFPA, and MFPA may be 

connected with the formation of pores, leading to the opening of mPT pores following the 

release of cytochrome c. Moreover, this result coincides with the established notion that mPT 

promotes uncoupling iof ioxidative iphosphorylation iby ireducing ithe iabsorption iof 

inorganic iphosphate i(Bernard iand iDi iLisa, i2015). 

Furthermore, the in vivo assessment of mitochondrial ATPase activity confirmed the results 

obtained in vitro. The ethyl acetate fraction (EAFPA) significantly enhanced mitochondrial 

ATPase activity compared to the control group, demonstrating a dose-dependent relationship. 

This data reveals that when the fractions of P. africanum climbed, there was a comparable rise 

in mitochondrial ATPase activity. 

Subsequent permeabilization of the pore leads to cytochrome c release and caspases were 

activated (Brentnall et al., 2013; Olowofolahan et al., 2018). The activities of caspases 9 and 

3 that were evaluated and showed that EAFPA caused a dose-dependent activation in the 

activities of caspases 9 and 3 (initiator and executor, respectively). These results indicate that 

EAFPA may have a modulating effect on mitochondrial-mediated apoptosis, due to the 

significant increase in the activities of initiator and executor caspases compared to control, 

thereby supporting mitochondrial pore opening by EAFPA both in vitro and in vivo.  However, 

it was found that there was no induction in the colon of mice in all treated groups (figure 4.34). 
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5.4 Potential toxicity of P. africanum 

Piptadeniastrum africanum, a plant thoroughly established in traditional herbal medicine, has 

been appreciated for its outstanding medicinal properties in soothing toothaches, treating 

malaria, and resolving digestive problems. Scientific studies have established the efficacy of 

the ethyl acetate fraction derived from this plant, exhibiting its capacity to stimulate the 

opening of mPT pores, enhance ATPase activity, and encourage the activation of caspase 9 

and 3, eventually leading to the release of cytochrome c. Nonetheless, it is necessary to 

research the potential adverse outcomes connected with the use of EAFPA. To properly assess 

its toxicity, it becomes needed to discover the compound's toxicity profile and degree, 

frequently conducted by in vivo study employing entire organisms or in vitro studies utilizing 

isolated molecules or cells (Kharchoufa et al., 2020; Olojo et al., 2022). 

Some compounds can cause acute and chronic toxicity, the consequences of which may not 

be serious or critical depending on the nature (Chinedu et al., 2013). An undesirable result(s) 

occurring within a short period of time following a single or repeated administration of a 

substance within a period of 24 hours is known as acute toxicity, while chronic toxicity occurs 

when used for a long period of time.  

The vulnerability of animal models to toxins always leads to changes and disturbances in the 

hematological profile (Costa et al., 2004; Adedapo et al., 2007; Gbore et al., 2020). 

Leukocytes (leukocytes) protect the body from infections, and a decrease in the level of 

leukocytes indicates a violation of the immune system, so a high level of leukocytes can also 

be the cause of these diseases (Femi-Oloye et al., 2020).  

The toxic effects were assessed using the hematological parameters, liver function indices 

enzymes (AST, ALP, ALT, total protein) and oxidative parameters such as lipid peroxidation, 

endogenous enzymes such as SOD, CAT, GST, and also the non-enzymatic antioxidant GSH. 

Oxidative stress is associated with a disease state due to an imbalance linking high levels of 

ROS production and inadequate antioxidant defense, leading to lipid peroxidation, cell 

membrane damage, protein degradation, and DNA damage (Pratiwi et al., 2021). The 

activities of liver enzymes, AST, ALT and ALP as well as total protein observed in the 

toxicant groups (DSS, BaP, and DSS+BaP) were significantly reduced by co-administration 
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of stigmasterol compared with control (p ˂ 0.05) as being reported in figure 4.45 (Shittu et 

al., 2020). Serum AST, ALP, ALT, and total protein were higher in the toxicant groups (DSS, 

BaP, and DSS+BaP) compared normal and testedanimals, confirming colitis, colonic toxicity 

which was in agreement with Farombi et al., (2013). 

Nevertheless, the fraction separated from the sample, namely stigmasterol, greatly decreased 

the large surge in levels of enzymes present in the circulation (Feng et al., 2018). Stigmasterol, 

an excellent plant sterol commonly referred to as stigmasterin, provides a range of chemical 

properties that may be employed to build synthetic and semi-synthetic compounds for 

pharmaceutical manufacturing. Research studies have demonstrated that stigmasterol exhibits 

potential anticancer properties due to its ability to counteract reactive oxygen species, also 

known as free radicals, that are generated within the body through the oxidation of stressed 

cells upon cellular absorption (Bradford and Awad, 2007; Machelini et al., 2016).  

Furthermore, the decrease in lipid peroxidation levels related with the rise of reduced 

glutathione, as illustrated in Figure 4.46, gives as confirmation of the antioxidant activity of 

stigmasterol (Singh et al., 2011; Ashraf and Bhatti, 2021). However, the anticancer potential 

of stigmasterol remains uncertain. Thus, the present study intends to examine the effects of 

stigmasterol on apoptotic regulation and colon disorders. A notable decline in the activity 

levels of superoxide dismutase (SOD), catalase (CAT), glutathione S-transferase (GST), and 

intracellular reduced glutathione (GSH) was noted in the groups exposed to toxicants when 

compared to the control group, as indicated in Figure 4.46.  

This decline in enzyme activity can be related to enzyme inactivation. However, when mice 

were co-administered with the purified stigmasterol fraction, a considerable elevation in 

antioxidant enzyme levels was detected, which coincides with the findings of Oyedeji et al 

(2020). Glutathione, a tripeptide containing cysteine and carrying a reactive thiol group, is 

known to control intracellular redox status and shield cells from the harmful effects of free 

radicals and peroxides formed during oxidative stress (Adedara and Farombi, 2013; Olojo et 

al., 2023). GSH works as a non-enzymatic antioxidant for gut health and causes a response 

by interacting with reactive oxygen species through its thiol group (Ayer, 2010). Vital 

preventive processes undertaken by GSH against oxidative stress include the elimination of 
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hydroxyl radicals, direct quenching of singlet oxygen, and the conversion of antioxidant 

vitamins C and E into their active forms (Masella et al., 2005; Flora et al.,., 2008). 

Furthermore, this study also indicated that among the rats exposed to DSS and BaP, a large 

increase in lipid peroxidation occurred in the colon. The migration of neutrophils into the 

colon can lead to elevated reactive oxygen species formation, thus boosting lipid peroxidation, 

oxidative stress, and finally compromising membrane integrity. Elevated levels of reactive 

oxygen species and lipid peroxidation induction are intimately related with the development 

of ulcerative colitis. 

The major line of defense against these conditions is the activity of antioxidant enzymes such 

as SOD and CAT, which play a crucial role in neutralizing free radicals by both preventing 

their production and donating electrons to offset their detrimental effects. Other defensive 

strategies comprise the clearance of damaged or dysfunctional pro-oxidants at the molecular 

and cellular levels, including molecules like reduced glutathione (GSH), bilirubin, 

carotenoids, and more (Ighodaro and Akinloye, 2018; Krzystek-Korpacka et al.,., 2020). 

The colitis induction by the administration of DSS and/or BaP significantly depleted the 

antioxidant system of the colon in an animal model, also, the colon tissue levels of SOD, CAT, 

GSH was sharply reduced in relation to the control group. Treatment with stigmasterol (200 

and 400 mg/kg body weight P. africanum) protected against a reduction in the activity of all 

these enzymes and maintained their normal state (Farombi et al., 2013). 

Acute induction of DSS colitis was accompanied by significant reduction of the colonic 

antioxidant system in rats (Vijayabharanthi et al., 2018). Catalase and GST activity in colon 

tissue was significantly reduced in DSS-treated rats compared to the corresponding group of 

control animals. Treatment with kolaviron or sulfasalazine prevented the depletion in the 

activity of these enzymes and remained insignificant in DSS-treated rats compared to controls 

(Farombi et al., 2013). Acute induction of DSS colitis was accompanied by significant 

reduction of the colonic antioxidant system in rats (Akinrinde et al., 2021). The activity of 

catalase and GST in colon tissue was significantly reduced in DSS-treated rats compared to 

the control of the corresponding animal group. 
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The results did not present any significant change in the EAFPA treated groups in relation to 

the control group. Some biologically active components of herbs perform various beneficial 

biological tasks. However, their pharmacological and physiological role is related to the 

presence of antioxidant and free radical properties with the regulation of detoxification 

enzymes (Sertel et al., 2011).  

The EAFPA demonstrated antioxidant activity through its ability to increase GSH, SOD, 

CAT, total protein, and inhibit lipid peroxidation in experimental animals, while liver 

histopathological sections showed normal architecture compared to controls and increased 

when treated with the purified compound to increase antioxidant levels. Therefore, P. 

africanum does not have a toxic effect on the liver of experimental animals. In general, the 

plant extract and its fractions are non-toxic in nature and can tolerate a dose of 400 mg/kg 

body weight. 

5.5 Bioactivity guided assays ascertianed ethyl acetate as the most potent 

Through the use of bioactivity guided testing, it was proven that ethyl acetate (EA) displayed 

the most remarkable potency among a vast range of active EAFPA (Ethyl Acetate Fraction of 

Plant Extracts). The fundamental objective of exploring the bioactive substances and 

acquiring suitable assays to assess their biological activities, such as antioxidant and 

antibacterial capacities, was effectively accomplished by utilising relevant and significant 

methodologies (Mulinacci et al., 2004). 

The isolation of EAFPA necessitated the deployment of a solvent-based approach that sorted 

the compounds according on their polarity (Altemimi et al., 2017). Subsequently, varied 

amounts of partially purified subfractions of EAFPA from each group were studied to evaluate 

their effect on mitochondrial-mediated cell death, specifically by modulating mitochondrial 

permeability transition (mPT). Notably, it was observed that the 100% EA section had the 

highest induction, exceeding other groups by a factor of 8.9. This induction was related to the 

opening of mitochondrial membrane pores, as seen in Figure 4.20. The discovery of bioactive 

compounds inside EAFPA capable of causing mitochondrial pore opening agrees with earlier 

results published by Olanlokun et al (2018). 
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5.6 Isolation of stigmasterol from purified P. africanum stem bark 

Thus, the most efficient partially purified subfraction of 100% P. africanum EA was further 

purified, employing thin layer chromatography (TLC) after column chromatography (CC), 

and the pooled silica gel separated subfractions were viewed under short UV light. 254 nm 

and long UV-365nm, was eluted between various solvent ratios of chloroform and methanol, 

and the resulting pure compound was subjected to igas ichromatography, imass ispectroscopy 

(GC-MS) iand inuclear imagnetic iresonance i(NMR). i 

Analysis utilising gas chromatography-mass spectrometry (GC-MS) successfully found many 

physiologically active compounds during the purification of EAFPA. These compounds 

include 1,2-benzenedicarboxylic acid, butylcyclohexyl ether (present at 91%), 2-methyl-2-

ethyl-3-hydroxy-2,2,4-trimethylpentyl ether (present at 78%), and the 2-methyl-2-ethyl-3-

hydroxyhexyl ester of propanoic acid (present at 72%). Notably, the molecule 1,2-

benzenedicarboxylic butylcyclohexyl ester, a benzoic acid ester, displays strong 

pharmacological activity such as antitumor, antibacterial, antiviral, and anticancer activities 

(Ram et al., 2020). Another molecule, propanoic acid 2-methyl-2-ethyl-3-hydroxy-2,2,4-

trimethylpentyl ether, is an example of a non-steroidal anti-inflammatory medicine (NSAID), 

which is used in the treatment of inflammation-related tissue damage (Priyadarshin et al., 

2018). 

After intraperitoneal distribution of 125 mg/kg body weight of BaP to groups 3, 4, 5, and 6, 

biochemical assays, serum analysis, apoptotic analysis, and inflammatory analysis were 

undertaken. Following this, the colon was dissected, and samples were taken for proper 

examination, including immunohistochemistry. Furthermore, nuclear magnetic resonance 

testing verified the existence of stigmasterol. The presence of these bioactive compounds in 

EAFPA helps to the control of apoptosis (Forbes-Hernández et al., 2014).  

Previous experiments by Young-Sang et al (2013) shown that stigmasterol produced from the 

marine microalgae Naviculaincerta induces apoptosis. Continuation of these assays 

demonstrated that a purified fraction of EAFPA containing stigmasterol could open the 

mitochondrial pore, suggesting its role in apoptosis induction. Stigmasterol belongs to the 

phytosterol family and is characterized by a side chain containing a double bond, consisting 
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of three cyclohexane rings and one cyclopentane ring, which efficiently causes apoptosis. 

Isolated from the marine microalgae Naviculaincerta, stigmasterol has a chemical formula of 

C29H48O and is part of the cholesterol family. Phytosterols of this kind are known to cause 

apoptosis in human breast, prostate, and colon cancers (Bradford and Award, 2007; Kim et 

al., 2014). 

5.7 Apoptotic effect of isolated stigmasterol  

Regarding the apoptotic activity of isolated stigmasterol, earlier research have established its 

potential to cause cell death mediated by mitochondria. Additionally, it has been demonstrated 

to prevent iron-induced lipid peroxidation, enhance ATPase activity, and have non-toxic 

effects. However, its impact on colon toxicity has not been explored. Thus, the current study 

attempts to examine the impact of the pure chemical (stigmasterol) on colon damage. 

indicators such as oxidative stress elimination, histological abnormalities, molecular and 

physiological immunological markers, and liver functions were evaluated. The results 

revealed that stigmasterol alleviated intestinal dysfunction coming from the injection of DSS 

and/or BaP. 

Ulcerative colitis (UC) is a condition where the assessment of medicinal plants for treatment 

and management becomes crucial owing to the ineffectiveness and relapse of earlier 

therapeutic approaches. The symbiotic relationship between the gastrointestinal microbiota 

and the host immune system plays a critical role in sustaining the integrity of the 

gastrointestinal tract and managing inflammatory responses. Therefore, there is a need for 

drugs that can lower immune responses and oxidative stress to properly treat ulcerative colitis. 

The icurrent istudy iproved ithe ianti-protective iand ianti-inflammatory iproperties iof ithe 

isolated imaterial i(stigmasterol) iderived ifrom iPiptadeniastrum iafricanum istem iin ithe 

context iof iUC. iPrevious iinvestigation ihas ialso ishowed ithe itherapeutic iefficacy iof 

Piptadeniastrum iafricanum iin ithe itraditional itreatment iof istomach iulcers iand iwound 

healing i(Mbiantcha iet ial., i2017). 

The medicinal potential of P. africanum is explained by the manifestation of biologically 

active compounds in it, for instance, flavonoids, saponins, tannins, glycosides, sterols, as well 

as 1,2-benzenedicarboxylic acid, butylcyclohexyl ether (91%), propanoic acid, 2-methyl-, 2-
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ethyl-3-hydroxy-2,2,4-trimethylpentyl ether (78%) and propanoic acid, 2-methyl,2-ethyl-3-

hydroxyhexyl ether (72)% and stigmasterol isolated from P. africanum , they are well known 

and have pharmacological therapeutic properties such as antitumor, antioxidant, antiviral and 

anticancer potential as being revealed by previous researchers (Priyadarshin et al., 2018; Ram 

et al ., 2020 ). sIn the present study, intracellular ROS produced, were reduced by the purified 

fraction, and hence, protecting cells from apoptosis by increasing Bcl-2 levels (Pratiwi et al., 

2021). 

5.8 Isolated stimaterol  attenuates inflammatory biomakers 

Ulcerative colitis revealed as a solid connection amid lasting colon swelling, also cancer. It is 

a relapsing colon disorder that has been reported worldwide (Ajayi et al., 2015). A study of 

the effects of stigmasterol purified from P. africanum stem bark revealed pharmacological 

benefits of P. africanum in benzo{a}pyrene/dextran sulfate sodium (B{a}P/DSS) colitis in 

mice (Olojo et al., 2022). 

Oral administration of dextran sulfate sodium is known to be a factor influencing both acute 

and chronic colitis in mice with the spread and development of many patterns of intestinal 

inflammation (Okayasu et al., 1993; Deeleman et al., 1998; Farombi et al., 2013). Ulcerative 

colitis (UC) is an example of inflammatory bowel disease (IBD) along with Crohn's disease 

(CD). Ulcerative colitis can be tiring, debilitating, severe, fatal, and dangerous with symptoms 

like diarrhea, rectal bleeding, fatigue, weight loss, and have a lifelong illness with profound 

psychological and social consequences (Farombi et al., 2013; Basson, 2019). DSS shows 

advantages due to its simplicity and similarity to human IBD compared to other animal models 

of colitis. 

In this study, colitis was confirmed in animals in groups (2 {DSS}, 4 {DSS+BaP}, 5 

{DSS+BaP+200 mg/kg P. africanum} and 6 {DSS+BaP+400 mg/kg P.africanum } ) fed 4% 

DSS for ten (10) days, as evidenced by diarrhea from the fifth (5) day, a bloody spot in the 

anal area, and animals showed an increase in weight from the first (1) day to the fourth (4 ) 

on the day of the start of the experiments, with a decrease in weight observed from the fifth 

(5) day, but subsequently it was noted that the weight remained stable following the 

termination of DSS before the start of B{a}P (Adedara et al., 2017; Cochran et al., 2020 
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reported acute colonic inflammation after exposure of a mouse model to a 7-day 

administration of 3% DSS in drinking water, resulting in acute colonic inflammation followed 

by slow colonic epithelial turnover followed by chronic inflammation after DSS cessation. 

Micrographs of the colon isolated for histology showed that the epithelium and glands of the 

control animals were not inflamed and the mucosa appeared normal and not infiltrated, 

whereas the mucosal epithelium of the DSS-only groups was poorly preserved, with lamina 

propria showing moderate fibrosis, while a few normal villi were lightly infiltrated with 

inflammatory cells. In the BaP groups, only mild inflammatory cell infiltration was observed, 

and atypical adenocarcinoma cells were found in the glandular epithelial cells compared to 

the control groups, which appeared normal and were not infiltrated. Administration of the 

DSS+BaP combination revealed the presence of a well-differentiated epithelial cell 

adenocarcinoma with moderate necrosis compared to the vehicle treated groups.  

However, among the groups of harmful substances co-administered with P. africanum, we 

discovered the infiltration of inflammatory cells into the lamina propria, along with areas of 

glandular hyperplasia, but no adenomas were identified. Additionally, in the mucosal 

epithelium of the latter group, which obtained a bigger dosage of P. africanum, we discovered 

poorly sustained glandular hyperplasia without adenomas. The colon displayed indications of 

inflammation, injury, damage, and regeneration (Ivashkiv, 2018; Akinrinde et al., 2021). In 

the groups of hazardous substances that were injected with 200 mg/kg of body weight P. 

africanum, we detected partial healing defined by hyperplasia without adenomas. 

Examining the micrographs of colon sections stained with hematoxylin and eosin (at 400x 

magnification) from the groups treated with 4% DSS in this experiment, we observed 

moderate infiltration of inflammatory cells, including lymphocytes, polymorphic cells, and 

plasma cells, in the lamina propria of the groups receiving DSS. The glands also exhibited 

considerable infiltration of inflammatory cells, and there was damage of the mucosal 

epithelium. In contrast, the lamina propria of the groups treated with the DSS + BaP 

combination demonstrated considerable infiltration of inflammatory cells, both internally and 

longitudinally (Ajayi et al., 2016; Perše and Cerar, 2020). Comparatively, the mucosa, 

epithelium, and glands of the control group remained normal and undisturbed by 
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inflammation. It is worth emphasising that the seven-day DSS model has been commonly 

applied to induce colitis in various investigations due to its propensity to change gut barrier 

function, resulting in increased permeability. This can mimic the experiences of numerous 

people, making it challenging to assess medicines focused at restoring barrier integrity (Ajayi 

et al., 2018; Cochran et al., 2020). 

Benzo[a]pyrene (BaP) is a contaminant present in the environment and food, originating from 

both natural and man-made industrial activities, such as cigarette smoking, home waste 

incineration, and automotive emissions. It may also be formed by activities like grilling and 

roasting, where BaP is normally synthesised as a powder but may also be made as vapor at 

high temperatures (Ajayi et al., 2015). BaP has been proved to be non-carcinogenic but 

mutagenic when administered orally. However, in the setting of DSS-induced inflammation, 

BaP can contribute to tumor formation (Hakura et al., 2011). 

The clinical manifestations of ulcerative colitis range from weight loss, diarrhea, bleeding, 

etc., and all of them were found in the present study that stigmasterol isolated from P. 

africanum stem bark significantly improved the prevalence of clinical manifestations that 

were noted in the model with sodium dextran sulfate in inflammatory bowel disease and 

preventive role of stigmasterol against the disorder-induced colonic dysfunction in Swiss mice 

was demonstrated in this study according to a report of Ke et al., 2012. Micrograph of colon 

section by immunoassay (X400) showed abundant expression of interleukin 6 in DSS-only 

groups (160%) compared to control (15%), which was significantly altered by P. africanum 

(Hu et al., 2018; Akinrinde et al., 2021).  

However, the exact pathogenesis of IBD is ambiguous, studies also show that the secretion of 

inflammable chemokine leads not only to tissue damage, but also causes the activation of the 

inmate adaptive immune system, which can lead to increased exposure of minimal antigens 

to the colonic wall, causes the activation of both the innate and adaptive immune systems by 

stronger induction, which maintain an inflammatory state leading to chronic inflammation 

(Friedrich et al., 2020). Ulcerative colitis showed elevated levels of pro-inflammatory 

cytokines (TNF-α and IL-6) compared to controls, and it can be seen that these cytokines were 

significantly reduced by stigmasterol treatment in colon tissues (Olojo et al., 2023). 



 
 
  

201 

Stigmasterol alleviates DSS+BaP colitis by modulating oxidative stress and inflammatory 

cytokines while maintaining the intestinal barrier Kiernan et al., (2020) reported that pro-

inflammatory cytokines (TNF-α and IL-6) could be a potential pharmacological agent. 
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CHAPTER SIX 

Summary, Conclusion and Recommendations  

6.1 Summary 

This research authenticated that traditional plants are potential pharmaceutical agents when it 

comes to disease management.  The study confirmed that Piptadeniastrum africanum (extract, 

fractions and subfractions) possesses some bioactive compounds that could make the plant a 

therapeutic agent in the control of diseases such as modulation of mitochondria mediated-cell 

death, increase in ATPase activity, inhibitory effect on lipid peroxidation the release of 

cytochrome c, DNA fragmentation, increase in caspases 9 and 3 activities in both in the test 

tube  and in the living organism. Bioactivity guided assay through GC-MS and Nuclear 

Magnetic Resonance (NMR) revealed that Stigmasterol isolated from PA via modulation of 

mitochondria mediated-cell death attenuated the toxic effect of DSS/B(a)Pyrene on 

haematological profile.  

It was observed that PA mitigated DSS/BaP- mediated increase in activity index restoration 

of body weight and reduction in diarrhea. The results also showed that PA 

attenuated DSS/BaP-induced toxicity by boosting antioxidant status while suppressing 

oxidative stress and pro-inflammatory biomarkers. Moreover, PA ameliorated DSS/BaP- 

induced histopatological lesions and destruction of colonic histological architecture in mice. 

However, stigmasterol has no inductive effect on the apoptotic biomakers. The ability of PA 

to maintain structurally and functionally colon in disease state demonstrated 

its chemopreventive potentials in the colon of the mice. 
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6.2  Conclusion 

Purified fraction isolated from Piptadeniasrtum africanum modulated mitochondrial-

mediated cell death by reducing chemokines levels in pro-apoptotic proteins (Bax, Bcl-2, etc.). 

The plant sterol (stigmasterol) contains favourable, promising and promising biologically 

active components that can be used in the prevention of liver and colon diseases. It also plays 

a protective role against oxidative stress-induced apoptosis. P. africanum extract and fractions 

modulate mPT pore opening in mouse liver. Various doses of P. africanum extract and 

fractions used in this study are non-toxic and induce mitochondria-mediated apoptosis in the 

liver.  

However, cell death in the colon is not via mitochondria. The presence of colitis was observed 

in the DSS treated groups in terms of weight loss, blood smears and histological findings that 

improved with different doses of PA (BaP/DSS+200mg/kg and BaP DSS+400mg/kg), 

confirming therapeutic efficacy. Piptadeniastrum africanum expression of death-associated 

molecular patterns of pro-inflammatory cytokines (IL-6 and TNFα) due to loss of membrane 

integrity in mouse epithelial tissue that elicited inflammatory signals was reduced in mice 

treated with PA as reported in this present study, and this is consistent with studies in 

experimental animals and humans with ulcerative colitis (Papadakis and Targan, 2000, 

Hakura et al., 2011, Farombi et al., 2013). Stigmasterol could be a new regime for ulcerative 

colitis. 

6.3 Recommendations 

Based on the findings of the study, the following recommendations were made  

1. Clinical application of stigmasterol could be an agent for dietary therapy for the 

treatment of ulcerative colitis 

2. Stigmasterol should be compared with modern drugs on models to establish its 

remarkable potentials  

3. Additional researches should be carried out for better understanding of  the underlying 

techniques by which stigmasterol exerts its ameliorative effects. 

4. It is reasonable that further pharmacological studies be conducted to assess the 

untapped potential of this bioactive agent. 

5. However, this report can serve as a reference tool for other workers working with 

stigmasterol. 
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6.4 Contributions to knowledge 

1. Modulatory effect of extract and fractions of P. africanum on mPT pore is 

demonstrated for the first time.  

2. Mitigation of colon damage by ethyl iacetate ifraction iof iP. iafricanum istem ibark is 

proven. 

3.  The following compounds are proven to be present in the first-time using GC-MS 

a. 1,2-Benzenedicarboxylic, butylcyclohexyl ester,  

b. Propanoic acid, 2-methyl-, 2-ethyl-3-hroxyl-2,2,4-trimethylpentyl ester,  

c. Propanoic acid, 2-methyl-, 2-ethyl-3-hroxylhexyl ester and 

4 Nuclear Magnetic Resonance (NMR) result showed the presence of Stigmasterol, 

which mitigated pro-inflammatory cytokines ( TNFα and IL-6).  

5. Bioactivity-guided assay on the extract and fractions of PA showed that ethyl acetate 

exhibited the most potent causing the induction of mPTpore opening resulting in the 

release of cytochrome c, enhancement of mitochondrial ATPase activity and inhibition 

of mLPO in cells.  

6. Stigmasterol remarkable antioxidant potentials are related to amelioration of ulcerative 

colitis resulted from DSS/BaP toxicants 
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APPENDICES 

Standard Protein Curve 

This was determined by preparing various standard solutions which are then assayed for their 

values. 
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