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ABSTRACT: In recent years, scientific interest in Moringa oleifera has surged due to its potential health-

promoting properties in traditional healthcare services. Hence, the objective of this paper was to evaluate the antioxidant 

activities of ethanol extract of different parts of Moringa oleifera tree and the anti-anaemic potential of the parts in 
phenylhydrazine-induced heamatotoxicity in forty-eight (48) male Wistar albino rats using appropriate standard 

techniques. Qualitative phytochemical screening showed that Moringa oleifera parts contain flavonoids, saponins, and 

steroids and have antioxidant capabilities. The IC50 values for M. oleifera leaves and flowers DPPH were MOL 24.26 
± 2.92 µg/ml, MOF 43.69 ± 2.68 µg/ml, and gallic acid 16.71 ± 0.63 µg /ml. There was a significant increase in WBC, 

MCH, MCHC, and NEU in anaemic rats (14.07 ± 0.64 x 103, 22.6 ± 0.44 pg, 32.5 ± 0.85 g/dl, 33 ± 1.00 %, respectively) 

compared to the normal control (9.98 ± 0.92 x103, 18.98 ± 0.42 pg, 30.45 ± 0.5 g/dl, 29.05 ± 1.80 %, respectively) but 
lowered significantly with the treatment of different parts of Moringa oleifera. Histopathology showed moderate 

myeloblastic and lymphoblastic cellular traits in anaemic rats. The groups treated with hydroxyurea and Moringa 

oleifera parts showed varying frequencies of mild myeloblastic and lymphoblastic cellular traits, indicating 
improvement in the bone marrow. Findings from this study showed that Moringa oleifera parts have antioxidant 

capabilities and anti-anaemic potentials in a rat model of phenylhydrazine-induced heamatoxicity. However, the leaf is 

the most potent and efficient part based on the results of these findings.  
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Moringa oleifera (Lam), commonly known as the 

"drumstick tree" or "horseradish tree," is a versatile 

plant with a rich history of traditional medicinal uses. 

This remarkable tree is celebrated for its nutritional 

value, as various parts of the Moringa tree, including 

the leaves, seeds, and roots, are known to be a source 

of essential vitamins, minerals, and antioxidants. In 

recent years, scientific interest in Moringa oleifera has 

surged due to its potential health-promoting 

properties, particularly its role in combating oxidative 

stress and anaemia (Gopalakrishnan et al., 2016; 

Watanabe et al., 2021). Oxidative stress, characterized 

by an imbalance between the production of harmful 

free radicals and the body's ability to counteract their 

effects with antioxidants, is implicated in the 

pathogenesis of numerous health disorders, including 

anaemia (Forman and Zhang, 2021). Anaemia, a 

condition marked by a deficiency in the number of red 

blood cells or a decrease in their ability to carry 

oxygen, can result from various factors, including the 

destruction of red blood cells. Phenylhydrazine is a 

chemical compound commonly used to induce 

hemolytic anaemia in laboratory animals, making it a 

valuable model for studying anaemia-related 

pathophysiology (Gheith and El-Mahmoudy, 2018). 

Bone marrow plays a significant role in sickle cell 
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anaemia (SCA), a hereditary blood disorder 

characterized by abnormally shaped red blood cells 

(sickle-shaped) that can lead to various health 

complications (Tanabe et al., 2019). These abnormal 

red blood cells are fragile, prone to breaking apart 

(hemolysis), and have a shorter lifespan than normal 

red blood cells. To compensate for the rapid 

destruction of sickle cells, the bone marrow must 

produce new red blood cells at an increased rate 

(Giordano et al., 2021). This puts a considerable 

demand on the bone marrow to maintain an adequate 

supply of red blood cells. SCA can lead to 

haematological stress on the bone marrow, as it must 

work harder to produce red blood cells to replace those 

continuously destroyed (Leonard et al., 2019). This 

increased workload on the bone marrow can contribute 

to fatigue, anaemia-related symptoms, and sometimes 

even bone pain.  

 

This study delves into the antioxidant and anti-

anaemic potential of different parts of the Moringa 

oleifera tree in a rat model of phenylhydrazine-

induced hematotoxicity. By assessing the impact of 

Moringa oleifera on oxidative stress markers and 

haematological parameters, we aim to shed light on the 

therapeutic potential of this natural resource in 

ameliorating anaemia and oxidative damage. 

Understanding the mechanisms underlying Moringa 

oleifera's effects on haematological health can pave 

the way for novel therapeutic interventions and the 

development of functional foods or supplements to 

combat anaemia and related disorders. This research 

could contribute to the growing body of scientific 

evidence supporting the traditional uses of Moringa 

oleifera and highlight its potential as a valuable 

addition to modern healthcare practices. Hence, the 

objective of this paper was to evaluate the antioxidant 

activities of ethanol extract of different parts of the 

Moringa oleifera tree and the anti-anaemic potential 

of the plant parts on phenylhydrazine-induced 

heamatotoxicity in forty-eight (48) male Wistar albino 

rats. 

 

MATERIALS AND METHODS 
Qualitative analysis of phytochemicals: 

Methodologies for determining phytochemicals were 

determined using a standard assay reported by Ezeonu 

and Ejikeme, 2016.  

 

In-vitro antioxidant assays: Determination of 1,1, 

diphenyl-2-picrylhydrazyl (DPPH) radical 

scavenging activities: The assay was carried out 

according to Vats and Gupta's (2017) described 

method. Plant extract (1 ml) was mixed with 1 ml 

DPPH (0.3 mM) and allowed to stand for 30 min at 

room temperature in the dark. The absorbance was 

taken at 517 nm, and IC50 (µg/ml) was extrapolated 

from the graph of the % DPPH scavenging activities 

plotted against the concentration of gallic acid. 

 

Ferric-reducing antioxidant power assay (FRP): The 

procedure, as outlined by Oyaizu (1986), with slight 

modifications, was employed in determining the 

reducing power of the extract. A mixture of five 

different concentrations of ethanol extracts (0.2, 0.4, 

0.6, 0.8, and 1 mg/ml) and gallic acid at the same 

concentrations in 2 ml phosphate buffer (0.2 M, pH 

6.6) and 2 ml of 1% potassium ferricyanide (K3Fe 

(CN)6) was made. At 50 °C, the mixture was incubated 

for 20 minutes, and 10% trichloroacetic acid (TCA) 2 

ml was added. This was followed by centrifuging the 

mixture at 1000 revolutions per minute (rpm) for 10 

min. Briefly, 2 ml of the supernatant was aspirated and 

mixed with distilled water (2 ml) and 0.1% ferric 

chloride (FeCl3) (1 ml). For each, the experiment was 

done in triplicate. After that, the absorbance values 

were measured using a spectrophotometer at 700 nm, 

and lC50 was determined. 

 

Hydrogen peroxide scavenging activity (HPSA): The 

ability of plant extracts to scavenge hydrogen peroxide 

was determined by following the method of Ruch, 

1989. Accordingly, a solution of hydrogen peroxide 

(40 mM) was prepared in phosphate buffer (50 mM, 

pH 7.4). Three different concentrations of extract (25, 

50 and 75 μg/ml) prepared in distilled water were 

added to a 0.6 ml hydrogen peroxide solution. The 

absorbance of hydrogen peroxide at 230 nm was 

determined 10 min later against a blank solution 

containing the phosphate buffer without hydrogen 

peroxide. The percentage of hydrogen peroxide 

scavenging capacity was calculated by 

 

[𝐻2𝑂2] = [(𝐴𝐶 − 𝐴𝑆)/𝐴𝐶] × 100 
 

Where AC is the absorbance of the control, AS is the 

absorbance of the sample. 

 

Experimental design of in-vivo studies: Experimental 

groups: Forty-eight (48) male Wistar albino rats were 

divided into eight groups of six rats each. Anaemia 

was induced in rats except the normal control group 

(NOR) by intraperitoneal administration of 40 mg/kg 

of PHZ for three days. The rats were divided into 

groups I to VIII and treated for 28 days as follows: 

 

NOR: Normal rats fed with normal chow; NEG 

(Negative control): Anemic rats fed with normal 

chow; POS (Positive control): Anemic rats fed with 

normal chow, plus 25 mg/kg hydroxyurea; MOB: 

Anaemic rats fed with rat chow blended with 10 % 

Moringa oleifera bark; MOF: Anaemic rats fed with 
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rat chow blended with 10 % Moringa oleifera flower; 

MOL: Anaemic rats fed with rat chow blended with 10 

% Moringa oleifera leaves; MOR: Anaemic rats fed 

with rat chow blended with 10 % Moringa oleifera 

root; MOS: Anaemic rats fed with rat chow blended 

with 10 % Moringa oleifera seed  

 

Induction of anaemia: In the experimental rats, 

anaemia was induced through intraperitoneal injection 

of phenylhydrazine (40 mg/kg body weight) into the 

rats for three consecutive days (Sheth et al., 2021). The 

packed cell volume (PCV) and haemoglobin (Hb) 

were determined, and rats with PCV less than 36% and 

Hb less than 12 g/dl were considered anaemic and 

included in this study. 

 

Collection of blood sample: The blood sample was 

collected via cardiac puncture after dislocation at the 

cervical region. It was dispensed into commercially 

prepared concentrations of ethylene diamine tetra 

acetic acid containers gently mixed and allowed to 

settle, after which it was centrifuged for 10 minutes at 

4000rpm to obtain plasma. Samples were then stored 

in a refrigerator until it was needed. 

 

Determination of haematological parameters: The full 

blood count was determined using an automatic 

counter (Sysmex kx-21N, Tokyo, Japan), following 

the procedure outlined by Dacie et al., (2001). 

 

RESULTS AND DISCUSSION 
Phytochemical screening of ethanol extract of various 

parts of Moringa oleifera: Chemical groups in the 

ethanol extracts of the various parts of Moringa 

oleifera are presented in Table 1. The leaf contained 

alkaloids, flavonoids, tannins, saponins and 

glycosides, while the bark, with minor components, 

contained only saponin, steroids and glycosides.  

 
Table 1: Phytochemical Screening of the various parts of M. 

oleifera 

Group Moringa oleifera 

Bark Flower Leaf Root Seed 

Alkaloids - - + - + 

Flavonoids + + + + + 

Saponins + + + + + 

Steroids + + - + + 

Tannins - + + - - 

Terpenoids - - - - + 

Phobatannin - - - - + 

Glycoside + + + -  - 

Carbohydrate - - + + + 

Amino acids 

proteins 
- - + - + 

Key + = present, - = absent 
 

DPPH radical scavenging activities: Table 2 shows 

the result of DPPH radical scavenging activities of 

Moringa oleifera parts. Moringa oleifera parts 

exhibited profound in-vitro DPPH radical scavenging 

potentials in a concentration-dependent manner. The 

standard (gallic acid) showed remarkably higher 

DPPH radical scavenging activities than the extracts. 

The concentration of Moringa oleifera parts needed to 

scavenge 50% of the DPPH radicals (IC50) was also 

evaluated in this study. The IC50 values for Moringa 

oleifera parts were MOL 24.26 ± 2.92 µg/ml, MOF 

43.69 ± 2.68 µg/ml, and gallic acid 16.71 ± 0.63 µg 

/ml. The IC50 value of the standard was lower than that 

of the extracts. 

 

Ferric reducing antioxidant power assay: Like DPPH, 

the ferric-reducing antioxidant potential of the 

Moringa oleifera extracts showed concentration-

dependent increases in absorbance values at a 

wavelength of 700 nm (Table 2). The standard (gallic 

acid) at all tested concentrations had higher 

absorbance values than the extract. The lC50 was 

determined in this study. The lC50 for gallic acid (0.89 

µg/ml) was higher than that of MOF, MOS, and MOL 

extract (0.39, 0.39, 0.67 µg/ml, respectively) but lower 

than MOB and MOR (0.93, 1.29 µg/ml respectively). 

 

Hydrogen peroxide scavenging activity: Hydrogen 

peroxide scavenging activities (HPSA) of Moringa 

oleifera parts showed that the various parts had 

profound hydrogen peroxide scavenging potentials in 

a concentration-dependent manner (Table 2). The 

standard (gallic acid) exhibited remarkably higher 

hydrogen peroxide scavenging activities than the 

extract. The concentration of Moringa oleifera parts 

needed to scavenge 50% of the hydrogen peroxide 

(IC50) was also estimated in this study. The lC50 for 

gallic acid was lower than all the extracts. 

 
Table 2. antioxidants activities for DPPH, FRP and HPSA assays. 

Plant extract  DPPH  

(μg/mL) 

FRP  

(μg/mL) 

HPSA  

(μg/mL) 

MOB 83.67 ± 2.27* 0.93 ± 0.02 0.13 ± 0.03 

MOF 43.69 ± 2.68* 0.39±0.01* 0.29±0.01* 

MOL 24.26 ± 2.92*  0.67±0.06 0.19±0.01* 

MOR 387.36 ± 8.02*   1.29±0.37* 0.15±0.01 

MOS ND  0.39±0.02* 0.14±0.01 

GA 16.71 ±0.63   0.89±0.10 0.12±0.01 

ND – not detected; *Significance when compared to Gallic acid 
across the column 

 

The presence of alkaloids, flavonoids, tannins, 

saponins, and glycosides in the various parts of M. 

oleifera, from the phytochemical screening, suggested 

their involvement in the bioactivities of the plants. 

Such activities have been associated with various parts 

of diverse plants without excluding M. oleifera 

(Vergara-Jimenez et al., 2017; Nimyel and Ilori, 

2022). While Vergara-Jimenez et al. (2017) used only 

leaf extract, Nimyel and Ilori (2022) used root bark 

extracts with different solvents and argued that ethanol 
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extract had more phytochemicals. The in-vitro 

antioxidant assay was conducted to determine whether 

the Moringa oleifera bioactive phytochemicals could 

prevent DPPH, FRP, and HPSA oxidation. The 

observed antioxidant activities in leaf and flower 

extracts are similar to the gallic acid used regarding 

their DPPH and FRP IC50, indicating that they are rich 

in phytochemicals with antioxidant activities. The 

activities were also dose-dependent, like that of pure 

gallic acid used as the study's standard, suggesting that 

the antioxidant properties of Moringa oleifera allow it 

to mop up free radicals in the assay, stabilize them, and 

then stop the free radicals chain reactions. 

Furthermore, various Moringa oleifera extracts, 

mainly the bark, seed, root and leaves, showed notable 

in vitro hydrogen scavenging capacity (HPSA), with 

the seed and leaves giving the best results  

 

Effect of Moringa oleifera parts on haematological 

parameters of the PHZ-induced anaemic rats: Table 3 

shows the effect of Moringa oleifera parts on the 

haematological parameters of PHZ-induced anaemic. 

The result revealed a significant (p < 0.05) decrease in 

RBC, HCT, HB and LYM in the anaemic group 

compared to the non-anaemic group. Interestingly, 

treatment with different parts of Moringa oleifera 

significantly (p < 0.05) improved RBC, HCT, HB and 

LYM levels relative to the untreated group. There was 

a significant increase in WBC, MCH, MCHC, and 

NEU in anaemic rats (14.07 ± 0.64 x 103, 22.6 ± 0.44 

pg, 32.5 ± 0.85 g/dl, 33 ± 1.00 %, respectively) 

compared to the normal control (9.98 ± 0.92 x 103, 

18.98 ± 0.42 pg, 30.45 ± 0.5 g/dl, 29.05 ± 1.80 %, 

respectively) but lowered significantly with the 

treatment of different parts of Moringa oleifera. 

 

 

Table 3: Effect of Moringa oleifera parts on haematological parameters of the PHZ-induced anaemic rats. 

 
 

Results are expressed as mean ± SD, n=6. A means 

significant when compared to NOR, b is significant 

compared to anaemic control, and c is significant 

compared to the hydroxyurea group. NOR: Normal 

control; NEG: Anaemic control, POS: (HU) 

hydroxyurea treated group, MOB: Moringa oleifera 

bark, MOF: Moringa oleifera flower, MOL: Moringa 

oleifera leaf, MOR: Moringa oleifera root, MOS: 

Moringa oleifera seed. HCT: haematocrit; HGB: 

haemoglobin; LYMP: lymphocyte; MCH: mean 

corpuscular haemoglobin; MCHC: mean corpuscular 

haemoglobin concentration; MCV: mean corpuscular 

volume; MPV: mean platelet volume; NEU: 

neutrophil; PDW: plate volume distribution width; 

PLT: platelet; RBC: red blood cell; RDWCV: red 

blood cell volume distribution width-CV; RDWSD: 

red blood cell volume distribution width-SD; WBC: 

white blood cell. Phenylhydrazine is a renowned 

hemolytic drug that distorts the erythrocyte 

membranes via lipid peroxidation resulting from 

massive intravascular hemolysis. The membrane 

distortion caused haemoglobin destruction as the 

globin portion is denatured and precipitated. This 

counted for the reduced RBC recorded in this study. 

Anaemic condition is also associated with declining 

Hb, RBC, and HCT values. Both human and rat 

studies have shown a significant correlation between 

RBC, Hb, PCV, and red cell indices, that is, MCV, 

MCH, and MCHC (Aloke et al., 2021). In the present 

study, the Hb and HCT of the anaemic rats dropped 

compared to the normal rats compared to the untreated 

anaemic group. Still, the values significantly improved 

after treatment with HU, MOB, MOL, MOR, and 

MOS, supporting the findings of the previous studies 

that certain plants contain phytochemicals that can 

enhance red cell indices (Gheith and El-Mahmoudy, 

2018). The body's response to low HCT levels, which 

culminated in the synthesis of blood cells to prevent 

oxygen deprivation in the circulation, may be 

responsible for the increase in HCT levels. By 

reversing the effects of the toxicant - PHZ, the 

antioxidants present in plant materials may be 

responsible for this anti-anaemic activity. Extensive 

intravascular hemolysis is linked to the alteration of 

MCHC values (decreases or increases); reticulocytosis 

often increases MCV and MCH (Prasad et al., 2018). 

According to the haematological index data in the 

study, the anaemic rats altered the indices, while HU 
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and M. oleifera improved most of them, with the best 

improvement displayed by MOL. Thus, the Moringa 

oleifera leaf is a choice plant material for mitigating 

anaemic conditions.  

 

Growing data have suggested that anaemic condition 

arises when phenylhydrazine damages red blood cells 

through the formation of ROS (Banerjee et al., 2020), 

supporting the decrease in the RBC numbers of PHZ-

induced anaemic rats in this study. However, 

treatments with hydroxyurea and various parts of 

Moringa oleifera improved the value dramatically. 

This can be attributed to abundant antioxidant 

bioactive components in the plant materials, which 

counteracted phenylhydrazine's harmful effects. It was 

thus postulated that the Moringa oleifera components 

might have stimulated stem cells to create new blood 

cells through erythropoiesis (Suzanne et al., 2020). 

These findings align with research on Moringa 

oleifera leaf extract (Rabeh et al., 2021) which 

increased Hb concentration and RBC after anaemia 

induction with PHZ. The anaemic rats fed with various 

Moringa oleifera parts had a considerable increase in 

Hb content, proving that the plant effectively boosts 

blood production. The rise in white blood cells (WBC) 

experienced in anaemic rats could result from the rat's 

immune system responding by producing more white 

blood cells to fight any infections that might be the 

source of the anaemia (Quasaaid et al., 2022); this was 

also curtain by the M. oleifera various parts. Although 

WBC was suppressed by treatment with Moringa 

oleifera parts, the value was brought to normal with 

Moringa oleifera leaves (MOL).  

 

Figure 1 shows the histology sections of selected bone 

marrows of the various groups in the study. The typical 

architecture of the bone marrow in the normal control 

rats was seen in the bone marrow film (Fig. 1A). In 

contrast, moderate myeloblastic and lymphoblastic 

cellular traits with some diffused cells were seen in the 

anaemic untreated rats (Fig. 1B). However, in the 

groups treated with the standard drug (Fig. 1C) and 

Moringa oleifera parts Fig. 1 D, E, F, G and H), the 

result showed varying frequencies of mild and 

moderate myeloblastic and lymphoblastic cellular 

traits with some diffused cells across groups indicating 

improvement in the bone marrow. 

 

 
Fig. 1 Photomicrographs of rat bone marrow at x400 magnification, H&E staining. Observable across groups A-H are bone marrow films 

with varying frequencies of mild to moderate myeloblastic and lymphoblastic cellular traits (red arrow) with some diffused cells across 
groups 

 

Due to inefficient erythropoiesis in the bone marrow 

and the short red blood cell survival in circulation, it 

has been demonstrated that oxidative stress plays a 

critical role in haemolytic anaemia (Kale et al., 2019). 

The histopathology of the bone marrow showed a 

typical bone marrow architecture for healthy rats and 

mild lymphoblastic and myeloblastic cellular 

characteristics in anaemic rats. These agreed with the 

elevated white blood cells in PHZ rats in the study on 

haematological parameters. Lymphoblastic leukaemia 

is associated with high WBC production in response 

to injuries induced by toxic compounds (Ahmed et al., 

2023). The treatment groups exhibit some diffused 

cells across groups and minor myeloblastic and 

lymphoblastic cellular characteristics, which is a sign 

that Moringa oleifera root, bark, seed, leaves and 

flower had an ameliorative effect on the bone marrow. 

Anaemia condition has been connected with an 

increase in tissue hypoxia, which, in-turns resulted in 

elevated serum erythropoietin, an essential molecule 

in the expansion and differentiation of bone marrow 

and spleen (Wang et al., 2021). This present study 
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reported that Moringa oleifera's bark, flower, leaves, 

root, and seeds have significant antioxidants and 

anaemic-fighting potential against PHZ-induced 

hemolytic anaemia, supporting their folklore use in 

alternative medicine. The various positive effects of 

Moringa oleifera parts adduced to the bioactive 

phytochemicals observed in them, immune response 

elicitation suggested that some phytochemicals 

regulate some genes.  
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