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1.0. INTRODUCTION 

Cadmium is a heavy metal and an environmental 

pollutant that poses a serious environmental hazard for 

human health.
[1]

 It is naturally found in the environment 

as a constituent of ocean water and to a lesser level in 

surface water and groundwater. Cadmium is naturally 

emitted into the environment through volcanic activities, 

forest fires and generation of sea salt aerosols.
[2]

 It can 

also be introduced in the environment through 

anthropogenic activities such as use of phosphate 

fertilizers, fossil fuel combustion and some industrial 

activities like welding and soldering.
[3]

 Human exposure 

is primarily from fossil fuel combustion, natural sources, 

iron and steel production, cement production and related 

activities, nonferrous metals production and municipal 

solid waste incineration. Cadmium is toxic to human as 

excessive exposure can cause death.
[4]

 It enters cells and 

accumulates in cytoplasmic and nuclear space in high 

concentrations.
[5]

 Cadmium is highly a human 

carcinogen, which affects organs like the liver, kidneys 

and many bodily processes such as lipid metabolism, 

hematological functions amongst others.
[1]

 It is a risk 

factor associated with a large number of illnesses 

including atherosclerosis, hypertension, cardiovascular 

disease and blood disorders.
[3]

 

 

Medicinal plants have been employed over the years for 

preventive, therapeutic and curative purposes.  Irvingia 

gabonensis O’Rorke Baill commonly called bush mango 

or African mango as the trees bear small mango-like 

fruits
[6]

, is a tropical forest tree commonly found in 

Southern and Eastern Nigeria, Sierra Leone and 

Equatorial Africa and it belongs to the family, 

Irvingiaceae. The fruit pulp is sweet and edible with a 

characteristic turpentine flavor.
[7]

 Traditionally, the 

leaves are widely used for the treatment of several 

illnesses.
[8]

 The aqueous maceration of the leaves is used 

as antidote for some poisonous substances. The leaves 

are used to stop haemorrhage in pregnant women when 

combined with palm oil. The decoction of the stem bark 
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Several health abnormalities such as derangement of haematological indices have been attributed to cadmium 

intoxication. The effect of Irvingia gabonensis O’Rorke Baill ethanol leaf extract on haematological indices in 

cadmium-exposed Wistar albino rats was investigated. 30 Wistar albino rats of weights between 88 and 148g were 

distributed into six groups of five animals each. Group 1 (normal control) received normal feeds and water ad 
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CdCl2 and 200 mg/Kgbw extract, 10 mg/kgbw CdCl2 and 400 mg/Kgbw extract respectively. Groups 5 and 6 

received 200 mg/Kgbw and 400 mg/Kgbw extract respectively for 28days. Treatment was by oral intubations. 

Results obtained showed significant (p˂0.05) decreases in the levels of all assayed haematological indices when 

group 2 (CdCl2 only) was compared with control with the exception of reticulocytes whose levels were 

significantly (p˂0.05) increased, indicating anaemia. Treatment with the leaf extract significantly (p˂0.05) 

attenuated the levels of all the haematological indices most of which were dose-dependent. The leaf extract also 

significantly (p˂0.05) ameliorated perturbations in white blood cell differentials induced by cadmium when group 

2 was compared with control apart from basophils whose levels were not significantly different. Irvingia 

gabonensis O’Rorke Baill ethanol leaf extract may be very useful in mitigating cadmium-induced haematological 

disturbances. 
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is employed in the treatment of gonorrhoea, hepatic and 

gastrointestinal disorders in Senegal.
[9]

 The leaf extracts 

of the plant have been reported to have diuretic effect in 

rats and hypotensive effect in cats.
[10], [11]

 The stem bark 

of the tree is added to palm wine as a preservative.
[12]

 

With the widely acclaimed medicinal properties of 

Irvingia gabonensis O’Rorke Baill leaf, this study was 

carried out to investigate the effect of Irvingia 

gabonensis O’Rorke Baill ethanol leaf extract on 

cadmium-induced haematological disturbances in Wistar 

albino rats. 

 

2.0.  MATERIALS AND METHODS 

2.1. Chemicals and Reagents 

Cadmium chloride (CdCl2) was purchased from Kermel 

chemical co. ltd, China. Absolute ethanol was purchased 

from JHD chemicals, China. All other reagents and 

chemicals used were of analytical grade. 

 

2.2. Collection and preparation of plant sample 

Fresh and matured leaves of Irvingia gabonensis 

O’Rorke Baill were harvested from Amanagwu village in 

Arochukwu Local Government Area of Abia State, 

Nigeria. The leaves were identified by Mr. Daniel Etefia 

of the department of Pharmacognosy and Herbal 

Medicine, Faculty of Pharmacy, University of Uyo, with 

the Herbarium no. James Daniel UUH 042116 (Uyo). 

The leaves were washed with distilled water and air-

dried for seven days in Biochemistry laboratory, 

University of Uyo. The dried leaves were then pulverized 

using manual grinder and macerated in 80% ethanol for 

72 hours while stirring at regular intervals for proper 

extraction. After 72 hours, the supernatant was carefully 

decanted and concentrated to dryness using a water bath 

at 45ºC. The concentrated extract was then stored in the 

freezer prior to use. 

 

2.3. Experimental design 

Thirty (30) Wistar albino rats of weights between 88–

148g were obtained from the animal house, Derindam 

Research Institute of Biotechnology, Uyo, Akwa Ibom 

state, Nigeria. They were divided into six (6) groups of 

five (5) animals each in standard cages in a well 

ventilated room under standard conditions and allowed to 

acclimatize for 34 days. They were fed normal rat feed 

and water ad libitum. Treatment was done once daily by 

oral intubation and lasted for 28 days as shown in table 1 

below.  

 

Table 1: Protocol for Treatment of Experimental Animals 

Experimental Groups Treatment 

Group 1 (control) Normal feed and Water 

Group 2 10mg/kgbw CdCl2 

Group 3 10mg/kgbw CdCl2 + 200mg/kgbw ELEIG 

Group 4 10mg/kgbw CdCl2 + 400mg/kgbw ELEIG 

Group 5 200mg/kgbw ELEIG 

Group 6 400mg/kgbw ELEIG 

ELEIG = Ethanolic Leaf Extract of Irvingia gabonensis (O’ Rorke) Baill, bw = body weight.  

 

2.4. Collection of blood samples 

After the last treatment, the animals were fasted 

overnight with access to water only. They were 

anaesthetized using ketamine hydrochloride and blood 

was collected by cardiac puncture using sterile needles 

and syringes into labeled Ethylenediaminetetraacetic acid 

(EDTA) bottles and used for the haematological 

analyses. 

 

2.5. Haematological analyses 

White blood cell (WBC) count and its differentials were 

done using haematocytometer.
[13]

 Red blood cell (RBC) 

count was done using haematocytometer.
[14]

 

Haemoglobin concentration was estimated using Cayman 

assay kits, U.S.A. according to manufacturer’s protocol.  

 

2.5.1. Determination of packed cell volume (PCV) 

Wintrobe method was used. The wintrobe 

microhaematocrit tube was filled with blood by capillary 

action up to 2/3. The samples were spun for 5 minutes at 

10,000rpm and the PCV was read as a percentage using 

the designed scale reader. 

 

 

 

2.5.2. Platelet count 

Blood was diluted with ammonium oxalate that 

haemolysed the RBC leaving Platelet intact and was 

counted using haemocytometer. 1:200 dilution (20l: 

3980l) was made, the counting chamber was charged 

with well mixed diluted blood and the chamber was 

allowed to rest for 5minutes undisturbed. Platelets were 

counted using X40 objective in the large four corner area 

of the squares of the haemocytometer, number of cell 

count was calculated as 

Platelet = N x 500 (500N). 

 

2.5.3. Reticulocyte Count 

Blood samples were kept in EDTA bottles; reticulocytes 

were demonstrated with supravital stain in which RNA 

appears as a network strand or granule. Equal volumes of 

blood and supravital stains were mixed in tubes, allowed 

to stand for 15 minutes, thin films were prepared and 

allowed to dry and were examined using X100 objective. 

1000 RBCs that do not overlap were counted and 

reticulocytes were counted as well in each field and the 

following formula below was used for the estimation: 

Retics = Retics counted x 100/RBC counted + Retics 

counted.  
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Mean cell haemoglobin concentration (MCHC), mean 

cell haemoglobin (MCH) and mean cell volume (MCV) 

were determined by calculations as follows: 

 
 

 
 

 
 

2.6. Data analysis 

Results were presented as mean ± standard deviation 

(SD) and were analysed using by one – way analysis of 

variance (ANOVA) for differences between groups with 

the aid of SPSS Software. P values less than (˂) 0.05 

were considered statistically significant for differences 

between means. 

 

3.0. RESULTS 

3.1. Effects Irvingia gabonensis ethanolic leaf extract 

on white blood cells and its differentials in 

experimental animals 

As shown in table 2 below, there were significant 

decreases (p˂0.05) in white blood cell count, monocytes, 

neutrophils and platelets count and significant increases 

(p˂0.05) in lymphocytes and eosinophils in group treated 

with cadmium only (group 2) when compared with 

control. The lymphocytes and eosinophils of group 2 

were significantly (P<0.05) higher when compared to all 

other groups. There was no significant (P˃0.05) 

difference in basophils count across the groups.  

 

 

Table 2: Effects Irvingia gabonensis ethanolic extract leaf on white blood cells and its differentials in 

experimental animals 

Groups WBC (µl) LYM(µl) MON (µl) BAS (µl) EOS(µl) NEU(µl) PLT (µl) 

1 7.76±0.05
bcde

 6.78±0.23
bcde 

0.12±0.04
bc 

0.02±0.04 0.11±0.02 
bcdef 

1.28±0.05 
bcdf 

918.40±71.35 
bcdef

 

2 0.55±0.05
acd 

8.53±0.45
acd 

0.02±0.01
ad 

0.05±0.01
 

0.19±0.03 
acd 

0.05±0.02 
acd 

337.00±55.55 
acd

 

3 1.89±0.31
abd 

1.89±0.31
abd 

0.02±0.01
ad 

0.02±0.01 0.02±0.01
ab 

0.51±0.15
ab 

459.80±65.56 
ab

 

4 5.70±0.88
abc 

3.41±1.21
abc 

0.12±0.02
bc 

0.01±0.01 0.02±0.01
ab 

0.48±0.29
ab 

506.00±133.59 
ab

 

5 6.93±0.38
a 

4.80±0.64
af 

0.11±0.02
f 

0.03±0.05 0.01±0.01
a 

1.18±0.08
f 

519.25±52.35 
af
 

6 7.66±0.79
 

6.44±0.43
e 

0.14±0.02
e 

0.004±0.005 0.004±0.005
a 

0.40±0.09
ae 

649.60±29.18 
ae

 

a= mean difference is significant (P<0.05) compared to group 1; b= mean difference is significant (P<0.05) compared 

to group 2; c= mean difference is significant (P<0.05) compared to group 3; d= mean difference is significant (P<0.05) 

compared to group 4; e= mean difference is significant (P<0.05) compared to group 5; f= mean difference is significant 

(P<0.05) compared to group 6; WBC= white blood cells; LYM=Lymphocytes; MON=Monocytes; EOS= Eosinophils; 

NEU=Neutrophils; PLT=Platelets 

 

3.2. Effects Irvingia gabonensis ethanolic extract leaf 

on RBC, MCHC, MCH, MCV and PCV in 

experimental animals 
The red blood cells, haemoglobin, MCHC, MCH, MCV 

and PCV of group 2 (cadmium only) were significantly 

reduced (p˂0.05) when compared to all other groups. 

The reticulocytes of group 2 was significantly higher 

(p˂0.05) when compared to groups 1, 3 and 4 as shown 

in table 2 below. 

 

Table 3: Effects of Irvingia gabonensis O’ Rorke Baill on RBC, MCHC, MCH, MCV and PCV in experimental 

animals 

Groups RBC (µl) Hb (g/dl) MCHC (g/dl) 
MCH 

(pg) 

MCV 

(fl) 
PCV (%) RET (l) 

1 8.54±0.60
bcde

 16.54±0.51
bcdef

 33.80±2.39
bc

 18.40±1.14
bc 

54.00±1.58
bcde

 49.40±1.34
bcde

 120.2 ±24.50
b
 

2 3.83±0.82
acd

 9.75±0.79
acd

 20.28±1.62
acd

 13.90±0.83
acd

 34.31±5.12
acd

 26.20±3.87
acd

 295.25±137.69
acd

 

3 6.31±0.33
abd

 12.78±0.98
abd

 30.46±2.84
ab

 16.48±0.64
ab

 41.64±2.19
ab

 34.60±2.97
abd

 123.50±19.82
b
 

4 7.68±0.34 
abc

 14.30±0.85 
abc

 32.25±2.50 
b
 17.63±1.25 

b
 45.00±1.41

ab
 38.75±3.69 

abc
 130.75±8.30

b
 

5 7.60±0.42 
a
 14.05±0.39 

af
 32.65±2.18 17.13±2.17 45.00±2.45

af
 41.50±3.11

af
 148.50±6.61 

6 7.94±0.52 15.27±0.94 
ae

 35.20±1.30 18.66±1.06 52.20±2.77
e
 49.20±2.59 

e
 196.00±54.57 

a= mean difference is significant (P<0.05) compared to group 1; b= mean difference is significant (P<0.05) compared 

to group 2; c= mean difference is significant (P<0.05) compared to group 3; d= mean difference is significant (P<0.05) 

compared to group 4; e= mean difference is significant (P<0.05) compared to group 5; f= mean difference is significant 

(P<0.05) compared to group 6; Hb= Hemoglobin, MCHC = Mean Cell Haemoglobin Concentration, MCH = Mean Cell 

Haemoglobin, MCV = Mean Cell Volume, PCV = Packed Cell Volume, RBC = Red Blood Cell, RET= Reticulocytes. 
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4.0. DISCUSSION 

The use of toxic chemicals, xenobiotics or certain 

synthetic compounds for various industrial and 

agricultural purposes has increased the pollution 

problems globally. Of these compounds, heavy metals 

induce potential effects even at low doses.
[15]

 This has 

contributed to the increased use of medicinal plants and 

medicinal plant products, especially in Africa and North 

America, owing to their constituent secondary 

metabolites.
[16]

 

 

In the present study, the effect of Irvingia gabonensis 

ethanol leaf extract on cadmium-induced haematological 

derangements was investigated. The number of white 

blood cells, monocytes, neutrophils and platelets in 

group 2 (cadmium only treated group) were significantly 

(P<0.05) decreased when compared with control, groups 

3 and/or 4. This may be due to the oxidative stress 

induced by cadmium as oxidative stress is one of the 

mechanisms of cadmium toxicity via the generation of 

reactive oxygen species
[17]

, hydrogen peroxide,
[18] 

hydroxyl radicals
[19]

 ultimately altering the antioxidant 

system in animals as a result of reduced glutathione 

levels and increased lipid peroxidation which is a 

primary mechanism for cadmium-induced 

toxicity.
[20],[21],[22]

 The free radicals produced in this 

process are attached to any available molecule in 

intracellular environment culminating in cellular 

damage.
[23],[24]

 This could culminate into impairment in 

immune function as white blood cells are majorly 

involved in immune protection thus exposing the system 

to attacks by foreign invaders.
[25]

 The observed 

significant (P<0.05) decrease in platelets may inhibit the 

formation of platelet plugs needed to prevent 

haemorrhage at the site of injuries as well as loss of 

integrity of the capillaries.
[26]

 This contradicts the 

findings of Hounkpatin et al.,
[26]

 who reported significant 

increases with both low and high doses of cadmium in 

experimental rats compared with control. Furthermore, 

exposure to cadmium only in this study significantly 

(P<0.05) increased lymphocyte and eosinophils counts 

when group 2 (cadmium only) was compared with the 

control. Persistent changes are known to occur in the 

immune system during exposure to environmental 

pollutants
[27]

 of which cadmium is one. There were no 

significant (P˃0.05) differences in basophil counts across 

all experimental groups.  

 

Treatment with Irvingia gabonensis ethanol leaf extract 

at different doses significantly (P<0.05) ameliorated the 

observed derangements in the aforementioned 

haematological parameters when the groups that were 

administered cadmium and extract simultaneously 

(groups 3 and 4) were compared with group 2 (cadmium 

only). The observed ameliorative effect of the leaf 

extract may owe to its very high antioxidant capacity
[28]

 

since one major mechanism of cadmium toxicity is by 

the induction of oxidative stress. Ojo et al.,
[29]

 had 

reported the ameliorative effect of Irvingia gabonensis 

stem bark extract on cadmium-induced disturbances (in 

the aforementioned parameters) in wistar albino rats. 

 

Red blood cells are majorly involved in the transport of 

dissolved oxygen due to their constituent oxygen-

carrying pigment, haemoglobin. A decreased 

concentration of red blood cells and the oxygen-carrying 

haemoglobin is a sign of anaemia. In the present study, 

exposure of the experimental rats to cadmium only 

significantly (P<0.05) decreased red blood cell count, 

haemoglobin concentration, mean cell haemoglobin 

concentration (MCHC), mean cell hemoglobin (MCH), 

mean cell volume (MCV) and packed cell volume (PCV) 

when group 2 (cadmium only) was compared with the 

control. The observed significant decrease in red blood 

cell count may be due to the cytotoxic effect of cadmium 

as cadmium is known to cause oxidative stress via the 

production of reactive oxygen species (ROS) which 

could have compromised the red cell membrane 

integrity. Long-term cadmium exposure in rats has also 

been reported to culminate in anaemia due to the 

inhibition of the synthesis of erythropoietin, a hormone 

that stimulates the formation of red blood cell.
[30]

 The 

decrease in haemoglobin concentration may be due to 

either an increase in the rate of haemoglobin destruction 

or to a decrease in the rate of haemoglobin synthesis.
[31]

 

These may have contributed to the observed significant 

decreases in PCV, MCHC, MCH and MCV in this study. 

The observed disturbances may be indicative of 

hypochromic and microcytic anaemia. This corroborates 

the findings of Ita and Udofia,
[32]

 who reported the 

decreases in these parameters in Wistar rats exposed to 

crude petroleum, petrol, kerosene and diesel. The 

reticulocyte count in this study showed a significant 

increase (p<0.05) in cadmium exposed group when 

compared with control, groups 3 and 4. This increase 

could be attributed to the increased need for red blood 

cell formation in the bone marrow as red cell haemolysis 

stimulates the production of reticulocytes.
[25]

 

 

Treatment with the ethanol leaf extract of Irvingia 

gabonensis O’Rorke baill at different doses significantly 

(P<0.05) increased the RBC, MCHC, MCH, MCV, PCV 

and significantly decreased the reticulocytes counts when 

the extract treated groups were compared with the 

cadmium exclusively exposed group. This may as well 

point to the very high antioxidant power of the leaf 

extract
[28]

 thus mitigating the effect of cadmium-induced 

ROS generation thereby inhibiting the destruction of red 

cell membrane. The protective effect of the leaf extract 

may also not be unconnected to its very high iron 

content.
[33]

 Iron helps in the synthesis of haemoglobin 

and thus transportation of oxygen. It also aids the 

synthesis and packaging of neurotransmitters, their 

uptake and degradation into other iron-containing 

proteins which may directly or indirectly alter brain 

function.
[34]

 Onwuka et al.,
[35]

 also reported a significant 

decrease in the haemoglobin concentration in cadmium 

exposed rats when compared to the control; treatment 
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with cabbage supplement however significantly 

increased the haemoglobin concentration. 

 

5.0. CONCLUSION 

The present study has revealed the ameliorative ability of 

ethanol leaf extract of Irvingia gabonensis O’Rorke baill 

on cadmium-induced haematological disturbances in 

Wistar albino rats. Ethanol leaf extract of Irvingia 

gabonensis O’Rorke baill may therefore be very useful 

in mitigating haematological disturbances induced by 

cadmium.  
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