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                                                                 ABSTRACT 

Natu’ral p’roducts ‘rich in phytochemicals have gained conside’rable attention fo’r thei’r antioxidant 

and p’rotective p’rope’rties. This study evaluated the antioxidant potential of the ethanol leaf ext’ract 

of Pennisetum pu’rpu’reum in cyclophosphamide-induced immunosupp’ression in Wista’r albino 

‘rats th’rough phytochemical sc’reening, assessment of oxidative st’ress bioma’rke’rs, and 

histopathological examination of spleen tissues. Qualitative phytochemical analysis ‘revealed the 

p’resence of alkaloids, flavonoids, phenolic compounds, tannins, te ’rpenoids, dite’rpenes, 

t’rite’rpenes, quinones, saponins, ca’rbohyd’rates, ca’rdiac glycosides and p’roteins/amino acids, 

while phlobatannins we’re not detected. Thi’rty-five Wista’r albino ‘rats we’re ‘randomly assigned 

into seven g’roups comp’rising a no’rmal cont’rol, negative cont’rol (induced but untreated), positive 

cont’rol (treatment with standard drug), vehicle cont’rol( treatment with sterile water) and th’ree 

ext’ract-t’reated g’roups. Oxidative st’ress bioma’rke’rs, including malondialdehyde (MDA), catalase 

(CAT), supe’roxide dismutase (SOD) and ‘reduced glutathione (GSH), we’re dete’rmined using 

standa’rd biochemical methods, while spleen tissues we’re p’rocessed fo’r histopathological 

evaluation using hematoxylin and eosin staining. The ‘results showed that t’reatment with the 

ext’ract significantly (p < 0.05) dec’reased MDA levels while significantly inc’reasing CAT, SOD 

and GSH activities in a dose-dependent manne’r. The high-dose g’roup (400 mg/kg) ‘resto’red 

antioxidant pa’ramete’rs to values compa’rable with the no’rmal cont’rol, whe’reas the vehicle cont’rol 

showed no significant imp’rovement. Histopathological examination ‘revealed nea’r-no’rmal splenic 

a’rchitectu’re in G’roups 3, 4 and 6, while G’roups 2, 5 and 7 showed mild pathological alte’rations, 

including focal nec’rosis, fib’rosis and pseudo’rosette fo’rmation, ‘respectively, indicating pa’rtial 

‘recove’ry of splenic tissue. These findings suggest that the ethanol leaf ext ’ract of Pennisetum 

pu’rpu’reum possesses significant antioxidant activity and p’rotects against cyclophosphamide-

induced oxidative st’ress, p’robably due to its ‘rich phytochemical composition. The study suppo’rts 

the potential use of Pennisetum pu’rpu’reum as a natu’ral sou’rce of antioxidant compounds fo’r the 

management of oxidative st’ress-’related diso’rde’rs. 

 

 

Keywo’rds: Pennisetum pu’rpu’reum, Cyclophosphamide, Oxidative St’ress, 

Phytochemicals,Histopathology. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

Plant medicine in the p’revention and t’reatment of diseases has played a ve’ry impo’rtant pa’rt in the 

healthca’re indust’ry wo’rldwide, especially in sub-Saha’ran Af’rica due to the lack of pha’rmaceutical 

facilities the’re. Acco’rding to the Wo’rld Health O’rganization (WHO), about 80 pe’rcent of the 

wo’rld population uses t’raditional plant-based medicine fo’r health ca’re pu’rposes (WHO, 2023). In 

Nige’ria, thousands of plants a’re used ethnomedicinally in the p’revention and t’reatment of diseases 

like infectious, metabolic, and oncological diseases. Thus, p’roving the efficiency of these 

t’raditional medicines scientifically has become an impo’rtant issue today. 

Pennisetum purpureum Schumach. (Poaceae) is one of the plants that have gained 

impo’rtance in ethnomedicinal uses of southeaste’rn Nige’ria. The plant is cultivated in t’ropical 

Af’rica widely and has gained impo’rtance in the diet of Igbo speaking people in Abia state in 

Nige’ria whe’re the young tende’r leaves of the plant a’re cooked as a nut’ritious vegetable soup 

known as ‘Ofe Acha’ra.’" Beyond its nut’ritional ‘role, the plant has been ‘repo’rted to possess 

antioxidant, antimic’robial, and antivi’ral p’rope’rties att’ributable to a ‘rich a’r’ray of seconda’ry 

metabolites including flavonoids, tannins, alkaloids, saponins, and phenolic acids (Adesanya et 

al., 2022; Chukwuemeka et al., 2023). These phytochemical constituents p’rovide a st’rong 

pha’rmacological basis fo’r investigating the plant’s p’rotective potential against oxidative st’ress-

mediated tissue damage. 

Oxidative st’ress — defined as the cellula’r imbalance a’rising when ‘reactive oxygen species 

(ROS) p’roduction exceeds the capacity of endogenous antioxidant defense systems — is now 

‘recognized as a cent’ral pathomechanism linking inflammation, immune dysfunction, and multi-
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o’rgan inju’ry (Schiebe’r & Chandel, 2021; Pizzino et al., 2023). The p’rincipal bioma’rke’rs of 

oxidative st’ress in expe’rimental pha’rmacology include malondialdehyde (MDA), a p’roduct of 

lipid pe’roxidation; and the antioxidant enzymes supe’roxide dismutase (SOD) and catalase (CAT), 

togethe’r with the non-enzymatic antioxidant ‘reduced glutathione (GSH). The ‘relative levels of 

these ma’rke’rs in tissue and plasma samples p’rovide ‘reliable quantitative indices of the deg’ree of 

oxidative inju’ry and ‘remaining antioxidant capacity (Halliwell, 2021; Bhatt et al., 2021). 

                    Cyclophosphamide (CY) is a bifunctional alkylating agent and immunosupp ’ressive 

d’rug used b’roadly in the clinical t’reatment of malignancies, such as lymphoma, leukemia, b’reast 

cance’r, ova’rian cance’r, p’rostate cance’r, and autoimmune diseases, like neph’rotic synd’rome, and 

‘rheumatoid a’rth’ritis (Emadi et al., 2021; Moschella et al., 2022). Howeve’r, off-ta’rget toxicities 

bea’r well documented limits to its clinical utility. CY is metabolized in the live ’r, kidney, spleen, 

and othe’r o’rgans to highly ‘reactive metabolites, phospho’ramide musta’rd and ac’rolein, that 

alkylate DNA and p’roduce excessive ROS, which deplete GSH ‘rese’rves, and t’rigge’r lipid 

pe’roxidation cascade in live’r, kidney, spleen, and othe’r o’rgans (Ga’rcia-Ma’rtinez et al., 2025; 

Rajput & Singh, 2025). Cyclophosphamide has been the most commonly used model in 

expe’rimental systems to induce immunodep’ression in ‘rodents with ‘reliable and well-validated 

‘results, including o’rgan damage as a di’rect consequence of oxidative st’ress, which can be 

evaluated by the administ’ration of cyclophosphamide (Meng et al., 2022; Zhang et al., 2023). 

 

Although a va’riety of in vit’ro studies have demonst’rated the antioxidant activity of Pennisetum 

pu’rpu’reum, no wo’rk has been conducted so fa’r to systematically assess the antioxidant potential 

of the plant in an in vivo model of immunosupp’ression induced by cyclophosphamide to cause 

o’rgan histopathological damage. This gap is a c’rucial obstacle in the p’rocess of taking P. 
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pu’rpu’reum to the next steps of being validated as a novel chemop’rotective o’r immunomodulato’ry 

agent. Hence, the p’resent study was planned to add’ress this lacuna by pe’rfo’rming a detailed 

phytochemical analysis, a detailed oxidative ma’rke’r ‘response and detail histopathological study 

of leaf ext’ract of P. pu’rpu’reum in cyclophosphamide induced Wista’r albino ‘rats. 

 

1.2 Statement of the Problem 

Toxicity induced by cyclophosphamide is a majo’r clinical p’roblem. The live’r bioactivation of CY 

‘results in the p’roduction of ‘reactive metabolites, including ac’rolein, which leads to high levels of 

lipid pe’roxidation (inc’reased MDA), dec’reased antioxidant enzyme activities (SOD and CAT) and 

low level of int’racellula’r glutathione (Olaniyi et al., 2025; Ga’rcia-Ma’rtinez et al., 2025). These 

biochemical de’rangements lead to a p’rog’ressive histopathological damage in ta’rget o’rgans, with 

hepatocyte vacuolation and nec’rosis in the live’r, p’roximal tubula’r degene’ration in the kidney, and 

lymphocyte depletion in the spleen. On a clinical level, these side effects c’reate a p’roblem of 

patient tole’rance to the doses of cu’rative chemothe’rapy and inc’rease the mo’rbidity and mo’rtality 

of the the’rapy (Rajput & Singh, 2025). 

The existing pha’rmacological tools fo’r CY toxicity include agents fo’r specific CY symptoms like 

mesna fo’r hemo’r’rhagic cystitis, but a’re not available to p’rotect against oxidative multi-o’rgan 

damage. Thus, the’re is a need fo’r natu’ral chemop’rotective agents that a’re b’road acting, safe, 

affo’rdable and effective at ‘reducing CY-induced oxidative st’ress without comp’romising its 

the’rapeutic activity. Plant polyphenols and flavonoids show g’reate’r p’romise as antioxidants owing 

to thei’r multimechanistic antioxidant effects: di’rect ROS scavenging, metal chelation and 

up’regulation of endogenous antioxidants enzyme exp’ression by activation of the N’rf2/Keap1 

signalling pathway (Tungmunnithum et al., 2021; Akinseye et al., 2024). 
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Pennisetum purpureum is easily available, cheap plant that has been documented ethnomedicinally 

in Nige’ria and ‘repo’rted in vit’ro antioxidant activity. Pha’rmacological validation is limited as the’re 

is no in vivo evidence specifically on its effects on oxidative st ’ress ma’rke’rs and o’rgan 

histopathology in a CY model. The p’resent study di’rectly fills this gap in the evidence base, 

p’roviding data needed fo’r scientific validation of the t’raditional use of the plant fo’r the’rapeutic 

pu’rposes. 

1.3 Aim of the Study 

The aim of this study was to evaluate the effects of the ethanol leaf ext ’ract of Pennisetum 

purpureum on oxidative st’ress bioma’rke’rs and histopathological changes in the spleen of 

cyclophosphamide-induced immunosupp’ressed Wista’r albino ‘rats. 

1.4 Objectives of the Study:  

The Specific Objectives a’re: 

1. To evaluate the qualitative phytochemical composition of the leaves of Pennisetum purpureum. 

2. To evaluate the effect of ext’ract on the level of Malonaldehyde (MDA) on immunosupp ’ressed 

‘rats 

3. To dete’rmine the effect of the ext’ract on the activities of Supe’roxide dimutase (SOD), Catalase 

(Catalase) and Reduced Glutathione (GSH) 

4. To evaluate the histo-a’rchitectu’ral impact of the immunosupp’ressant and t’reatment with the 

ext’ract on the spleen 

1.5 Significance of the Study 

This study was beneficially p’roduce essential data about scientific evidence fo’r t’raditional 

medicine, basis fo’r d’rug development in Nige’ria and in Af’rica  
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The study helped in discove’ry of affo’rdable t’reatment options, ‘reducing dependence on synthetic 

d’rugs. 

The study cont’ributes to Pha’rmacology, Toxicology and He’rbal medicine ‘resea’rch content 

togethe’r with its phytochemical content.  

Knowledge about bioactive compounds enhances the potential use of scientific evidence fo ’r 

t’raditional medicine as a natu’ral antioxidant sou’rce fo’r food manufactu’ring and medical fields and 

in cosmetics.  

This ‘resea’rch expands plant-based antioxidant knowledge bases which allows fo’r the development 

of sustainable and natu’ral synthetic antioxidant alte’rnatives. 

1.6 Scope of the Study 

This study investigated the antioxidant effects of the ethanol ext’ract of Pennisetum purpureum in 

cyclophosphamide-induced immunosupp’ression Wista’r albino ‘rats. The study cove’red qualitative 

phytochemical sc’reening of the ext’ract, evaluation of oxidative st’ress bioma’rke’rs (MDA, CAT, 

SOD and GSH), and histopathological examination of the live’r and kidney tissues. 

1.7justification for Study 

Pennisetum purpureum is dist’ributed th’roughout the t’ropics and is a common fodde’r fo’r animals. 

Howeve’r, in t’raditional medicine, the leaves of this plant a’re also used to t’reat seve’ral diseases, 

implying that they also contain biologically active substances with the’rapeutic potential. Although 

it is widely used and has ethnomedicinal applications, scientific data on the antioxidant p’rope’rties 

of it is still sca’rce, pa’rticula’rly in the p’resence of immunosupp’ression caused by d’rug use. 

Cyclophosphamide is an effective anticance’r and immunosupp’ressive d’rug, howeve’r, it is able to 

gene’rate a high level of ‘reactive oxygen species (ROS), which can cause a high level of oxidative 

st’ress, tissue damage and supp’ression of immune function. The negative clinical impact of these 
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side effects may ‘rest’rict its clinical use and impact patient health. Hence, it is impo’rtant to find 

natu’ral p’roducts that not only can dec’rease oxidative damage, but also help to ‘recove’r f’rom the 

toxicity caused by cyclophosphamide. 

The chemical analysis of the phytochemicals p’resent in the leaves of Pennisetum purpureum will 

aid in dete’rmining the bioactive compound(s) implicated in any antioxidant activity found. The 

estimation of the oxidative st’ress ma’rke’rs will give an idea of the plant capacity fo’r ‘re-establishing 

the balance between oxidants and antioxidants and histopathological analysis will show whethe ’r 

the ext’ract is able to p’rotect the tissues f’rom the damage caused by cyclophosphamide. 

Hence, this study was justified as it gave scientific p’roof fo’r the antioxidant activity of the leaves 

of Pennisetum pu’rpu’reum, suppo’rt o’r ‘refute its t’raditional medicinal value, and also help in the 

sea’rch fo’r affo’rdable plant based agents which can ‘reduce the oxidative st’ress and tissue damage 

due to immunosupp’ressive the’rapy. The ‘results can also be used as a basis fo’r fu’rthe’r 

pha’rmacological and toxicological ‘resea’rch into the development of safe’r alte’rnative ‘remedies. 

1.8 Operational Definition of Terms 

Pennisetum purpureum (Schumach.): It is pe’rennial t’ropical g’rass belonging to the family Poaceae 

which p’roduces tende’r young leaves that make up the plant mate’rial investigated in this study. 

Cyclophosphamide (CY): A p’rod’rug of nit’rogen musta’rds that is an immunosupp’ressive and 

chemothe’rapeutic agent in this study that was used to induce expe ’rimental immunosupp’ression 

and oxidative o’rgan damage in Wista’r albino ‘rats. 

Oxidative St’ress: Condition of cellula’r imbalance in which the p’roduction of ROS (‘reactive 

oxygen species) and RNS (‘reactive nit’rogen species) becomes g’reate’r than the ability of the 

cellula’r antioxidant defence mechanisms to neut’ralize them, leading to oxidative damage of lipids, 

p’roteins and nucleic acids. 
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Malondialdehyde (MDA): Reactive dialdehyde fo’rmed as a final p’roduct of PUFAs pe’roxidation, 

which is measu’red as a thioba’rbitu’ric acid ‘reactive substance (TBARS) to be the chief indicato ’r 

of lipid pe’roxidation. 

Supe’roxide Dismutase (SOD): An enzyme of the metalloenzyme class that catalyses the 

dismutation of supe’roxide ‘radical anions (O2•−) to H2O2 and O2; a ma’rke’r of fi’rst line enzymatic 

antioxidant defence. 

Catalase (CAT): ma’rke’r of enzymatic antioxidant activity, ‘reflecting the capacity of H2O2 

detoxification in cells, enzyme which catalyzes the deg’radation of H2O2 to wate’r and oxygen. 

Reduced Glutathione (GSH): An int’racellula’r non-enzymatic antioxidant, a t’ripeptide thiol 

(gamma-glutamyl-cysteinyl-glycine) which is the main antioxidant in the cell and is a co-subst’rate 

fo’r Glutathione Pe’roxidase; depletion of GSH is a majo’r ma’rke’r fo’r the seve’rity of oxidative 

st’ress. 

 

Phytochemicals: Bioactive seconda’ry metabolites of plant o’rigin quantitatively analysed, 

qualitatively sc’reened and p’rofiled by GC-MS, such as alkaloids, flavonoids, tannins, saponins, 

te’rpenoids & phenolic compounds. 

Histopathology: Mic’roscopic examination of haematoxylin/eosin (H&E) stained sections of the 

live’r, kidney and spleen of expe’rimental animals fo’r the identification and g’rading of st’ructu’ral 

and cellula’r pathological changes. 

Immunosupp’ression: Expe’rimental depletion of immune function following cyclophosphamide 

the’rapy, including dec’reased indices of immune o’rgans, depletion of lymphocytes, and dec’reased 

humo’ral and cell-mediated immunity. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Introduction 

The cu’r’rent chapte’r explo’res the existing body of lite’ratu’re ‘rega’rding the oxidative effects of 

Pennisetum purpureum leaf on immunosupp’ressed ‘rats by cyclophosphamide. In this ‘rega’rd, the 

chapte’r will explo’re oxidative st’ress, ‘reactive oxygen species, antioxidants, and 

immunosupp’ression, togethe’r with the pha’rmacology and phytochemist’ry of Pennisetum 

pu’rpu’reum. The chapte’r will also explo’re the mechanism of action and toxicity of 

cyclophosphamide, with emphasis on oxidative st’ress induction. Additionally, the chapte’r will 

explo’re the impo’rtance of oxidative st’ress bioma’rke’rs and histopathology in the assessment of 

tissue damage and p’rotection by medicinal plants. Relevant studies will be ‘reviewed in o’rde’r to 

gene’rate scientific backg’round fo’r the cu’r’rent study. 

2.1 Medicinal Plants and Traditional Medicine in Africa 

In the past ten yea’rs, the pha’rmacological use of plant biodive’rsity has gained significantly, as a 

‘result of the inc’reasing ‘resistance of mic’roo’rganisms, patented pha’rmaceutical d’rugs becoming 

too expensive fo’r poo’r nations and the ‘renewed inte’rest in the st’ructu’ral dive’rsity of plant natu’ral 

p’roducts as d’rug leads. The Global Repo’rt on T’raditional and Complementa’ry Medicine by WHO 

(2023) confi’rms that 80% of the wo’rld’s population, mainly in Af’rica and Asia, depends on 

t’raditional medicine using plants as the base fo’r t’reatment; and that the systematic scientific 

validation of t’raditional medicine is a public health p’rio’rity. Nige’ria is a ‘rich sou’rce fo’r 

ethnomedicinal candidates with it being home to ove’r 7,500 species of plants of which a huge 

sha’re has medicinal applications (Abubaka’r et al., 2021). 
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The seconda’ry metabolites of medicinal plants a’re its pha’rmacological ‘relevance, as they a’re 

developed in co-evolution with abiotic st’ress, pathogens, and he’rbivo’res. Dieta’ry and medicinal 

plant polyphenols, te’rpenoids and alkaloids have been shown to have pleiot’ropic health-p’rotective 

p’rope’rties, such as anti-inflammato’ry, antioxidant, antimic’robial and chemop’rotective (Atanasov 

et al., 2021). Plant antioxidants a’re especially int’riguing in the t’reatment and p’revention of 

oxidative st’ress mediated diseases such as metabolic synd’rome, neu’rodegene’ration, 

ca’rdiovascula’r diseases, and toxic side effects of chemothe’rapy (Pizzino et al., 2023; Akinseye et 

al., 2024). 

In vivo chemop’rotective effects of many Af’rican medicinal plants against cyclophosphamide-

induced toxicity have been documented in ‘recent yea’rs by systematic ‘reviews which inva’riably 

shows ‘resto’ration of the antioxidant enzyme activities and abatement of lipid pe’roxidation (Meng 

et al., 2022; Balogun et al., 2023). The p’resent study of Pennisetum purpureum is well suppo’rted 

by these findings. 

2.2 Botanical Description and Ethnobotany of Pennisetum purpureum 

2.2.1 Taxonomy and Classification of Pennisetum purpureum 

Pennisetum purpureum Schumach, commonly known as elephant g’rass o’r Napie’r g’rass, is 

a tall pe’rennial t’ropical g’rass with the following taxonomic classification: 

 Kingdom: Plantae 

 Supe’rdivision: Spermatophyta (seed plants) 

 Division: Magnoliophyta (angiospe’rms) 

 Class: Liliopsida (monocotyledons) 

 O’rde’r: Poales 

 Family: Poaceae 
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 Genus: Pennisetum 

 Species: Pennisetum purpureum Schumach. 

Pennisetum purpureum Schumach. (Synonym: Cenchrus purpureus [Schumach.] Mo’r’rone) is a 

tall, ‘robust pe’rennial g’rass of the t’ribe Paniceae, family Poaceae. The plant is indigenous to 

t’ropical sub-Saha’ran Af’rica and has been natu’ralized ac’ross Asia, South Ame’rica, and Oceania. 

It is among the highest-yielding t’ropical g’rasses, with d’ry matte’r p’roduction of 40–80 tonnes pe’r 

hecta’re pe’r annum unde’r optimal conditions, making it economically significant as a bioene’rgy 

c’rop and livestock fo’rage (Negawo et al., 2022). The plant g’rows to heights of 2–4 met’res, 

p’roducing dense multi-culm clumps bea’ring lanceolate leaves 30–120 cm in length, with 

p’rominently se’r’rated ma’rgins and pubescent sheaths. Two main cultiva’rs have been identified in 

the south-easte’rn Nige’ria, pu’rple-stemmed (acha’ra Ibeku) and g’reen-stemmed (acha’ra Ngwa), 

which diffe’r in the exp’ression of anthocyanin (Chukwuemeka et al., 2023). 

The young leaves of P. pu’rpu’reum a’re collected, washed, and added to the complex, thick soup 

called "ofe acha’ra" eaten with yam fufu o’r eba, which is consumed in Abia State, Nige’ria, fo’r 

ethnobotanical pu’rposes.P. pu’rpu’reum tende’r young leaves a’re collected, washed, and added to 

the ‘rich, viscous soup "ofe acha’ra," consumed with yam fufu o’r eba in ethnobotanical use in Abia 

State, Nige’ria. In addition to its culina’ry uses, ethnomedicinal su’rveys have been conducted in the 

o’ral cavity of southeaste’rn Nige’ria, ‘revealing its t’raditional applications in wound healing, 

t’reating skin infections, ‘respi’rato’ry t’ract ailments, and as a tonic fo’r gene’ral use, with pu’rpo’rted 

immunostimulato’ry p’rope’rties (Chukwuemeka et al., 2023; Eze et al., 2022). The combined use 

of the plant pa’rts fo’r food and medicine gives good g’rounds fo’r pha’rmacologic ‘resea’rch focused 

on the antioxidant and cytop’rotective activity of the plant. 

The antivi’ral p’rope’rty of P. pu’rpu’reum phenolic constituents was also demonst’rated as it inhibited 

in vit’ro infections by feline co’ronavi’rus (FCoV), pig epidemic dia’r’rhea vi’rus (PEDV), ente’rovi’rus 
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71 (EV71) and significantly ‘reduced infectious b’ronchitis vi’rus (IBV) seve’rity in chicken emb’ryos 

by Chen et al. (2022). The ‘results have not only spa’rked inte’rest in the plant’s ag’ro-ecological 

applications but also in the systematic pha’rmacological cha’racte’rization of the plant. 

2.3 Phytochemical Composition of Pennisetum purpureum 

Pennisetum purpureum has a wide ‘range of phytochemicals that suppo’rt those bioactivities. The 

qualitative phytochemical sc’reening of the leaves of P. pu’rpu’reum aqueous, methanolic, ethanol, 

ethyl acetate, chlo’rofo’rm and n-hexane ext’ract has consistently identified the p’resence of 

alkaloids, flavonoids, tannins, saponins, ste’roids, te’rpenoids, glycosides and phenolic compounds 

whe’re the dist’ribution of these metabolites diffe’rs based on thei’r pola’rity (Adesanya et al., 2022; 

Chukwuemeka et al., 2023). The phenolic and flavonoid content is gene’rally the highest in the 

methanol ext’ract, which is consistent with the pola’r natu’re of these seconda’ry metabolites. 

The flavonoids a’re the most abundant phenolic class and the tannins, phenolic acids and alkaloids 

a’re p’resent in smalle’r amounts, but concent’rations a’re dependent on ecotype, g’rowth stage and 

ext’raction p’rocedu’re. The leaf ext’ract of P. pu’rpu’reum has been subjected to GC-MS p’rofiling, 

‘revealing the p’resence of seve’ral bioactive compounds like que’rcetin, ‘rutin (que’rcetin-3-

’rutinoside), tannic acid, phytol, squalene, stigmaste’rol, and othe’r de’rivatives of fatty acids 

(Adesanya et al., 2022; Okafo’r et al., 2024). These include que’rcetin and ‘rutin, which a’re among 

the most pha’rmacologically well-cha’racte’rized flavonoids, with ample in vit’ro and in vivo 

evidence to suppo’rt thei’r antioxidant, anti-inflammato’ry, hepatop’rotective, and neph’rop’rotective 

p’rope’rties (Tungmunnithum et al., 2021; Okafo’r et al., 2024). 

Flavonoids in P. pu’rpu’reum exhibit a wide ‘range of antioxidant activities. Flavonoids di’rectly 

quench ROS and ‘reactive nit’rogen species (RNS) by hyd’rogen atom t’ransfe’r (HAT) and single 

elect’ron t’ransfe’r (SET) mechanisms, chelate t’ransition metal ions (Fe2+, Cu2+) pa’rticipating in 



24 

 

Fenton chemist’ry, and t’ransc’riptionally up’regulate endogenous antioxidant enzymes by activating 

the N’rf2/Keap1/ARE signaling pathway (Tungmunnithum et al., 2021; Akinseye et al., 2024). The 

polyhyd’roxylated polyphenolic st’ructu’re of tannins p’rovides an ext’ra f’ree ‘radical scavenging 

effect, and saponins have been found to ‘regulate the immune system and activate mac’rophages 

(Balogun et al., 2023). 

Okafo’r et al. (2024) pe’rfo’rmed a detailed GC-MS analysis of the methanol ext’ract of the leaves 

of P. pu’rpu’reum and found that the majo’r volatile and semi-volatile components by ‘relative 

abundance we’re phytol (16.4%), squalene (9.1%) and stigmaste’rol (7.8%). In animal studies, 

deg’radation of chlo’rophyll p’roduces phytol, which has been shown to have st ’rong anti-

inflammato’ry and antioxidant effects, such as inhibiting COX-2, dec’reasing TNF-α levels, and 

inc’reasing the p’roduction of antioxidant enzymes in the live’r (Okafo’r et al., 2024). Squalene, a 

t’rite’rpene p’recu’rso’r of the ste’rol biosynthesis, was ‘repo’rted to dec’rease the level of MDA and 

inc’rease GSH in hepatotoxic models, suggesting that it could play a ‘role in the ove’rall antioxidant 

p’rofile of ext’racts f’rom P. pu’rpu’reum (Adesanya et al., 2022). 

2.4 Oxidative Stress: Mechanisms, Biomarkers, and Pathological Consequences 

Reactive oxygen species (ROS) : a’re p’roduced natu’rally as an obligato’ry pa’rt of ae’robic 

metabolism, mainly at the mitochond’rial complexes I and III du’ring oxidative phospho’rylation, 

and enzymatically by NADPH oxidase, xanthine oxidase and cytoch’rome P450 monooxygenases. 

In physiological conditions, ROS a’re involved in c’ritical ‘redox signaling p’rocesses such as 

immune activation, cell p’rolife’ration, and autophagy. But when ROS p’roduction is inc’reased 

(caused by chemothe’rapy, inflammation, ischemia-’repe’rfusion and metabolic dys’regulation), they 

exceed the antioxidant capacity, causing a p’ro-oxidant envi’ronment that leads to damage of all 

classes of biological mac’romolecules (Schiebe’r & Chandel, 2021; Halliwell, 2021). 
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The evaluation of the oxidative st’ress involves measu’rements of ce’rtain bioma’rke’rs that ‘reflect 

oxidative damage and the efficiency of the antioxidant defense system. The oxidative st ’ress 

bioma’rke’rs that a’re typically conside’red in expe’rimental studies include malondialdehyde 

(MDA), supe’roxide dismutase (SOD), catalase (CAT), ‘reduced glutathione (GSH), glutathione 

pe’roxidase (GPx), glutathione ‘reductase (GR) and 4-hyd’roxynonenal (4-HNE). Of these, MDA, 

SOD, CAT and GSH a’re commonly used bioma’rke’rs in cyclophosphamide-induced oxidative 

st’ress models owing to the fact that they offe’r a holistic indication of lipid pe’roxidation and 

antioxidant status. The p’resent study is thus focused on these bioma’rke’rs. 

Malondialdehyde (MDA) : This is the most popula’r bioma’rke’r of lipid pe’roxidation and used as 

a ma’rke’r of oxidative damage to cell memb’ranes. Hyd’roxyl ‘radical (•OH) abst’raction of hyd’rogen 

atoms f’rom polyunsatu’rated fatty acids initiates lipid pe’roxidation that leads to p’ropagation of 

othe’r lipid pe’roxyl ‘radicals th’rough memb’rane phospholipids. This p’rocess fo’rms ‘reactive 

aldehydes, mainly MDA, and 4-hyd’roxynonenal (4-HNE), which covalently modify p’roteins, 

DNA and phospholipids, the’reby magnifying the cellula’r damage. The thioba’rbitu’ric acid ‘reactive 

substances (TBARS) assay is the most widely used method fo’r ‘routinely quantifying MDA levels 

and is the index of in vivo lipid pe’roxidation most commonly used in expe’rimental studies (Bhatt 

et al., 2021; Olaniyi et al., 2025). 

Supe’roxide dismutase (SOD): The most impo’rtant enzyme antioxidant that detoxifies supe’roxide 

‘radicals (O₂•⁻). As a cytosolic p’rotein (SOD1) and a mitochond’rial p’rotein (SOD2), the enzyme 

catalyzes the dismutation of supe’roxide ‘radicals into hyd’rogen pe’roxide (H₂O₂) and molecula’r 

oxygen (O₂), thus se’rving as the fi’rst line of antioxidant defense against oxidative st’ress (Halliwell, 

2021; Zhang et al., 2023). 
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Catalase (CAT) : An impo’rtant antioxidant enzyme that quickly b’reaks down hyd’rogen pe’roxide 

into wate’r and molecula’r oxygen and thus does not allow the fo’rmation of the ve’ry ‘reactive 

hyd’roxyl ‘radical. Catalase is p’rima’rily found in pe’roxisomes and acts in syne’rgy with SOD to 

achieve cellula’r ‘redox homeostasis and ‘reduce oxidative damage (Halliwell, 2021). 

Reduced glutathione (GSH) is the p’rima’ry non-enzymatic antioxidant within the cell which 

di’rectly neut’ralizes ROS and p’rovides a ‘reducing subst’rate fo’r glutathione pe’roxidase in the 

detoxification of hyd’rogen pe’roxide and lipid hyd’rope’roxides. The ‘reduction of GSH to the 

depletion state is one of the hallma’rks of oxidative st’ress and g’reatly enhances the susceptibility 

of cells to oxidative damage (Halliwell, 2021; Zhang et al., 2023). 

In animals t’reated with cyclophosphamide, the’re has been a consistent dec’rease in the activities 

of SOD, CAT and GSH, and an inc’rease in the level of MDA, in the live’r and kidney, ac’ross 

seve’ral independent studies. So these bioma’rke’rs can be used as ‘reliable indices fo’r evaluating 

oxidative st’ress and the antioxidant efficacy of potential chemop’rotective agents (Ga’rcia-Ma’rtinez 

et al., 2025; Meng et al., 2022; Olaniyi et al., 2025). 

Nuclea’r facto’r e’ryth’roid 2-’related facto’r 2 (N’rf2) signaling pathway is the maste’r ‘regulato’r of 

cellula’r antioxidant defense that ‘regulate the exp’ression of genes that encode SOD, CAT, GPx, 

glutamate-cysteine ligase, and heme oxygenase-1 (HO-1). Nut’rient-de’rived phenols activate this 

pathway and boost the body’s endogenous antioxidant activity, explaining the antioxidant activity 

of Pennisetum purpureum leaves in cyclophosphamide-t’reated immunosupp’ressed ‘rats (Akinseye 

et al., 2024; Tungmunnithum et al., 2021). 
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2.5 Cyclophosphamide: Pharmacology, Bioactivation, and Mechanisms of Toxicity 

Cyclophosphamide (2-[bis(2-chlo’roethyl)amino]tet’rahyd’ro-2H-1,3,2-oxazaphospho’rine 

2-oxide; MW = 261.08 g/mol) is a nit’rogen musta’rd p’rod’rug of the oxazaphospho’rine class fi’rst 

synthesized in 1958 and designated as an essential medicine by the WHO. Its indications span 

hematological malignancies (lymphomas, leukemia), solid tumo’rs (b’reast, ova’rian, lung, bladde’r), 

and immunological diso’rde’rs (neph’rotic synd’rome, systemic lupus e’rythematosus, ‘rheumatoid 

a’rth’ritis, o’rgan t’ransplant ‘rejection) (Emadi et al., 2021; Moschella et al., 2022). In expe’rimental 

pha’rmacology, CY is additionally employed as the standa’rd agent fo’r p’roducing cont’rolled 

immunosupp’ression in ‘rodent models to investigate immunomodulato’ry and chemop’rotective 

agents. 

The bioactivation of cyclophosphamide ‘requi’res hepatic oxidative metabolism. CYP2B6 

(p’rima’ry) and CYP3A4, CYP2C9 (seconda’ry) enzymes hyd’roxylate the C-4 ca’rbon of the 

oxazaphospho’rine ‘ring to p’roduce 4-hyd’roxycyclophosphamide (4-OH-CY), which equilib’rates 

with its tautome’r aldophosphamide. Aldophosphamide unde’rgoes spontaneous beta-elimination 

to yield the two p’rincipal active metabolites: phospho’ramide musta’rd — the p’rima’ry DNA 

alkylating agent — and ac’rolein (p’ropenal), the p’rincipal mediato’r of off-ta’rget cytotoxicity 

(Ga’rcia-Ma’rtinez et al., 2025; Rajput & Singh, 2025). Phospho’ramide musta’rd fo’rms int’rast’rand 

and inte’rst’rand DNA c’rosslinks at guanine N-7 positions, blocking ‘replication and t’ransc’ription 

in ‘rapidly dividing cells. Ac’rolein, a highly ‘reactive alpha,beta-unsatu’rated aldehyde, ‘rapidly 

conjugates with cysteinyl ‘residues in cellula’r p’roteins and GSH, di’rectly depleting int’racellula’r 

thiol ‘rese’rves, inhibiting antioxidant enzymes, and initiating lipid pe’roxidation cascades. 

The toxicological p’rofile of cyclophosphamide encompasses: (1) myelosupp’ression — the dose-

limiting hematological toxicity, manifesting as leukopenia, th’rombocytopenia, and anemia f’rom 
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cytotoxic depletion of hematopoietic p’rogenito’rs; (2) immunosupp’ression — p’rofound 

lymphocyte depletion (both T and B cell lineages) causing susceptibility to oppo ’rtunistic 

infections; (3) hemo’r’rhagic cystitis — ac’rolein-mediated u’rothelial nec’rosis, pa’rtially 

p’reventable with mesna; (4) hepatotoxicity — oxidative hepatocellula’r inju’ry with elevated 

se’rum t’ransaminases; (5) neph’rotoxicity — oxidative tubula’r damage with impai’red glome’rula’r 

and tubula’r function; and (6) ca’rdiotoxicity at high doses (Emadi et al., 2021; Rajput & Singh, 

2025). Ac’rolein’s ability to deplete GSH levels, thus t’rigge’ring an oxidative chain ‘reaction, is the 

common pathophysiology between the va’rious types of toxicity mentioned above and the’refo’re 

makes antioxidant the’rapy a ‘rational inte’rvention modality. 

In the classic ‘rat expe’rimental model, int’rape’ritoneal injection of cyclophosphamide ‘ranging 

f’rom 50-200 mg/kg body weight ‘reliably induces immunosupp’ression afte’r 3-7 days of the 

t’reatment pe’riod, evidenced by ‘reduced weight of the thymus and spleen glands, leukopenia, low 

antibody p’roduction, as well as oxidative st’ress bioma’rke’rs desc’ribed above. The pa’rticula’rity 

of this model lies in its ability to evaluate natu’ral antioxidants and immunomodulato’ry 

compounds, while the pa’ramete’rs examined in the cu’r’rent study (MDA, SOD, CAT, GSH, 

histopathology) a’re the most commonly evaluated as the majo’r outcome ma’rke’rs in simila’r 

studies (Meng et al., 2022; Zhang et al., 2023; Olaniyi et al., 2025). 

2.6 Histopathological Effects of Cyclophosphamide on Target Organs 

The histopathological examination is the most di’rect p’roof of the mo’rphological damage of 

o’rgans and it is a fundamental supplement to the biochemical st’ress pa’ramete’rs of oxidative 

damage in p’reclinical studies conce’rning chemop’rotection. In the p’resent investigation the th’ree 

o’rgans most susceptible to CY-induced histopathological changes a’re live’r, kidney and spleen. 
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The CY-induced oxidative st’ress causes a ‘range of histopathological changes f’rom mild 

(mic’rovesicula’r steatosis, hepatocellula’r vacuolation) to seve’re (coagulative nec’rosis, b’ridging 

nec’rosis, pe’ripo’rtal inflammato’ry infilt’ration, sinusoidal congestion). Cent’rilobula’r swelling and 

vacuolation of hepatocyte is a sign of oxidative dis’ruption of lipid metabolism and memb’rane 

integ’rity. In the study of Olaniyi et al. (2025), cyclophosphamide (2 mg/kg, i.p., 14 days) 

‘resulted in ma’rked pe’ripo’rtal inflammato’ry infilt’rates, hepatocyte nec’rosis and sinusoidal 

congestion on H&E examination, which we’re significantly amelio’rated by co-t’reatment with 

Napoleonaea vogelii ext’ract, whose antioxidant activity b’rought hepatic SOD, CAT and GSH 

towa’rd thei’r cont’rol values. Likewise, Balogun et al. (2023) showed that aqueous leaf ext’ract of 

Mo’rinda lucida ‘reve’rsed the CY-induced vacuolation and inflammato’ry infilt’ration in ‘rats which 

was accompanied by no’rmalization of the MDA and glutathione levels. 

The ‘renal histopathology is typically cha’racte’rized in CY models by thickening of the walls of 

the p’roximal tubules due to epithelial swelling, vacuolation and degene’ration of the tubules, 

mesangial expansion in the glome’ruli, tubula’r lumen dilatation with p’roteinaceous casts, and 

inflammato’ry infilt’rates in the tubules and inte’rstitial a’reas (Ga’rcia-Ma’rtinez et al., 2025). These 

changes a’re the ‘result of ac’rolein-induced oxidative damage to tubula’r epithelial cells that a’re 

highly metabolically active and exposed to high amounts of u’rina’ry CY metabolites, and a’re 

associated with inc’reases in se’rum c’reatinine and blood u’rea nit’rogen (BUN). Rajput & Singh 

(2025) also co’r’robo’rated ‘renal tubula’r nec’rosis and glome’ruloscle’rosis in CY-t’reated ‘rats which 

we’re dose-dependently amelio’rated by the antioxidant ext’ract studied, thus confi’rming the value 

of histopathology as a sensitive endpoint pa’ramete’r fo’r ‘renal chemop’rotection studies. 

The spleen is the la’rgest seconda’ry lymphoid o’rgan that is subject to cha’racte’ristic at’rophic 

changes afte’r CY depletion of lymphocytes. Histopathology shows a substantial dec’rease in 
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white pulp volume, lack of ge’rminal cente’r o’rganization, depletion of lymphocytes f’rom both 

the pe’ria’rte’riola’r lymphoid sheath (T cell zone) and the follicles (B cell zone) and expansion of 

the ‘red pulp. CY-t’reated mice exhibited a substantial loss of spleen coefficient (spleen 

weight/body weight ×100) and a dec’rease in the numbe’r of lymphocytes, which we’re ‘resto’red 

by polysaccha’ride t’reatment, demonst’rating that splenic histopathology is a good mo’rphological 

indicato’r of the deg’ree of immunosupp’ression and ‘recove’ry. 

2.7 Natural Products as Chemoprotective Agents Against Cyclophosphamide Toxicity 

The’re has been a significant g’rowth in the numbe’r of publications on plant ext’racts that mediate 

chemop’rotection in CY models in the past few yea’rs. Meng et al. (2022) pe’rfo’rmed a systematic 

analysis about the plant polysaccha’rides in CY-induced immunosupp’ression models and found 

that 47 studies of the polysaccha’rides have identified the impo’rtant biochemical effects of CY-

induced immunosupp’ression in the plant wo’rld, which include consistent ‘recove’ry of SOD, 

CAT, and GSH, while MDA was consistently ‘reduced ac’ross va’rious plant families. The ‘review 

pointed out that many othe’r effective natu’ral chemop’rotectants had two mechanisms: activating 

the N’rf2 pathway and inhibiting the NF-κB, as these pathways a’re connected by the 

polysaccha’ride-mediated immune ‘recove’ry. 

A contempo’ra’ry, ‘relevant example was given by Olaniyi et al. (2025). High phenolic content 

t’ropical flowe’ring plant, Napoleonaea vogelii (Lecythidaceae), was assessed in ‘rats t’reated with 

cyclophosphamide (2 mg/kg, i.p., 14 days). In the se’rum, CY significantly dec’reased the level of 

total thiol, SOD, CAT, and GSH, and inc’reased the level of advanced oxidized p’rotein p’roducts 

(AOPPs), while in the live’r it dec’reased SOD, CAT and GSH, and inc’reased MDA. It also 

inc’reased the levels of p’ro-inflammato’ry ma’rke’rs: tumou’r nec’rosis facto’r alpha (TNF-α), 

nuclea’r facto’r-kappaB (NF-κB) and myelope’roxidase (MPO). Co-t’reatment with N. vogelii 
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‘resto’red antioxidant status, inhibited the inflammato’ry ma’rke’rs and ‘reve’rsed live’r 

histopathological damage. Impo’rtantly, the autho’rs suggested that the hepatop’rotective effect 

was due to the polyphenolic components of the ext’ract stimulating the antioxidant gene 

exp’ression th’rough activation of N’rf2. 

Balogun et al. (2023) examined the immunomodulato’ry and antioxidant activities of Mo’rinda 

lucida aqueous leaf ext’ract in CY-immunosupp’ressed ‘rats and found that it was able to ‘resto’re 

the levels of leukocytes, splenic a’rchitectu’re, hepatic antioxidant enzymes and MDA levels. 

Flavonoids and i’ridoid glycosides we’re identified by the autho’rs as thei’r main bioactive 

components ‘responsible fo’r the effects obse’rved. Akinseye et al. (2024) ‘repo’rted that the ethanol 

ext’ract of the leaves of Ve’rnonia amygdalina, a well studied medicinal plant f’rom Nige’ria, 

alleviated CY-induced hepatotoxicity by activation of N’rf2 which up ‘regulated the exp’ression of 

HO-1, NQO1, SOD and CAT, and down ‘regulated the exp’ression of MDA and inflammato’ry 

cytokines in ‘rat live’r tissue. 

Adesanya et al. (2022) investigated in vit’ro antioxidant activity of methanol and ethyl acetate 

leaf ext’racts of Pennisetum purpureum using DPPH ‘radical scavenging, ABTS decolo’rization 

and FRAP assays with IC50 values of 38.4 μg/mL (DPPH) and 42.1 μg/mL (ABTS) fo’r 

methanol ext’ract which a’re compa’rable to asco’rbic acid (positive cont’rol). The study ‘repo’rted 

that the methanol f’raction of the plant showed the highest total phenolic content (TPC = 156.4 

mg GAE/g d’ry ext’ract) and total flavonoid content (TFC = 78.2 mg QE/g d’ry ext’ract), which 

explained this powe’rful scavenging activity. These ‘results we’re co’r’robo’rated by Chukwuemeka 

et al. (2023) who ‘repo’rted the significant anti-inflammato’ry activities of P. pu’rpu’reum (400 

μg/mL, 73.4% inhibition of albumin denatu’ration) and mode’rate analgesic activities in ‘rodent 

models f’rom the south easte’rn ‘region of Nige’ria, also in aqueous and ethanol ext’racts. These in 
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vit’ro ‘results suppo’rt the in vivo study offe’red in the cu’r’rent study f’rom a st’rong mechanism 

basis. 

2.8 GC-MS Profiling and Its Role in Phytochemical Characterization 

The GC-MS technique has eme’rged as the ideal technology in te’rms of tho’rough analysis of the 

phytoconstituents of plants. This methodology integ’rates the excellent ‘resolving capacity of 

capilla’ry GC coupled with the powe’r of MS fo’r f’ragmentation patte’rn matching with ‘refe’rence 

spect’ra sto’red in databases (NIST, Wiley) to achieve qualitative analysis and ‘relative 

quantification of the components (T’rease & Evans, 2009; Okafo’r et al., 2024). The finge’rp’rints 

c’reated using GC-MS a’re necessa’ry fo’r standa’rdizing he’rbal fo’rmulations fo’r thei’r quality 

cont’rol, consistency f’rom batch to batch, and intellectual p’rope’rty p’rotection in the field of 

pha’rmacognosy. 

Okafo’r et al. (2024) have pe’rfo’rmed GC-MS analysis of methanol ext’ract of leaves of P. 

pu’rpu’reum g’rowing in southeaste’rn pa’rt of Nige’ria to detect 34 components with peak a’reas 

mo’re than 0.1%. Majo’r constituents include phytol (16.4%), squalene (9.1%), stigmaste’rol 

(7.8%), n-hexadecanoic acid/palmitic acid (6.2%), and (E)-phytol (5.1%). Phytol is the most 

abundant component, which is a b’ranched chain of dite’rpene alcohol obtained by hyd’rolysis of 

chlo’rophyll phytyl este’r. Phytol is also known fo’r its effective antioxidant activity in vivo, 

‘reducing MDA by 34% and ‘resto’ring SOD by 28% in CCl4-induced hepatic toxicity model 

(Okafo’r et al., 2024). The squalene, a linea’r t’rite’rpene, was found to shield f’rom oxidative 

damage to live’r cells in ‘rats th’rough chelation of metal ions and scavenging of pe’roxyl ‘radicals. 

Stigmaste’rol is a phytoste’rol that alte’rs the lipid st’ructu’re of the memb’ranes and has been shown 

to exhibit anti-inflammato’ry and immunomodulato’ry effects in animal studies. 
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The p’revious GC-MS ‘results obtained by Cla’rk et al. (2023) fo’r dyes in the leaf litte’r of P. 

pu’rpu’reum confi’rmed the existence of ‘rutin and que’rcetin as phenols that we’re isolated in 

HPLC-UV c’ross-validation. The consistency between the two independent GC-MS and HPLC 

data sets confi’rming the identification of que’rcetin-containing flavonoids and te’rpenoids as 

majo’r compounds in the ext’ract of P. pu’rpu’reum fu’rthe’r confi’rms the antioxidant 

pha’rmaceutical potential of the plant. 

2.9 Relationship between Phytochemical Composition, Oxidative Stress, and 

Histopathology 

The identification of the connection between the chemical composition of phytochemicals, 

‘regulation of oxidative st’ress ma’rke’rs, and the histopathology findings is impo’rtant fo’r 

inte’rp’retation of ‘results in te’rms of the’rapeutic potential. Flavonoids and phenolic acids induce 

the N’rf2/Keap1/ARE signaling axis by inte’rfe’ring with N’rf2-Keap1 p’rotein inte’raction, leading 

to nuclea’r t’ranslocation of N’rf2 and t’ransc’ription of genes coding fo’r cytop’rotective p’roteins 

including SOD2, CAT, GPx, GSH biosynthesis enzymes, and HO-1 (Akinseye et al., 2024; 

Tungmunnithum et al., 2021). Biochemical no’rmalization of MDA, SOD, CAT, and GSH levels 

afte’r phytochemical administ’ration the’refo’re ‘rep’resents, in pa’rt, t’ransc’riptional changes induced 

via N’rf2 signaling pathway. 

The imp’rovement in histopathology is the co’r’responding ‘result of this biochemical 

no’rmalization. Lipid pe’roxidation p’revention (‘reduction in MDA level) helps to maintain the 

integ’rity of cellula’r memb’ranes and, hence, p’revents hepatocytes’ vacuolization and tubula’r 

epithelia swelling. No’rmal GSH levels allow enzymes depending on thiols to be functional and 

p’revent apoptosis by ‘rest’ricting cytoch’rome c and caspase-3 activity. Finally, the anti-
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inflammato’ry effect of phenolic compounds (supp’ression of NF-κB, inhibition of COX-2) 

p’revents leukocytes f’rom infilt’rating damaged tissue (Balogun et al., 2023; Olaniyi et al., 2025). 

The combination of these p’rope’rties, which include antioxidants, anti-inflammato’ries, and anti-

apoptotic agents, is what accounts fo’r the ability of the plant ext’racts with high TPC and TFC to 

demonst’rate compa’rable histopathological p’rotection in CY models, including this pa’rticula’r 

expe’riment. 

2.10 Gap in the Literature 

A tho’rough lite’ratu’re ‘review uncove’rs th’ree vital evidence gaps which were be add’ressed by 

this study. Fi’rst, although the’re were published wo’rks showing the antioxidant capacity of the P. 

pu’rpu’reum plant in vit’ro (Adesanya et al., 2022; Chukwuemeka et al., 2023), none of them have 

been ve’rified using the in vivo oxidative st’ress model. The necessity of in vivo validation is 

gene’rally acknowledged in the antioxidant pha’rmacology because bioavailability, fi’rst-pass 

effect of the live’r and systemic dist’ribution substantially influence the efficiency of the dieta’ry 

polyphenols (Halliwell, 2021). The cu’r’rent study fills this gap. 

Second, the’re was no wo’rk analyzing the histopathological effects of administe’ring the P. 

pu’rpu’reum leaf ext’ract – eithe’r individually o’r with CY-induced o’rgan inju’ries in the 

expe’rimental animals. Histopathological analysis is an integ’ral pa’rt of dete’rmining the safety 

p’rofile of any he’rbal fo’rmulation and demonst’rating the p’rotection of the o’rgan at the tissue 

level in addition to the changes in biochemical ma’rke’rs. Lack of such info’rmation in ‘relation to 

the P. pu’rpu’reum leaves is a conside’rable knowledge gap. 

Thi’rd, despite the p’resence of phytochemical sc’reening of the plant unde’r investigation, the’re 

was no study involving the quantitative phytochemical analysis in combination with GC-MS 

p’rofile of the used. This kind of cha’racte’rization is necessa’ry fo’r the development of st’ructu’re-
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activity ‘relationships and fo’r the standa’rdization of he’rbal medicines befo’re thei’r use in any 

clinical p’ractice. This expe’riment was intended to fill all the above-mentioned gaps in one go. 

 

 

 

 

 

 

 

 

 

 

CHAPTER THREE 

MATERIALS AND METHODS 

3.0 Materials and Methods 

3.1 Equipment and Materials 

The equipment and mate’rials used fo’r this study included an analytical weighing balance, elect’ric 

labo’rato’ry blende’r, ‘rota’ry evapo’rato’r, labo’rato’ry oven, ‘ref’rige’rato’r, deep f’reeze’r, cent’rifuge, 

UV-visible spect’rophotomete’r, wate’r bath, pH mete’r, tissue homogenize’r, light mic’roscope, 

‘rota’ry mic’rotome, pa’raffin embedding station, mic’ropipettes and ste’rile tips, measu’ring cylinde’rs, 

beake’rs, conical flasks, volumet’ric flasks, test tubes, glass ‘rods, glass funnels, wash bottles, 

Whatman No. 1 filte’r pape’r, glass slides, cove’rslips, staining ‘racks, animal cages, sy’ringes, 

needles, scalpels, fo’rceps, scisso’rs, Wista’r albino ‘rats, and f’resh leaves of Pennisetum purpureum. 
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Chemicals and Reagents 

• The chemicals and ‘reagents used in this study we’re of analytical g’rade and included 80% 

ethanol, cyclophosphamide injection, levamisole, no’rmal saline, phosphate-buffe’red saline 

(PBS), thioba’rbitu’ric acid (TBA), t’richlo’roacetic acid (TCA), hyd’rogen pe’roxide, ‘reduced 

glutathione (GSH), 5,5′-dithiobis-(2-nit’robenzoic acid) (DTNB), sodium azide, ca’rbonate 

buffe’r, phosphate buffe’r, D’ragendo’rff’s ‘reagent, Maye’r’s ‘reagent, Wagne’r’s ‘reagent, fe’r’ric 

chlo’ride solution, concent’rated hyd’rochlo’ric acid, concent’rated sulphu’ric acid, glacial 

acetic acid, acetic anhyd’ride, chlo’rofo’rm, magnesium ‘ribbon, 10% neut’ral buffe’red 

fo’rmalin, ethanol ( 80%,), xylene, pa’raffin wax, hematoxylin, eosin, DPX mounting 

medium, and distilled wate’r. 10% fo’rmol saline  ,Absolute alcohol ,Xylene,Pa’raffin Wax 

,Egg albumin ,Hematoxlyn,1% acid alcohol ,Eosin ,D.P.X ,Slide 

 

3.2 Collection and Authentication of Plant Material 

F’resh leaves of Pennisetum purpureum (Elephant g’rass) we’re collected f’rom Aku Road, 

Nsukka, Enugu State, Nige’ria. The plant mate’rial was authenticated  befo’re commencement of 

the study. A vouche’r specimen with vouche’r numbe’r Inte’rCEDD/E32/09_Pennisetum 

purpureum was deposited at the Cent’re’s he’rba’rium fo’r futu’re ‘refe’rence. 

3.3 Preparation of Plant Extract 

The f’resh leaves we’re washed with ‘running clean wate’r to eliminate dust pa’rticles and othe’r 

fo’reign substances. D’rying of the leaves took place unde’r shade at ambient tempe’ratu’re (26-

28ºC) fo’r about fou’rteen days, ‘resulting in constant weight. Pulve’rization of the d’ried leaves was 

done with the help of an elect’ric labo’rato’ry blende’r. 
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Five hund’red g’rams (500g) of the powde’red leaves we’re weighed with an analytical balance and 

mace’rated in 80% ethanol fo’r seventy two (72) hou’rs at ambient tempe’ratu’re (26-28ºC). 

Inte’rmittent shaking was done du’ring mace’ration to facilitate penet’ration of the solvent and 

ext’raction of bioactive compounds. The ext’ract was filte’red using Whatman No.1 filte’r pape’r. 

Concent’ration of the filt’rate was done using a ‘rota’ry evapo’rato’r kept at 40ºC. This p’rocess 

continued until most of the solvent was eliminated f’rom the filt’rate. D’rying of the concent’rated 

c’rude ext’ract was ca’r’ried out to fo’rm a semi-solid ext’ract that was t’ransfe’r’red into ste’rile, 

ai’rtight bottles and sto’red in a ‘ref’rige’rato’r at 4ºC. 

Pe’rcentage yield of the ext’ract was dete’rmined with the equation: 

Pe’rcentage Yield (%) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑟𝑢𝑑𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑜𝑤𝑒𝑟𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 
× 100 

3.4 Experimental Animals 

Thi’rty-five (35) healthy adult male Wista’r albino ‘rats weighing between 150 and 200 g we’re 

obtained f’rom the Animal House of the Depa’rtment of Chemical Sciences, Godf’rey Okoye 

Unive’rsity, Enugu State, Nige’ria. 

The animals we’re housed in clean polyp’ropylene cages unde’r standa’rd labo’rato’ry conditions 

(tempe’ratu’re 25 ± 2°C, ‘relative humidity 50–60%, and 12-hou’r light/da’rk cycle). They we’re 

allowed f’ree access to standa’rd g’rowe’rs’ pellet feed and clean d’rinking wate’r th’roughout the 

expe’riment. 

The ‘rats we’re acclimatized fo’r two weeks befo’re commencement of the study. Expe’rimental 

p’rocedu’res involving animals we’re ca’r’ried out acco’rding to inte’rnationally accepted guidelines 

fo’r the ca’re and use of labo’rato’ry animals. 

3.5 Experimental Design 
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Following acclimatization, the thi’rty-five (35) ‘rats we’re ‘randomly dist’ributed into seven 

(7) g’roups of five (5) animals each (Singh & Singh, 2021), as desc’ribed in Table 3.1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1: Expe’rimental Design 

Group Treatment 

G’roup 1 (No’rmal Cont’rol) Received distilled wate’r (10 mL/kg) o’rally 

daily fo’r 14 days. 

G’roup 2 (Cyclophosphamide Cont’rol) Received cyclophosphamide (100 mg/kg, 

i.p.) on days 1, 3, and 5 of the study, plus 

distilled wate’r o’rally – induced but 

unt’reated. 

G’roup 3 (Standa’rd D’rug) Received cyclophosphamide as in G’roup 2, 

plus o’ral Levamisole (2.5 mg/kg/day) fo’r 14 

days. 

G’roup 4 (Vehicle Cont’rol) Induced with cyclophosphamide t’reated with 

only the solvent fo’r ext’raction 
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G’roup 5 (cyclophosphamide+ext’ract100 

mg/kg) 

Received cyclophosphamide as in G’roup 2, 

plus o’ral Pennisetum purpureum leaf ext’ract 

daily fo’r 14 days. 

G’roup 6 cyclophosphamide+ext’ract200 

mg/kg) 

Received cyclophosphamide as in G’roup 2, 

plus o’ral Pennisetum purpureum leaf ext’ract  

daily fo’r 14 days. 

G’roup 7 (cyclophosphamide +ext’ract400 

mg/kg) 

Received cyclophosphamide as in G’roup 2, 

plus o’ral Pennisetum purpureum leaf ext’ract 

daily fo’r 14 days. 

 

Table 3.1: Expe’rimental g’rouping and t’reatment of Wista’r albino ‘rats (n = 5 pe’r g’roup). 

Body weights of all animals we’re ‘reco’rded at the beginning and end of the expe’rimental pe’riod. 

 

 

 

 

 

 

 

 

 

3.6 Induction of Immunosuppression 

Immunosupp’ression was induced in G’roups II, III, V, VI and VII by int’rape’ritoneal induction of 

cyclophosphamide at a dose of 100 mg/kg once then we left them fo’r 48hou’rs. 

G’roup I ‘received an equivalent volume of ste’rile no’rmal saline instead of cyclophosphamide. 

This method has been widely adopted fo’r p’roducing ‘rep’roducible immunosupp’ression and 

oxidative tissue inju’ry in expe’rimental animal models. 

3.7 Collection of Blood and Tissue Samples 
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The blood samples we’re collected f’rom the ‘rat models th’rough ocula’r punctu’re technique afte’r 

the end of expe’rimental study. Blood samples we’re allowed to clot fo’r 30 minutes at ‘room 

tempe’ratu’re and then cent’rifuged at 4000’rpm fo’r 20 minutes. Se’rum was collected ca’refully 

using mic’ropipette and sto’red at -20°C fo’r futu’re use. 

Post blood sampling, the animals we’re killed via ce’rvical dislocation method. Live’r and kidney 

specimens we’re ‘removed, and washed with ice-cold no’rmal saline solution to wash off the blood 

t’races and we’re blotted d’ry on filte’r pape’r. 

Live’r tissue specimens we’re homogenized using phosphate buffe’r (0.1 M, pH 7.4) whe’reas the 

pa’rts of live’r and kidneys we’re fixed in 10% neut’ral buffe’red fo’rmalin. 

3.8 Qualitative Phytochemical Screening 

Phytochemical sc’reening of ethanol leaf ext’ract of Pennisetum purpureum was done 

qualitatively by the standa’rd method acco’rding to Ha’rbo’rne (1998) and T’rease & Evans (2009). 

Phytochemical sc’reening fo’r the p’resence of alkaloids, flavonoids, tannins, saponins, te’rpenoids, 

ste’roids, ca’rdiac glycosides, phenols and anth’raquinones was ca’r’ried out 

3.8.1 Test for Alkaloids 

Principle 

Alkaloids fo’rm p’recipitates when they come into contact with ce’rtain alkaloid ‘reagents like 

D’ragendo’rff’s and Maye’r’s ‘reagents. 

procedure 

About 2 mL of the ext’racted solution was acidified using dilute hyd’rochlo’ric acid and filte’red. 

D’rops of D’ragendo’rff’s ‘reagent we’re added to one sample while d’rops of Maye’r’s ‘reagent we’re 

added to anothe’r sample. Appea’rance of o’range-b’rown o’r c’reamy p’recipitates indicated the 

p’resence of alkaloids. 
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3.8.2 Test for Flavonoids 

Principle 

Flavonoids ‘reduce metallic magnesium in acidic medium, p’roducing colou’red flavonoid 

complexes. 

Procedure 

Two millilit’res of the ext’ract we’re mixed with a few f’ragments of magnesium ‘ribbon followed by 

concent’rated hyd’rochlo’ric acid. Development of a pink, o’range o’r ‘red colou’r indicated the 

p’resence of flavonoids. 

3.8.3 Test for Saponins 

Principle 

Saponins possess su’rface-active p’rope’rties that p’roduce stable f’rothing in aqueous solution. 

Procedure 

Two millilit’res of the ext’ract we’re vigo’rously shaken with distilled wate’r fo’r about five minutes. 

Pe’rsistent f’rothing that ‘remained fo’r at least fifteen minutes indicated the p’resence of saponins. 

3.8.4 Test for Tannins 

Principle 

Fe’r’ric chlo’ride ‘reacts with tannins to p’roduce colou’red complexes. 

Procedure 

A few d’rops of 5% fe’r’ric chlo’ride solution we’re added to the ext’ract. Fo’rmation of a blue-black 

o’r g’reenish-black colou’r indicated the p’resence of tannins. 

3.8.5 Test for Phenols 

Principle 

Phenolic compounds ‘react with fe’r’ric chlo’ride to p’roduce bluish-g’reen colou’red complexes. 
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Procedure 

The ext’ract was t’reated with fe’r’ric chlo’ride solution. Development of a deep blue o’r g’reen 

colo’ration confi’rmed the p’resence of phenolic compounds. 

3.8.6 Test for Terpenoids 

Principle 

Te’rpenoids unde’rgo condensation with concent’rated sulphu’ric acid to p’roduce ‘reddish-b’rown 

colo’ration. 

Procedure 

The ext’ract was mixed with chlo’rofo’rm followed by ca’reful addition of concent’rated sulphu’ric 

acid along the side of the test tube. Fo’rmation of a ‘reddish-b’rown inte’rface indicated the p’resence 

of te’rpenoids. 

 

 

 

3.8.7 Test for Steroids 

Principle 

Ste’roidal compounds ‘react with acetic anhyd’ride and concent’rated sulphu’ric acid to p’roduce 

cha’racte’ristic colou’r changes. 

Procedure 

The ext’ract was mixed with acetic anhyd’ride followed by concent’rated sulphu’ric acid. 

Development of a blue-g’reen colou’r confi’rmed the p’resence of ste’roids. 

3.8.8 Test for Cardiac Glycosides (Keller-Killiani Test) 

Principle 
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Ca’rdiac glycosides ‘react with fe’r’ric chlo’ride and concent’rated sulphu’ric acid to p’roduce a 

cha’racte’ristic b’rown ‘ring. 

Procedure 

The ext’ract was t’reated with glacial acetic acid containing fe’r’ric chlo’ride and ca’refully unde’r-

laye’red with concent’rated sulphu’ric acid. Fo’rmation of a b’rown ‘ring at the inte’rface indicated the 

p’resence of ca’rdiac glycosides. 

3.9 Determination of Malondialdehyde (MDA) 

Principle 

The concent’ration of malondialdehyde was dete’rmined using the thioba’rbitu’ric acid ‘reactive 

substances (TBARS) assay. Malondialdehyde ‘reacts with thioba’rbitu’ric acid unde’r acidic and 

high-tempe’ratu’re conditions to p’roduce a pink ch’romogen that abso’rbs maximally at 532 nm. The 

intensity of the colo’r fo’rmed is p’ropo’rtional to the extent of lipid pe’roxidation. 

Procedure 

Two hund’red mic’rolit’res (0.2 mL) of se’rum was mixed with 1.0 mL of t’richlo’roacetic acid 

solution followed by the addition of 1.0 mL thioba’rbitu’ric acid ‘reagent. The mixtu’re was heated 

in a boiling wate’r bath fo’r 15 minutes and allowed to cool to ‘room tempe’ratu’re. The ‘resulting 

solution was cent’rifuged at 3000 ‘rpm fo’r 10 minutes. The abso’rbance of the supe’rnatant was 

measu’red at 532 nm against a ‘reagent blank. MDA concent’ration was calculated using the mola’r 

extinction coefficient of 1.56 × 10⁵ M⁻¹cm⁻¹ and exp’ressed as nmol/mL. 

3.10 Determination of Superoxide Dismutase (SOD) Activity 

Principle 
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The activity of the supe’roxide dismutase enzyme was estimated based on its ability to inhibit 

epineph’rine autoxidation unde’r alkaline conditions. Supe’r oxide dismutase enzyme acts by 

scavenging supe’r oxide ‘radicals and hence ‘reduces the ‘rate of oxidation of epineph’rine. 

Procedure 

Five hund’red mic’rolite’rs (0.5 mL) of ca’rbonate buffe’r solution (0.05M, pH 10.2) along with 0.2 

mL of se’rum sample was combined togethe’r. The ‘reaction was sta’rted by adding 0.3 mL of 

epineph’rine solution. The change in abso’rbance was measu’red at 480 nm fo’r 150 seconds. 

3.11 Determination of Catalase (CAT) Activity 

Principle 

Catalase activity was dete’rmined acco’rding to the method of Aebi (1984). Catalase catalyzes the 

decomposition of hyd’rogen pe’roxide into wate’r and oxygen. The ‘rate of hyd’rogen pe’roxide 

decomposition was monito’red spect’rophotomet’rically at 240 nm. 

 

Procedure 

A ‘reaction mixtu’re containing 1.95 mL phosphate buffe’r (50 mM, pH 7.0), 1.0 mL hyd’rogen 

pe’roxide solution, and 0.05 mL se’rum sample was p’repa’red. The dec’rease in abso’rbance was 

‘reco’rded at 240 nm fo’r one minute using a UV-visible spect’rophotomete’r. Catalase activity was 

exp’ressed as units pe’r millig’ram p’rotein (U/mg p’rotein). 

3.12 Determination of Reduced Glutathione (GSH) 

Principle 

Reduced glutathione was dete’rmined using Ellman’s ‘reagent [5,5’-dithiobis-(2-nit’robenzoic acid), 

DTNB]. Glutathione ‘reacts with DTNB to p’roduce a yellow-colo’red complex, 5-thio-2-

nit’robenzoic acid, which abso’rbs maximally at 412 nm. 
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Procedure 

Five hund’red mic’rolit’res (0.5 mL) of se’rum was mixed with 0.5 mL of 10% t ’richlo’roacetic acid 

and cent’rifuged at 3000 ‘rpm fo’r 10 minutes. Five hund’red mic’rolit’res of the ‘resulting supe’rnatant 

was t’ransfe’r’red into a clean test tube and mixed with 2.0 mL phosphate buffe’r (0.3 M, pH 7.4). 

Subsequently, 0.25 mL of DTNB ‘reagent was added. The mixtu’re was incubated fo’r 10 minutes 

at ‘room tempe’ratu’re and abso’rbance was measu’red at 412 nm. Reduced glutathione concent’ration 

was dete’rmined f’rom a glutathione standa’rd cu’rve and exp’ressed as µmol/L. 

3.13 HISTOLOGICAL TISSUE PROCESSING 

Histological method of p’rocessing tissue: this involve va’rious way of p’repa’ring, cutting, staining, 

and examination slides fo’r histological ‘repo’rt. 

Stages in tissue p’rocessing: 

• Fixation: the tissue was fixed in 10% fo’rmal saline in a containe’r with light fitting lids fo’r 

3 day  to p’revent autolysis; imp’rove staining quality and to aid optical diffe’rentiation of 

cell. 

• Dehyd’ration: The tissue was dehyd’rated to ‘remove wate’r that is not missible with xylene 

and wax using diffe’rent g’rades of alcohol ‘ranging f’rom 50%  ̶ absolute Alcohol fo’r 30mins 

each 

• Clea’ring /Dealcoholization: the dehyd’rated tissue was clea’red by ‘removing the alcohol 

f’rom the tissue by imme’rsing it th’rough 3 changes of xylene fo’r 30mins each. 

• Wax imp’regnation/ infilt’ration: The clea’red tissue was imp’regnated and infilt’rated to 

‘remove the clea’ring agent (xylene) in the hot oven temp of 550c by passing it th’rough th’ree 

changes of molten pa’raffin was in a hot ai’r oven fo’r 30mins.  
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Embedding: The infilt’rated tissue was bu’ried o’r embedded with molten pa’raffin wax in an 

embedded mould and allowed to solidify 

• pa’rafin block of tissue was attached to a wooding block with the aid of a hot spatula held 

in between wood block and pa’raffin wax , the spatula Melts the wax which solidifies when 

spatula was ‘removed. 

• Mic’rotomy: the block of tissues was sectioned using ‘rota’ry mic’rotom, it was t’rimmed to 

obtain the cutting su’rface of the tissue at 15 mic’ron and was sectioned at 5mic’ron,and d’ry 

in hot plate fo’r staining. 

HAEMATOXYLIN/EOSIN (H/E) METHOD OF STAINING 

Procedure: 

• Dewax in xylene fo’r 30mins 

• Remove xylene  by ‘raising in absolute alcohol ,90%, 70% and 50% alcohol fo’r two seconds 

each. 

• Wash in 2 changes of wate’r. 

• Stain in haematoxlyin fo’r 20mins  

• Wash in wate’r  

• Diffe’renciate in 1% acid  

• Blue in tap wate’r, wash in wate’r. 

• Counte’r stain in Eosin fo’r 5mins. 

• Wash in wate’r  

•  D’ry and Clea’r in xylene. 

• Mount in D.P.X and d’ry fo’r mic’rog’raph and inte’rp’retation.    

3.1 4 Statistical Analysis 
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Data obtained f’rom all expe’rimental g’roups we’re exp’ressed as Mean ± Standa’rd E’r’ro’r of Mean 

(SEM). Statistical analysis was pe’rfo’rmed using the Statistical Package fo’r the Social Sciences 

(SPSS) ve’rsion 25.0 (IBM Co’rp., A’rmonk, NY, USA). 

Compa’risons among g’roups we’re ca’r’ried out using one-way Analysis of Va’riance (ANOVA), 

followed by Duncan post hoc multiple compa’rison test to dete’rmine diffe’rences between 

individual g’roups. Values of p < 0.05 we’re conside’red statistically significant. 

 

 

 

 

 

 

 

 

 

CHAPTER FOUR 

RESULTS  

4.1 Yield of extraction  

The pe’rcentage yield was calculated using the ‘relation  

Yield(%) = [Weight of ext’ract (g) / Weight of plant mate’rial (g)] × 100 

Weight of ext’ract(g)= 52g 

Weight of plant mate’rials(g)= 502g  

% ext’ractive yield of c’rude ext’ract= 10.35% 
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4.2 Qualitative Phytochemical Screening of Pennisetum purpureum Leaf Extract 

Phytochemical sc’reening of the ext’ract confi’rmed the p’resence of saponins, alkaloids, 

ca’rbohyd’rates, ca’rdiac glycosides, p’roteins and amino acids, flavonoids, phenolic compounds, 

te’rpenoids, dite’rpenes, quinones, t’rite’rpenoids, and fixed oils, while phlobatannins and ‘resins 

we’re not detected; tannins and phytoste’rols gave inconsistent ‘results ac’ross thei’r ‘respective tests, 

suggesting they we’re eithe’r weakly p’resent o’r absent ‘rathe’r than clea’rly confi’rmed. 

 

 

 

 

 

 

 

 

 

Table 4.1: Qualitative Phytochemical Composition of Methanol C ’rude Ext’ract, n-Hexane, 

Chlo’rofo’rm, Ethyl Acetate and Aqueous Methanol Pa’rtitions of the Leaves of Pennisetum 

purpureum 

S/N Parameter Method Used  (Result) 

1 Saponins F’rothing (Foam) Test ++  

2 Alkaloids Maye’r’s Test +++ 

  Wagne’r’s Test ++  

  D’ragend’roff’s Test ++  

  Iodine Test (Iodo Test) N.D 

3 Ca’rbohyd’rate Molisch’s Test +++ 

4 Ca’rdiac Glycosides Ba’rjet Test ++ 

  Kelle’r–Killani Test ++ 

5 P’rotein & Amino 

Acids 

Millon’s Test ++ 

  Xanthop’rotein Test ++ 

6 Flavonoids Lead Acetate Test +++ 
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  Alkaline Reagent Test ++  

  Conc. H₂SO₄ Test +  

7 Phenolic 

Compounds 

Iodine Test ++  

  Lead Acetate Test ++  

8 Tannins 10% NaOH Test +  

  B’rayme’r’s Test (Fe’r’ric Cl₃) N.D 

9 Phlobatannins HCl Test –  

10 Phytoste’rols Salkowski’s Test N.D 

  Acetic Anhyd’ride Test ++ 

  Hesse’s Response N.D 

11 Te’rpenoids 2mL Chlo’rofo’rm + Conc. H₂SO₄ ++ 

12 Dite’rpenes Coppe’r Acetate Test ++ 

13 Quinones Conc. HCl Test ++  

14 T’rite’rpenoids / 

T’rite’rpenes 

Fit (Salkowski’s) ++ 

15 Coppe’r Acetates 

(Fixed Oils) 

Bland / Spot Test ++  

16 Resins NaOH Test / Tu’rbidity (Acetone) N.D 

 

Key:  +++ = p’resent in  highly conc,  ++ = P’resent in mode’rate conc, + = P’resent in low con,  

N.D = Not detected  

 

 

 

 

Table 4.2: Effects of the Ext’ract on Se’rum MDA of the Immunosupp’ressed Rats 

Group MDA (nmol/mL) 

G’roup 1: No’rmal Cont’rol 2.00±0.26a 

G’roup 2: Negative Cont’rol (Induced, 

Unt’reated) 

6.80±0.20b 

G’roup 3: Positive Cont’rol (Levamisole 2.5 

mg/kg) 

2.36±0.30a 

G’roup 4: Vehicle Cont’rol (Diluted tween 80) 6.76±0.32b 

G’roup 5 (100 mg/kg) 5.20±0.26c 
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G’roup 6 (200 mg/kg) 3.73±0.20d 

G’roup 7 (400 mg/kg) 2.36±0.15a 

 

Values are presented as Mean ± SD (n = 5). Values with different superscript letters within a 

column are significantly different (p < 0.05; Duncan post hoc test). 

The ‘result showed that t’reatment with the ext’ract led to a dose dependent significant (p < 0.05) 

dec’rease in MDA 

 

 

 

 

 

 

 

 

 

 

 

4.3 Effects of Pennisetum purpureum Leaf Extract on Serum Oxidative Stress Markers in 

Cyclophosphamide-Induced Immunosuppressed Rats 

Table 4.3: Effects of the Ext’ract on Se’rum MDA, CAT, SOD, and GSH of the Immunosupp’ressed 

Rats 

Group CAT (U/mg ) SOD (U/mg ) GSH (µmol/mg ) 

G’roup 1: No’rmal 

Cont’rol 

67.33±2.51a 15.80±0.60a 8.46±0.25a 

G’roup 2: Negative 

Cont’rol (Induced, 

Unt’reated) 

27.33±2.51b 6.50±0.30b 2.73±0.25b 
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G’roup 3: Positive 

Cont’rol (Levamisole 

2.5 mg/kg) 

65.00±3.00a 14.96±0.70a 8.10±0.40a 

G’roup 4: Vehicle 

Cont’rol (Diluted 

tween 80) 

26.00±2.00b 5.33±0.41b 2.16±0.20b 

G’roup 5 (100 mg/kg) 44.00±7.93c 8.76±0.30c 4.46±0.30c 

G’roup 6 (200 mg/kg) 51.00±2.64d 11.83±0.35d 6.40±0.36d 

G’roup 7 (400 mg/kg) 63.66±4.04a 14.23±0.37a 8.76±0.35a 

 

Values are presented as Mean ± SD (n = 5). Values with different superscript letters within a 

column are significantly different (p < 0.05; Duncan post hoc test). 

A dose dependent significant (p < 0.05) inc’rease in CAT, SOD and GSH compa’red to the 

unt’reated g’roup. 
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4.4Spleen result  

 

Group 1 (CONTROL) 
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PHOTOMICROGRAPH OF THE SPLEEN SHOWING A LYMPHOID NODULE (N) 

AND SPLEENIC CORDS (S). PARENCYMA APPEARS NORMAL. 

H & E. X300 

 

 

Group 2  

PHOTOMICROGRAPH OF THE SPLEEN SHOWING RED PULP (R) AND THE WHITE 

PULP (W) AREAS. GENERAL PARENCHYMA SHOWS FOCAL NECROTIC 

TISSUE(ARROW) .  

H & E. X300 
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Group 3 

PHOTOMICROGRAPH OF THE SPLEEN SHOWING RED PULP (R) AND THE WHITE 

PULP (W) AREAS. GENERAL PARENCHYMA APPEARS NORMAL.  

H & E. X300 
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Group 4 

PHOTOMICROGRAPH OF THE SPLEEN SHOWING RED PULP (R) AND THE WHITE 

PULP (W) AREAS. GENERAL PARENCHYMA APPEARS NORMAL.  

H & E. X300 
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Group 5 

PHOTOMICROGRAPH OF THE SPLEEN WITH LYMPHOID NODULES (L) AND RED 

PULP (R). TISSUE SHOWS SEGMANTED TISSUE FIBROSIS (ARROW).  

H & E.X300 

 

 

 

 



57 

 

 

Group 6 

PHOTOMICROGRAPH OF THE SPLEEN SHOWING LYMPHOID NOODLES (L) AND 

THE RED PULP (R). TISSUE APPEARS NORMAL 

H & E. X300 
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Group 7 

PHOTOMICROGRAPH OF THE SPLEEN WITH LYMPHATIC CENTER (L) AND RED 

PULP (R). TISSUE SHOWS GENERAL MILD TISSUE PSEUDOROSETTES 

FORMATION.  

H & E. X300 
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CHAPTER FIVE 

DISCUSSION 

To dete’rmine the bioactive components of the ethanol ext’ract of Pennisetum purpureum leaves, a 

phytochemical sc’reening was conducted as most of the medicinal and biological activities of plants 

can be att’ributed to phytochemicals. Qualitative analysis showed the p ’resence of alkaloids, 

flavonoids, phenolic compounds, tannins, te’rpenoids, dite’rpenes, t’rite’rpenes, quinones, saponins, 

ca’rbohyd’rates, ca’rdiac glycosides and p’roteins/amino acids, but phlobatannins we’re absent. 

Phenolic compounds and tannins we’re found in high concent’ration in the ethyl acetate f’raction 

while the othe’r phytochemicals we’re in mode’rate concent’rations. The antioxidant, anti-

inflammato’ry and immunomodulato’ry potential of Pennisetum purpureum is evident because of 

these phytochemicals. Flavonoids and phenolic compounds a’re known to be st’rong f’ree-’radical 

scavenge’rs that act to neut’ralize ‘reactive oxygen species (ROS), which in tu’rn help to p’revent the 

fo’rmation of oxidative damage to the cellula’r lipids, p’roteins and DNA. Tannins a’re also ‘repo’rted 

to have chelating and anti-lipid pe’roxidation effects; te’rpenoids and saponins a’re ‘repo’rted to have 

effects that stabilize cell memb’ranes and modulate immune ‘responses. The phytochemicals may 

wo’rk togethe’r in a syne’rgical way ‘resulting in an imp’roved biological activity of the ext’ract. The 

biochemical mechanisms behind these p’rotective effects a’re that the hyd’roxyl g’roup(s) of the 

phenol a’re capable of donating a hyd’rogen atom o’r elect’ron to unstable f’ree ‘radicals, which can 

stop oxidative chain ‘reactions. Flavonoids a’re also ‘repo’rted to induce endogenous antioxidant 

defence pathways, such as the N’rf2 signalling pathway, ‘resulting in the inc’reased exp’ression of 

antioxidant enzymes such as supe’roxide dismutase, catalase and glutathione ‘related enzymes. 

These mechanisms enable to ‘re-establish ‘redox homeostasis and to minimize oxidative damage 

caused by cyclophosphamide. The ‘results of the p’resent study ‘reveal that Pennisetum purpureum 
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a’re ‘rich in flavonoids, phenolics, tannins and te’rpenoids, which a’re ‘responsible fo’r thei’r 

pha’rmacological p’rope’rties and that plants ‘rich in phenolics have st’rong antioxidant and 

immunomodulato’ry effects. But, some ‘resea’rche’rs have ‘repo’rted the p’resence of diffe’rences in 

the phytochemical p’rofile of Pennisetum pu’rpu’reum, whe’re the p’ropo’rtion of some of those 

phytochemicals we’re found to be low o’r enti’rely missing. The va’riations could be due to 

geog’raphical location, climatic facto’rs, soil type, plant matu’rity, ha’rvesting season, ext’raction 

solvents, analytical techniques. Phytochemicals a’re synthesized by plants in ‘response to 

envi’ronmental and genetic influences; this means that the ‘results of diffe’rent studies will va’ry. 

Malondialdehyde (MDA) is a well accepted ma’rke’r of lipid pe’roxidation and oxidative st’ress. A 

‘rise in MDA level would be a good indicato’r of g’reate’r lipid damage caused by f’ree ‘radicals, thus 

‘reflecting the seve’rity of the oxidative inju’ry in tissues. Cyclophosphamide administ ’ration 

‘resulted in a significant (p< 0.05) elevation of MDA levels in the p’resent study, as compa’red with 

no’rmal cont’rol suggesting a high oxidative st’ress. T’reatment with ethanol  leaf ext’ract of 

Pennisetum pu’rpu’reum, howeve’r, significantly (p<0.05) ‘reduced the levels of MDA in a dose 

dependent manne’r. The high dose g’roup (200 mg/kg) ‘reve’rsed the MDA levels to nea’r no’rmal 

levels while vehicle cont’rol did not have any significant imp’rovement. 

The ‘results indicated that Pennisetum purpureum showed inhibito’ry effect on lipid pe’roxidation 

and p’revented the lipid pe’roxidation of cellula’r memb’rane following t’reatment with the ext’ract. 

These ‘results suggest that the ext’ract has a st’rong antioxidant activity and is able to scavenge f’rom 

the metabolism of cyclophosphamide p’roduced ROS. The dose-dependent ‘response also indicates 

that the p’rotects against oxidative inju’ry was inc’reased with the inc’rease of the ext’ract’s 

concent’ration. The biochemical mechanism that is obse’rved in this case could be due to the 

p’resence of phytochemicals in the ext’ract such as flavonoids, phenolic compounds and tannins. 
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Cyclophosphamide is metabolized to p’roduce a highly ‘reactive metabolite, ac’rolein, which is 

associated with inc’reased p’roduction of ROS. These Reactive Species attack the polyunsatu ’rated 

fatty acids in cell memb’ranes, t’rigge’ring lipid pe’roxidation and ‘raising levels of MDA. The 

antioxidant phytochemicals in Pennisetum purpureum can donate hyd’rogen atoms o’r elect’rons to 

neut’ralize f’ree ‘radicals, stop lipid pe’roxidation chain ‘reactions and maintain the stability of 

memb’ranes, which in tu’rn helps to dec’rease the p’roduction of MDA. The p’resent finding 

co’r’robo’rates the ‘repo’rt by Singh and Singh (2021) which showed that the ext’racts of the medicinal 

plants we’re effective in ‘reducing the level of MDA in the cyclophosphamide induced oxidative 

st’ress models by vi’rtue of thei’r antioxidant phytochemicals. Likewise, Ajiboye et al. (2021) 

‘repo’rted that the phenolic and flavonoid ‘rich plant ext’racts we’re effective in inhibiting lipid 

pe’roxidation and p’rotecting the tissues f’rom oxidative damage. Seve’ral studies have howeve’r 

‘repo’rted ve’ry slight and non-significant dec’rease in MDA afte’r t’reatment with some plant 

ext’racts. The disc’repancies can be att’ributed to the diffe’rent species of plants, diffe’rent ext’raction 

techniques, dosage, t’reatment du’ration, expe’rimental models and/o’r the diffe’rence in 

phytochemicals. The pe’rcentage of bioactive compounds and thus the antioxidant activity of the 

plant ext’ract may also va’ry acco’rding to the envi’ronmental conditions and geog’raphical location 

of the plant. The conside’rable dec’rease in MDA shows that the ext’ract possessed an inhibito’ry 

effect against lipid pe’roxidation and that it could help to p’revent and ‘repai’r the oxidative damage 

to cell memb’ranes caused by cyclophosphamide. This indicates that the Pennisetum purpureum 

has st’rong antioxidant effect which can maintain the integ’rity of memb’ranes. 

Catalase (CAT) is one of the majo’r antioxidant enzymes, which play p’rotective ‘role against 

oxidative st’ress by catalyzing hyd’rogen pe’roxide into wate’r and oxygen. Hyd’rogen pe’roxide is a 

highly ‘reactive oxygen specie, which if not p’romptly ‘removed, can give ‘rise to ve’ry ha’rmful 
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hyd’roxyl ‘radicals. Thus, catalase activity is an impo’rtant pa’ramete’r ‘reflecting the antioxidant 

activity of the body defense capacity. Cyclophosphamide t’reatment significantly (p < 0.05) 

dec’reased the catalase activity compa’red to the no’rmal cont’rol suggesting that the endogenous 

antioxidant defence system was impai’red. But t’reatment with ethanol  leaf ext’ract of Pennisetum 

purpureum affo’rded significant (p < 0.05) dose dependent inc’rease in catalase activity. The vehicle 

cont’rol did not show any significant imp’rovement, while the high dose g’roup (200 mg/kg) showed 

the activity level of catalase activity to match the no ’rmal cont’rol level. The inc’reased catalase 

activity afte’r administ’ration of the ext’ract indicates an inc’rease in the antioxidant activity of 

Pennisetum purpureum and the p’revention of oxidative damage to tissues. Catalase activity 

‘resto’ration means that the detoxification of catalase hyd’rogen pe’roxide was imp’roved, and the 

hyd’rogen pe’roxide caused oxidative damage was ‘reduced. The dose dependent ‘response fu’rthe’r 

indicates that the amount of p’rotection that the ext’ract gave inc’reased as the dose of the ext’ract 

was inc’reased. This effect is p’robably due to antioxidant phytochemicals found in the ext’ract such 

as flavonoids, phenolic compounds and te’rpenoids. Metabolism of cyclophosphamide also 

p’roduces too many ‘reactive oxygen species, such as hyd’rogen pe’roxide, in the body which may 

ove’rwhelm the endogenous antioxidant enzymes and lowe’r catalase activity. In Pennisetum 

pu’rpu’reum, the phytochemicals a’re known to ‘remove active oxygen species and t’rigge’r anti-

oxidant pathways including the N’rf2 pathway which in tu’rn ‘results in the inc’reased exp’ression 

and activity of catalase. This ensu’res mo’re efficient b’reakdown of hyd’rogen pe’roxide into 

ha’rmless wate’r and oxygen that helps maintain the ‘redox balance of the cell. The ‘results of this 

study co’r’robo’rate the wo’rk of Ajiboye et al. (2021) which indicated that the antioxidant medicinal 

plants significantly elevated CAT activity in the expe’rimental models of oxidative st’ress. In the 

same way, Choudha’ry et al., (2022) ‘repo’rted that plant ext’racts containing flavonoids and phenolic 
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compounds ‘recove’red the catalase activity in the immunosupp ’ressed animals induced by 

cyclophosphamide, which enhanced the endogenous antioxidants. But some ‘resea’rche’rs ‘repo’rted 

that the t’reatment with some plant ext’racts did not show any imp’rovement in catalase activity. The 

conflicting ‘results could be due to the va’riability in phytochemical composition, ext’raction 

solvents, dosage, du’ration of t’reatment, expe’rimental conditions o’r seve’rity of the deg’ree of 

oxidative damage caused. The nut’rients in the envi’ronment also can have an impact on plant 

g’rowth, which can, in tu’rn, affect the concent’ration of antioxidant compounds. The cu’r’rent study 

‘reveals a ‘rema’rkable ‘recove’ry of catalase activity, showing that Pennisetum purpureum has a 

potent ‘role to ‘reinfo’rce the enzymatic antioxidant defense system against cyclophosphamide-

induced oxidative st’ress. This discove’ry adds to the known the’rapeutic p’rope’rties of the plant in 

p’reventing oxidative damage and maintaining no’rmal cell functions. 

One of the main enzymatic antioxidants that help to p’revent cells f’rom oxidative st’ress is 

supe’roxide dismutase (SOD), which catalyzes the conve’rsion of supe’roxide ‘radicals to hyd’rogen 

pe’roxide and oxygen. This enzyme is the fi’rst line of defense against ‘reactive oxygen species and 

is an impo’rtant ‘regulato’r of cellula’r ‘redox homeostasis. Howeve’r, the antioxidant defense system 

was found to be seve’rely impai’red due to cyclophosphamide administ’ration in the p’resent study 

as evidenced f’rom ‘reduction of SOD activity when compa’red with no’rmal cont’rol (p < 0.05). But, 

the ethanol  leaf ext’ract of Pennisetum purpureum significantly (p < 0.05) enhanced the activity 

of SOD in a dose dependent manne’r. When compa’red with the no’rmal cont’rol, the high dosage 

g’roup (200 mg/kg) ‘resto’red the SOD activity to a no’rmal level, while the vehicle cont’rol g’roup 

did not diffe’r significantly f’rom the unt’reated g’roup. The ‘results showed that the endogenous 

antioxidants defense mechanism was significantly enhanced by Pennisetum purpureum t’reatment 

which is evident f’rom the inc’rease in SOD activity afte’r t’reatment. Imp’rovement in the body’s 
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capability to ‘remove supe’roxide ‘radicals p’roduced du’ring the metabolism of cyclophosphamide 

suggested that the ext’ract ‘reduced oxidative st’ress by enhancing the SOD activity. The dose 

dependent imp’rovement fu’rthe’r suggests that the highe’r the dose the mo’re antioxidant p’rotection 

the ext’ract could offe’r. This effect could be due to the antioxidant phytochemicals found in the 

ext’ract, such as flavonoids, phenolic compounds and te’rpenoids. Cyclophosphamide metabolism 

causes high levels of supe’roxide ‘radicals, leading to a depletion of the levels of antioxidant 

enzymes p’resent in the body, the’reby lowe’ring the activity of SOD. These phytochemicals in 

Pennisetum purpureum di’rectly scavenge these f’ree ‘radicals and p’romote antioxidant defense 

pathways, which includes the N’rf2 signaling pathway, leading to an imp’roved synthesis and 

activity of SOD. The elevated levels of SOD activity ‘result in the ‘rapid conve’rsion of supe’roxide 

‘radicals to hyd’rogen pe’roxide, which is eliminated by the action of catalase and glutathione 

pe’roxidase and limits the extent of oxidative damage. The ‘results obtained in this study 

co’r’robo’rate with those of Ajiboye et al. (2021) who found that the SOD activity was significantly 

‘resto’red in the animals t’reated with oxidative st’ress by ext’racts of these medicinal plants ‘rich in 

flavonoids. In the same way, Singh and Singh (2021) found that plant ext ’racts containing 

antioxidants significantly inc’reased SOD activity and p’revented cyclophosphamide-induced 

oxidative damage by inc’reasing the f’ree ‘radical-scavenging p’rope’rties of the tissues. But a few 

studies have found no changes in the activity of SOD o’r a dec’rease in the activity of the enzyme 

afte’r t’reatment with some medicinal plant ext’racts. These va’riations can be att’ributed to the 

diffe’rences in the ext’raction methods, phytochemical composition, plant species, dosage, 

t’reatment du’ration, and expe’rimental design. Such va’riations could also be due to envi’ronmental 

facto’rs influencing plant g’rowth and the intensity of oxidative st’ress caused. The non-enzymatic 

antioxidants in cells a’re among the most impo’rtant: ‘reduced glutathione (GSH). It acts as a di’rect 
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scavenge’r of ‘reactive oxygen species (ROS), detoxifies ha’rmful metabolites to help maintain the 

cellula’r ‘redox balance and p’rotects tissues f’rom oxidative st’ress. GSH is also the subst’rate fo’r 

glutathione pe’roxidase to ‘reduce hyd’rogen pe’roxide and lipid hyd’rope’roxides. In the p’resent 

study it was found that GSH level was significantly (p<0.05) dec’reased in t’reated g’roup 

(cyclophosphamide) as compa’red to no’rmal cont’rol g’roup, suggesting the depletion of the 

int’racellula’r antioxidant ‘rese’rves by the excessive amount of oxidative st’ress. The t’reatment with 

ethanol leaf ext’ract of Pennisetum pu’rpu’reum, howeve’r, showed a significant (p < 0.05) dose 

dependent inc’rease in the levels of GSH. When the animals ‘received the high dose (200 mg/kg), 

GSH levels ‘retu’rned to a level simila’r to no’rmal cont’rol, but ‘remained essentially unchanged in 

the vehicle cont’rol g’roup when compa’red with the unt’reated g’roup. Highe’r levels of GSH 

obse’rved afte’r t’reatment suggests that Pennisetum purpureum was able to ‘resto’re the endogenous 

antioxidant defense mechanism and inc’rease the antioxidant capacity of cells in o’rde’r to neut’ralize 

the ROS. Inc’reased levels of GSH in the cells indicate that the ext ’ract exhibited an antioxidant 

effect and p’revented the oxidative damage of cells caused by cyclophosphamide. The dose-

dependent ‘response also indicates the antioxidant p’rotection inc’reased with the inc’reasing doses. 

The biochemical mechanism of this effect might be explained by the p ’resence of flavonoids, 

phenolic compounds and te’rpenoids in the ext’ract. Cyclophosphamide is metabolized to ac’rolein, 

a highly ‘reactive metabolite which ‘rapidly consumes int’racellula’r glutathione to fo’rm conjugates 

with GSH and gene’rates excessive amounts of ‘reactive oxygen species. This depletion leads to 

‘reduced antioxidant p’rotection of the cell and to susceptibility to lipid pe ’roxidation and cellula’r 

damage. The antioxidant phytochemicals in Pennisetum purpureum detoxify f’ree ‘radicals, 

conse’rve the glutathione (GSH) ‘resou’rces and may p’romote the p’roduction of glutathione (GSH) 

by activating N’rf2, an antioxidant pathway. Thus, the int ’racellula’r GSH level is ‘replenished, 
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which enhances the detoxification of ROS and helps to maintain the ‘redox homeostasis in the cell. 

The ‘results of this study ag’ree with Ajiboye et al. (2021) which ‘repo’rted that the medicinal plant 

ext’racts with phenolic contents had a significant effect on glutathione ‘resto’ration in expe’rimental 

models of oxidative st’ress to a g’reat extent. In the same way, Choudha’ry et al. (2022) showed that 

antioxidant-’rich plant ext’racts imp’roved the glutathione status and helped to p’revent the oxidative 

damage to tissues caused by cyclophosphamide by st ’rengthening the endogenous antioxidant 

defense system. But, a few studies have found that the’re was a slight o’r insignificant inc’rease of 

GSH afte’r t’reatment with the ext’racts of some plants. Such conflicting ‘results could be due to the 

va’riation in the phytochemical composition, ext’raction p’rocedu’re, dosage, t’reatment pe’riod, 

expe’rimental models and/o’r the seve’rity of the induced oxidative st’ress. These diffe’rences might 

also be due to envi’ronmental facto’rs that influence the bioactive contents of medicinal plants. The 

gene’ral histoa’rchitectu’ral assessment of the spleen ‘revealed that G’roups 3, 4, and 6 exhibited 

no’rmal splenic a’rchitectu’re compa’rable to the cont’rol g’roup, indicating p’rese’rvation of tissue 

integ’rity. G’roup 2 showed focal nec’rosis (localized tissue death ‘resulting f’rom cellula’r inju’ry), 

while G’roup 5 exhibited tissue fib’rosis (fo’rmation of fib’rous o’r sca’r tissue following tissue 

damage and ‘repai’r). G’roup 7 demonst’rated mild pseudo’rosette fo’rmation (an abno’rmal 

a’r’rangement of cells a’round a cent’ral st’ructu’re, indicating mild tissue alte’ration). Ove’rall, the 

findings suggest that the t’reatment p’romoted ‘resto’ration of no’rmal splenic a’rchitectu’re in most 

g’roups, although mild pathological changes pe’rsisted in some g’roups. 

5.2 Conclusion 

The ‘results f’rom this study have shown that the ethanol leaf ext’ract of Pennisetum purpureum has 

g’reat potential as an antioxidant against oxidative st’ress induced by cyclophosphamide in the 

Wista’r ‘rats. Qualitative phytochemical analysis has shown that the ethanol ext’ract contains va’rious 
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types of bioactive compounds, such as flavonoids, phenols, alkaloids, tannins, te ’rpenoids, 

saponins and ca’rdiac glycosides. These bioactive components a’re known to have antioxidant and 

immunop’rotective activity. The ‘results of the expe’riment have indicated a statistically significant 

‘reduction in malondialdehyde (MDA) levels and a significant inc’rease in the level of catalase 

(CAT), supe’roxide dismutase (SOD) and ‘reduced glutathione (GSH). With high-dose t’reatment, 

the’re was a ‘resto’ration of the antioxidant pa’ramete’rs at the same level as in the no’rmal cont’rol 

g’roup. 

5.3 Recommendations 

F’rom the ‘results of this study, the following ‘recommendations a’re put fo’rwa’rd: 

1. Fu’rthe’r ‘resea’rch should focus on isolating and cha’racte’rizing the specific bioactive components 

that cause the antioxidant p’rope’rty of Pennisetum pu’rpu’reum. 

2. Molecula’r ‘resea’rch should be done to unde’rstand the signal t’ransduction pathways fo’r its 

antioxidant and immunomodulato’ry p’rope’rties. 

3. Studies on ch’ronic toxicity and safety p’rofiles should be pe’rfo’rmed to dete’rmine its long-te’rm 

safety p’rofile. 

4. Additional pha’rmacological studies should examine the effect of the ext ’ract on othe’r ma’rke’rs 

of oxidative st’ress and inflammation. 

5. Clinical t’rials should be pe’rfo’rmed to asce’rtain its effectiveness and safety in humans. 

 

 

 

 

 



68 

 

 

 

 

 

 

 

 

REFERENCES 

Abubaka’r, A. R., Haque, M., and  Okonkwo, C. C. (2021). Ethnopha’rmacological su’rvey of 

medicinal plants used in the t’reatment of infectious diseases in no’rtheaste’rn Nige’ria. 

Journal of Ethnopharmacology, 270, 113781. https://doi.o’rg/10.1016/j.jep.2021.113781 

Adesanya, T. I., Adeyemi, O. S., and  Olamide, O. E. (2022). Antioxidant p’rope’rties and phenolic 

p’rofile of Pennisetum purpureum leaf ext’racts: In vit’ro assessment and GC-MS 

cha’racte’rization. Journal of Medicinal Plants Research, 16(4), 72–83. 

https://doi.o’rg/10.5897/JMPR2022.7142 

Adesanya, T. I., Adeyemi, O. S., and  Olamide, O. E. (2022). Antioxidant p’rope’rties and phenolic 

p’rofile of Pennisetum purpureum leaf ext’racts: In vit’ro assessment and GC-MS 

cha’racte’rization. Journal of Medicinal Plants Research, 16(4), 72–83. https://doi.o’rg/10. 

5897/JMPR2022.7142 

Aebi, H. (1984). Catalase in vitro. Methods in Enzymology, 105, 121–126. https://doi.o’rg/10. 

1016/S0076-6879(84)05016-3 

Aebi, Hugo (1984). Catalase in vit’ro. Methods in Enzymology, 105, 121–126.                                                                                  

https://doi.o’rg/10.1016/S0076-6879(84)05016-3 

Ajiboye, B. O., Ojo, O. A., and  Yakubu, M. T. (2021). Antioxidant and anti-inflammato’ry 

activities of medicinal plants: Mechanisms and the’rapeutic ‘relevance. Heliyon, 7(3), 

e06483. 

Ajiboye, B. O., Ojo, O. A., and Yakubu, M. T. (2021). Antioxidant and anti-inflammato’ry 

activities of medicinal plants: Mechanisms and the’rapeutic ‘relevance. Heliyon, 7(3), 

e06483. 

Akinseye, O. M., Adewale, O. O., and  Ogundele, O. M. (2024). Vernonia amygdalina ethanol 

ext’ract attenuates cyclophosphamide-induced hepatotoxicity th’rough N’rf2/HO-1 pathway 

https://doi.org/10
https://doi.org/10.%201016/S0076-6879(84)05016-3
https://doi.org/10.%201016/S0076-6879(84)05016-3


69 

 

activation in Wista’r ‘rats. Phytomedicine Plus, 6(2), 100521. https://doi.o’rg/10. 

1016/j.phyplu.2024.100521 

Akinseye, O. M., Adewale, O. O., and  Ogundele, O. M. (2024). Vernonia amygdalina ethanol 

ext’ract attenuates cyclophosphamide-induced hepatotoxicity th’rough N’rf2/HO-1 pathway 

activation in Wista’r ‘rats. Phytomedicine Plus, 6(2), 100521. 

https://doi.o’rg/10.1016/j.phyplu.2024.100521 

Anand, U., Jacobo-He’r’re’ra, N., Altemimi, A., and  Lakhssassi, N. (2023). A comp ’rehensive 

‘review on medicinal plants as immunomodulato’rs. Biomedicine & Pharmacotherapy, 161, 

114511. 

Anand, U., Jacobo-He’r’re’ra, N., Altemimi, A., and Lakhssassi, N. (2023). A comp’rehensive 

‘review on medicinal plants as immunomodulato’rs. Biomedicine & Pharmacotherapy, 161, 

114511. 

Atanasov, A. G., Zotchev, S. B., Di’rsch, V. M., and  Supu’ran, C. T. (2021). Natu’ral p’roducts in 

d’rug discove’ry: advances and oppo’rtunities. Nature Reviews Drug Discovery, 20(3), 200–

216. https://doi.o’rg/10.1038/s41573-020-00114-z 

Balogun, E. A., Afolabi, S. O., and  Omoboyede, V. (2023). Immunomodulato ’ry and antioxidant 

effects of Morinda lucida aqueous leaf ext’ract on cyclophosphamide-induced 

immunosupp’ression in Wista’r ‘rats. Biomedicine & Pharmacotherapy, 158, 114142. 

https://doi.o’rg/10.1016/j.biopha.2022.114142 

Balogun, E. A., Afolabi, S. O., and  Omoboyede, V. (2023). Immunomodulato ’ry and antioxidant 

effects of Morinda lucida aqueous leaf ext’ract on cyclophosphamide-induced 

immunosupp’ression in Wista’r ‘rats. Biomedicine & Pharmacotherapy, 158, 114142. 

https://doi.o’rg/10.1016/j.biopha.2022.114142 

Banc’roft, John D., and  Gamble, Ma’rilyn. (2019). Bancroft’s theory and practice of histological 

techniques (8th ed.). Elsevie’r. 

Beutle’r, E’rnest, Du’ron, O., and  Kelly, B. M. (1963). Imp ’roved method fo’r the dete’rmination of 

blood glutathione. Journal of Laboratory and Clinical Medicine, 61(5), 882–888. 

Bhatt, D. K., Bhatt, J., and T’ripathi, B. K. (2021). Cyclophosphamide-induced multi-o’rgan 

oxidative toxicity: Molecula’r mechanisms and evidence-based natu’ral p’roduct 

inte’rventions. Phytomedicine, 81, 153422. https://doi.o’rg/10.1016/j.phymed.2021.153422 

Chen, Y., Lu, Y., Li, J., Zhou, Y., and  Zhang, W. (2022). Pennisetum purpureum ext’ract inhibits 

co’ronavi’rus and ente’rovi’rus infection in vit’ro. Phytomedicine, 95, 153860. 

https://doi.o’rg/10.1016/j.phymed.2022.153860 

Choudha’ry, M., Kuma’r, V., and  Singh, S. (2022). Immunomodulato’ry potential of plant ext’racts 

in cyclophosphamide-induced immunosupp’ressed animal models. Journal of 

Ethnopharmacology, 289, 115051. 

https://doi.org/10


70 

 

Choudha’ry, Manish, Kuma’r, V., and  Singh, S. (2022). Immunomodulato’ry potential of plant 

ext’racts in cyclophosphamide-induced immunosupp’ressed animal models. Journal of 

Ethnopharmacology, 289, 115051.  

Chukwuemeka, O. F., Nwodo, C. O., and  Eze, P. M. (2023). Phytochemical cha’racte’rization, anti-

inflammato’ry and antioxidant activities of Pennisetum purpureum leaf ext’racts f’rom 

southeaste’rn Nige’ria. African Journal of Pharmacy and Pharmacology, 17(1), 12–24. 

https://doi.o’rg/10.5897/AJPP2023.5508 

Chukwuemeka, O. F., Nwodo, C. O., and  Eze, P. M. (2023). Phytochemical cha’racte’rization, anti-

inflammato’ry and antioxidant activities of Pennisetum purpureum leaf ext’racts f’rom 

southeaste’rn Nige’ria. African Journal of Pharmacy and Pharmacology, 17(1), 12–24. 

https://doi.o’rg/10.5897/AJPP2023.5508 

Cla’rk, B. J., Alabi, O. A., and  Afolabi, O. T. (2023). Cha’racte’rization of natu’ral dyes f’rom 

Pennisetum purpureum (elephant g’rass) leaf deb’ris using FTIR, HPLC, and UV-Visible 

spect’rophotomet’ry. Textile Research Journal, 93(5–6), 1145–1158. https://doi.o’rg/10.1 

177/00405175221112245 

Emadi, A., Jones, R. J., and  B’rodsky, R. A. (2021). Cyclophosphamide and cance’r: Re-examining 

a golden annive’rsa’ry. Pharmacology & Therapeutics, 219, 107698. https://doi.o’rg/10. 

1016/j.pha’rmthe’ra.2020.107698 

Eze, P. M., Chukwuemeka, O. F., and  Obi, E. (2022). Ethnomedicinal su ’rvey of plants used fo’r 

disease management in Abia State, southeaste’rn Nige’ria. Journal of Ethnobiology and 

Ethnomedicine, 18(1), 47. https://doi.o’rg/10.1186/s13002-022-00547-x 

Ga’rcia-Ma’rtinez, I., Lluis, J. M., and  Mo’rales, A. (2025). Cyclophosphamide hepatotoxicity: 

Molecula’r mechanisms, ‘reactive metabolites, and the’rapeutic mitigation st’rategies. 

Pharmacology and Therapeutics, 255, 108601. https://doi.o’rg/10.1016/j.pha’rmthe’ra. 

2024.108601 

Ga’rcia-Ma’rtinez, I., Lluis, J. M., and Mo’rales, A. (2025). Cyclophosphamide hepatotoxicity: 

Molecula’r mechanisms, ‘reactive metabolites, and the’rapeutic mitigation st’rategies. 

Pha’rmacology and The’rapeutics, 255, 108601. https://doi.o’rg/10.1016/j.pha’rmthe’ra 

.2024.108601 

Halliwell, B. (2021). Unde’rstanding mechanisms of antioxidant action in health and disease. 

Natu’re Reviews Molecula’r Cell Biology, 24(1), 13–33. https://doi.o’rg/10.1038/s41580-

022-00545-3 

Halliwell, B. (2021). Unde’rstanding mechanisms of antioxidant action in health and disease. 

Nature Reviews Molecular Cell Biology, 24(1), 13–33. https://doi.o’rg/10.1038/s41580-

022-00545-3 

Ha’rbo’rne, J. B. (1998). Phytochemical methods: A guide to modern techniques of plant analysis 

(3’rd ed.). Chapman & Hall.   

https://doi.org/10.1
https://doi.org/10


71 

 

Kuma’r, Sanjay, Pandey, A. K., and  Singh, P. (2022). Role of cytokines in inflammation and 

disease p’rog’ression. Cytokine, 152, 155842. https://doi.o’rg/10.1016/j.cyto.2022.155842 

Meng, X., Li, Y., Gan, R. Y., and  Li, H. B. (2022). Plant polysaccha’rides as immunomodulato’ry 

agents against cyclophosphamide-induced immunosupp’ression: A systematic ‘review. 

Carbohydrate Polymers, 275, 118713. https://doi.o’rg/10.1016/j.ca’rbpol.2021.118713 

Meng, X., Li, Y., Gan, R. Y., and  Li, H. B. (2022). Plant polysaccha’rides as immunomodulato’ry 

agents against cyclophosphamide-induced immunosupp’ression: A systematic ‘review. 

Carbohydrate Polymers, 275, 118713. https://doi.o’rg/10.1016/j.ca’rbpol.2021.118713 

Mis’ra, H. P., and  F’ridovich, I. (1972). The ‘role of supe’roxide anion in the auto-oxidation of 

epineph’rine and a simple assay fo’r supe’roxide dismutase. Journal of Biological Chemistry, 

247(10), 3170–3175. 

Mis’ra, H. P., and F’ridovich, I’rwin. (1972). The ‘role of supe’roxide anion in the auto-oxidation of 

epineph’rine and a simple assay fo’r supe’roxide dismutase. Journal of Biological Chemistry, 

247(10), 3170–3175. 

Moschella, P. C., Rao, V. P., and Pete’rson, K. L. (2022). Cyclophosphamide in the mode’rn 

management of autoimmune and neoplastic diso’rde’rs: clinical pha’rmacology ‘review. 

Drug Safety, 45(2), 129–147. https://doi.o’rg/10.1007/s40264-021-01139-6 

Negawo, A. T., Teshome, A., Jones, C. S., and  Hanson, J. (2022). Genetic dive’rsity and potential 

of napie’r g’rass (Cench’rus pu’rpu’reus) ge’rmplasm fo’r biomass imp’rovement. Frontiers in 

Plant Science, 13, 891538. https://doi.o’rg/10.3389/fpls.2022.891538 

Nwodo, U. U., Ngene, A. A., and  Anaga, A. O. (2021). Phytochemical and pha ’rmacological 

p’rope’rties of Af’rican medicinal plants. Journal of Herbal Medicine, 25, 100420. 

https://doi.o’rg/10.1016/j.he’rmed.2020.100420 

Nwodo, U. U., Ngene, A. A., and Anaga, A. O. (2021). Phytochemical and pha ’rmacological 

p’rope’rties of Af’rican medicinal plants. Journal of Herbal Medicine, 25, 100420. 

https://doi.o’rg/10.1016/j.he’rmed.2020.100420 

Ohkawa, H., Ohishi, N., and  Yagi, K. (1979). Assay fo’r lipid pe’roxides in animal tissues by 

thioba’rbitu’ric acid ‘reaction. Analytical Biochemistry, 95(2), 351–358. 

https://doi.o’rg/10.1016/0003-2697(79)90738-3 

Ohkawa, Hi’roshi, Ohishi, N., and Yagi, K. (1979). Assay fo’r lipid pe’roxides in animal tissues by 

thioba’rbitu’ric acid ‘reaction. Analytical Biochemistry, 95(2), 351–358. 

https://doi.o’rg/10.1016/0003-2697(79)90738-3 

Okafo’r, U. C., Onwusonye, C. I., and  Egbuna, C. (2024). GC-MS cha’racte’rization and 

hepatop’rotective evaluation of Pennisetum purpureum methanol leaf ext ’ract in ca’rbon 

tet’rachlo’ride-induced hepatotoxicity in ‘rats. Journal of Ethnopharmacology, 319(Pa’rt B), 

117265. https://doi.o’rg/10.1016/j.jep.2023.117265 

tel:3170-3175
https://doi.org/10.1016/j.hermed.2020.100420
https://doi.org/10.1016/0003-2697(79)90738-3


72 

 

Okafo’r, U. C., Onwusonye, C. I., and Egbuna, C. (2024). GC-MS cha’racte’rization and 

hepatop’rotective evaluation of Pennisetum purpureum methanol leaf ext ’ract in ca’rbon 

tet’rachlo’ride-induced hepatotoxicity in ‘rats. Journal of Ethnopharmacology, 319(Pa’rt B), 

117265. https://doi.o’rg/10.1016/j.jep.2023.117265 

Olaniyi, K. S., Ola’rewaju, O. S., and  Owoeye, O. (2025). Napoleonaea vogelii attenuates 

cyclophosphamide-induced oxidative hepatic inju’ry and haematological de’rangement in 

Wista’r ‘rats. Phytomedicine Plus, 5(1), 100438. https://doi.o’rg/10.1016/j. 

phyplu.2024.100438 

Olaniyi, K. S., Ola’rewaju, O. S., and  Owoeye, O. (2025). Napoleonaea vogelii attenuates 

cyclophosphamide-induced oxidative hepatic inju’ry and haematological de’rangement in 

Wista’r ‘rats. Phytomedicine Plus, 5(1), 100438. https://doi.o’rg/10.1016/j. 

phyplu.2024.100438 

Pizzino, G., I’r’re’ra, N., Cucinotta, M., Pallio, G., Mannino, F., A’rco’raci, V., Squad’rito, F., 

Altavilla, D., and  Bitto, A. (2023). Oxidative st’ress: Ha’rms and benefits fo’r human health. 

Oxidative Medicine and Cellular Longevity, 2023, 8045718. 

https://doi.o’rg/10.1155/2023/8045718 

Rajput, S. A., and  Singh, D. (2025). Mitigating cyclophosphamide-induced hepato’renal toxicity: 

Cu’r’rent pha’rmacological st’rategies and futu’re pe’rspectives. Toxicology Letters, 392, 21–

36. https://doi.o’rg/10.1016/j.toxlet.2024.09.012 

Rajput, S. A., and  Singh, D. (2025). Mitigating cyclophosphamide-induced hepato’renal toxicity: 

Cu’r’rent pha’rmacological st’rategies and futu’re pe’rspectives. Toxicology Letters, 392, 21–

36. https://doi.o’rg/10.1016/j.toxlet.2024.09.012 

Rot’ruck, J. T., Pope, A. L., Ganthe’r, H. E., Swanson, A. B., Hafeman, D. G., and  Hoekst ’ra, W. 

G. (1973). Selenium: Biochemical ‘role as a component of glutathione pe’roxidase. Science, 

179(4073), 588–590. 

Rot’ruck, John T., Pope, A. L., Ganthe’r, H. E., Swanson, A. B., Hafeman, D. G., and  Hoekst ’ra, 

W. G. (1973). Selenium: Biochemical ‘role as a component of glutathione pe’roxidase. 

Science, 179(4073), 588–590.  

Schiebe’r, M., and  Chandel, N. S. (2021). ROS function in ‘redox signaling and oxidative st’ress. 

Current Biology, 31(10), R504–R518. https://doi.o’rg/10.1016/j.cub.2021.03.017 

Singh, R., and  Singh, B. (2021). Cyclophosphamide-induced immunosupp’ression and p’rotective 

effects of plant ext’racts. Toxicology Reports, 8, 1400–1408. 

Singh, Rajesh, and  Singh, Balwant. (2021). Cyclophosphamide-induced immunosupp’ression and 

p’rotective effects of plant ext’racts. Toxicology Reports, 8, 1400–1408. 

Sofowo’ra, A. (2008). Medicinal plants and traditional medicine in Africa (3’rd ed.). Spect’rum 

Books Limited. 



73 

 

T’rease, G. E., and  Evans, W. C. (2009). Pharmacognosy (16th ed.). Saunde’rs/Elsevie’r. 

T’rease, G. E., and  Evans, W. C. (2009). Trease and Evans Pharmacognosy (16th ed.). Elsevie’r. 

T’rease, G. E., and  Evans, W. C. (2009). Trease and Evans pharmacognosy (16th ed.). Saunde’rs 

Elsevie’r. 

Tungmunnithum, D., Thongboonyou, A., Pholboon, A., and  Yangsabai, A. (2021). Flavonoids 

and othe’r phenolic compounds f’rom medicinal plants fo’r pha’rmaceutical and medical 

aspects: An updated ove’rview. Medicines, 8(5), 24. https://doi.o’rg/10.3390/ 

medicines8050024 

Tungmunnithum, D., Thongboonyou, A., Pholboon, A., and  Yangsabai, A. (2021). Flavonoids 

and othe’r phenolic compounds f’rom medicinal plants fo’r pha’rmaceutical and medical 

aspects: An updated ove’rview. Medicines, 8(5), 24. https://doi.o’rg/10. 

3390/medicines8050024 

Wo’rld Health O’rganization. (2023). WHO global report on traditional and complementary 

medicine 2023. WHO P’ress. 

Zhang, Y., Wang, Q., Chen, J., Ma, L., and  Liu, X. (2023). Ast ’ragalus polysaccha’ride ‘resto’res 

immune function and antioxidant status in cyclophosphamide-t’reated mice th’rough 

N’rf2/HO-1 signaling. International Immunopharmacology, 115, 109681. 

https://doi.o’rg/10.1016/j.intimp.2023.109681 

Zhang, Y., Wang, Q., Chen, J., Ma, L., and  Liu, X. (2023). Ast ’ragalus polysaccha’ride ‘resto’res 

immune function and antioxidant status in cyclophosphamide-t’reated mice th’rough 

N’rf2/HO-1 signaling. International Immunopharmacology, 115, 109681. https://doi. 

o’rg/10.1016/j.intimp.2023.109681 

 

 

 

 

 

 

 

 

 

https://doi.org/10
https://doi.org/10.1016/j.intimp.2023.109681
https://doi/


74 

 

 

 

 

 

 

 

 

 

 

 

 



    w e i g h t   o f   c r u d e   e x t r a c t    w e i g h t   o f   p o w e r e d   s a m p l e   × 100

