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Abstract

Background: Cadmium (Cd) has been reported to cause distinct neurotoxic effects in adult and 
newborn animals. This study was designed to investigate some of the effects caused by cadmium on the 
lateral geniculate body of adult male wistar rats and the ameliorative properties of antioxidants present in 
Moringa oleifera seed oil and walnut oil extracts. 

Methods: Seven groups of fi ve animals each were used in this experiment. Group A received 3 ml of 
0.9% normal saline; group B received 2.5 mg/kg bw of 3CdSO4.8H2O, group C received 5 mg/kg bw vitamin 
C & 6 mg/kg bw vitamin  E, group D received 5 mg/kg bw vitamin C & 6cmg/kg bw vitamin E + 2.5mg/kg 
bw Cd, group E received 2.5 mg/kg bw Cd + 4 mg/kg bw Moringa oleifera Oil, group F received 2.5 mg/kg 
bw Cd + 4 mg/kg bw walnut oil, while group G received 2.5 mg/kg bw Cd + 2 mg/kg bw walnut + 2 mg/kg 
bw Moringa oleifera oil concomitantly for 3 weeks, histomorphological investigations were carried out in 
the brain tissues. 

Results: Light microscopy examination revealed marked changes in the structure of the studied 
tissues of Cd administered animals. However, administration of vitamin C & E, walnut and Moringa oleifera 
seed oil was seen to counteract the changes of the measured parameters and restore the damaged 
tissues associated with Cd administration to appear nearly like those of the control group A.

Conclusion: Walnut and Moringa oleifera seed oil administration attenuated morphological changes 
induced by cadmium in the lateral geniculate body of the brain of the adult male wistar rats.
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Introduction

Cadmium is produced mainly as a by-product from 
mining, smelting, and refi ning of sulfi de ores of zinc and it 
is one of the heavy metals, which is highly toxic to human, 
plants and animals, the metal is of special concern because 
it is non-degradable and therefore persistent [1]. The main 
anthropogenic pathway through which cadmium enters 
environment is via wastes from industrial processes such 
as electroplating, smelting, alloy manufacturing, pigments, 
plastic, cadmium-nickel batteries, fertilizers, pesticides, 
mining, pigments and dyes, textile operations and refi ning [2]. 
All over the world, cadmium contaminated waste waters and 
effl uents are being generated either directly due to cadmium 
production or through secondary sources [3]. 

A major past disaster ‘Itai-Itai’ due to contamination of 
cadmium in Jintsu river of Japan is well known [4]. Various 
regulatory bodies have set the maximum limits for the discharge 
of toxic heavy metals in the aquatic systems [5]. However, 
the metal ions that are being added to the water stream are 
at a much higher concentration than the prescribed limits by 
industrial activities, thus leading to the health hazards and 
environmental degradation [6]. The major exposure route for 
humans and animals is via respiratory exposure (inhalation) 
and by dietary exposure through the ingestion of food and drink 
[7,8]. Dermal exposure to cadmium is not a signifi cant health 
concern due to limited exposure and minimal absorption by 
the skin [9]. Cadmium is found in most foods, beverages and 
animal products [10].

Moringa oleifera is a tropical multipurpose tree that naturally 
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grows in India, South Saharan, Africa and South-America [11]. 
Almost every part of the plant (leaves, fl owers, seeds, roots and 
bark) can be used as food or with medicinal and therapeutic 
purposes [12], especially in developing countries. Moringa 
oleifera seeds also contain between 30-35 % (w/w) of vegetable 
oil known as “Behen” or “Ben” oil [13]. This oil resembles olive 
oil in its fatty acid composition and is oleic acid-rich, which 
makes it suitable for edible purposes [14]. The shelled Moringa 
oleifera seeds have been found effective for the removal of 
heavy metals such as cadmium by absorption [15]. It has a high 
concentration of antioxidant, antiseptic and anti-infl ammatory 
properties [16,17]. The antioxidants and nutrients present in 
the Moringa oleifera oil help to curb the activity of the free 
radicals [18]. Moringa oleifera seed oil has also been said to aid 
neurological development in infants [19]. In particular, this 
plant family is rich in compounds containing the simple sugar, 
rhamnose, and it is rich in a fairly unique group of compounds 
called glucosinolates and isothiocyanates [20]. For example, 
specifi c components of Moring preparations that have been 
reported to have hypotensive, anticancer, and antibacterial 
activity include 4-(4’-O-acetyl--L rhamnopyranosyloxy)
benzylisothiocyanate,4-(-L-rhamnopyranosyloxy) benzyl iso
thiocyanate,niazimicin,pterygospermin, benzylisothiocyanate, 
and 4-(-L-rhamnopyranosyloxy) benzyl glucosinolate [21]. 
While these compounds are relatively unique to the Maringa 
family, it is also rich in a number of vitamins and minerals 
as well as other more commonly recognized phytochemicals 
such as the carotenoids (including -carotene or pro-vitamin 
A) [22].

The black walnut tree (Juglansnigra L, Juglandaceae) is 
native in southeastern Europe, Asia Minor, India and China. 
Some species of the Walnut tree is now cultivated throughout 
Europe, North America, North Africa and East Asia [23]. The 
benefi cial action of walnut oil on skin is known for centuries 
and it is widely used in cosmetic manufacturing industry [24]. 
The walnut oil is a component of dry skin creams, ant wrinkle 
and antiaging products, because it presents moisturizing 
properties as well as free radical scavenging capacity [25]. 
The major constituents of the oil are triacylglycerols; free 
fatty acids, diacylglycerols, monoacylglycerols, sterols, 
sterol esters, and phosphatides are all present in only minor 
quantities [26]. Numerous studies have shown that adding 
walnuts to the diet produces favorable health outcomes, 
including lowering LDL cholesterol, improving LDL: HDL 
ratios, and reducing infl ammation associated with increased 
heart disease risk [27,28]. Omega-3 is a very important 
nutrient, which can prevent many diseases [29]. Walnuts have 
a high concentration of these good fats, which lower the risks 
of cardiovascular diseases, promote better cognitive function 
and have anti-infl ammatory property that protect against 
asthma, rheumatoid arthritis and other skin diseases related 
to infl ammation like psoriasis and eczema [30]. Walnuts can 
lower the cholesterol level, due to the nutrients it contains, like 
antioxidants, phenols, vitamin E, gallic acid and ellagic acid 
[30]. Ellagic acid in walnuts is an antioxidant compound that 
boosts the immune system [31]. Its anticancer properties also 
help in fi ghting the dreaded disease [32].

This study was designed to investigate some of the effects 
caused by cadmium on the lateral geniculate body of adult male 
wistar rats and the ameliorative properties of antioxidants 
present in Moringa oleifera seed oil and walnut oil extracts.

Materials and Methods

Plants source

The Moringa oleifera seeds were obtained from a local market 
in Jos, Plateau State, Nigeria and walnuts were procured from 
a local market in Ilorin, Kwara State, Nigeria. These seeds were 
then taken to a Mr Jeromes a Botanist in the Department of 
Biology, Bingham University Karu, Nasarawa State for proper 
identifi cation.

Animal care

All experimental investigations were done in compliance 
with humane animal care as studied in the “Guide to the care 
and use of laboratory animals resources”. National research 
council, DHHS, Pub. No NIH 86-23 [33].

Conditioning of animals

The study was carried out on thirty-fi ve (35) adult male 
wistar rats of body weight 150-200g. The rats were reared in 
the animal holdings of Bingham University Karu, Nasarawa 
State, Nigeria. The rats were allowed to gain maximum 
acclimatization before the actual commencement of the 
experiment. The rats were housed fi ve in a standard laboratory 
cage, at a constant room temperature in a 12 hs light: 12 hs 
dark (lights on 8 a.m.–8 p.m.) cycle. They were fed with 100g 
standard rat diet chow daily containing proteins, carbohydrate, 
fats, vitamins and minerals which was purchased from vital 
feeds and grand cereals Ltd (Jos, Nigeria) to avoid changes 
in dietary compositions and weight variability and 200 ml of 
normal drinking tap water was provided ad libitum. They were 
weighed routinely every day.

Animal grouping

The thirty-fi ve (35) male wistar rats were randomly divided 
into groups, A, B, C, D, E, F and G of fi ve (5) animals each.

Oil extraction and preparation

The fresh walnuts and Moringa oleifera seeds weighing 1500 
g each were oven dried at 400C for 7days and were blended 
separately with nuts and seeds blender. The molten Moringa 
oleifera seeds and walnuts were then independently poured 
into an oil extraction machine that separated the oil from the 
residue at high temperature and pressure. The oil obtained was 
then kept at about 60C-100C under reduced pressure in order to 
maintain the constant temperature of the oil.

Drug preparation

The cadmium sulphate solution was prepared by dissolving 
the 2.5 mg of cadmium sulphate salt (CdSO4) in 20 ml of 0.9% 
w/v normal saline solution. The ascorbic acid (vitamin C) was 
prepared by dissolving 5mg of vitamin C in 10ml of 0.9% w/v 
normal saline solution. The vitamin E (Alpha tocopherol) was 
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prepared by dissolving 6mg of vitamin E in 20 ml of olive oil.

Animal treatment

The animals were treated as shown in the table 1:

according to their body weights treated as shown in the table 
above for three (3) weeks using an oral cannular with a ball 
point at the tip. The animals were held with a glove with the 
left hand such that the neck region is held by the fi ngers to 
still the neck while being fed with the cannular; treatment 
was done every morning before the animals were fed. Twenty-
four (24) hours after the last administration; the animals were 
sacrifi ced by cervical dislocation. They were laid in a supine 
position on the dissecting board and pinned through the fore 
and hind paws. A midline incision through the skin and muscles 
of the abdominal wall were made from the xiphisternum to the 
pubic symphisis, extended laterally at the lower end to achieve 
adequate exposure of the thoracic and abdominal cavities. The 
skulls of the animals were fractured open using brain forceps 
and the whole brain was carefully removed and weighed. The 
lateral geniculate body was then excised and fi xed in 10% 
formol calcium for 72hs. This was done for all the animals in 
each of the groups labelled Groups A to G. The tissues were 
processed for histological analysis.

Histological preparation of tissue

After the brains of the wistar rats were harvested, they were 
placed in specimen bottles containing 40% formol calcium to 
prevent autolysis and after 24 hs, the brains were dissected 
to remove the lateral geniculate body. The processes involved 
include:

Fixation- The brain was fi xed in 40% formol calcium 
to preserve the cell and tissue components in a life-like 
state as much as possible, and also to prevent autolysis or 
decomposition by bacteria.

Dehydration- The tissue was passed through ascending 
grades of alcohol (70%, 80%, 90% and absolute 100%) to 
gradually remove its water content.

Clearing- The sample was placed in a clearing agent i.e. 
xylene to remove the alcohol. This improves the refractive 
index of the tissue.

Infi ltration- This is the immersion of the tissue in molten 
paraffi n wax to fi ll up the holes left by the alcohol so as to give 
the tissue support.

Embedding- The tissue is placed into an embedding mould 
which is fi lled with more paraffi n wax and allowed to solidify. 
This is done so as to make the tissue compact for sectioning. 
The block is trimmed to remove excess wax.

Sectioning- The block of tissue was placed in a microtome 
and trimmed to expose the surface. The microtome was set to 
3-5 micron and the tissue was sectioned. The sections were 
picked with forceps and placed in a water bath to fl oat out and 
spread well. It was then picked up with a slide and the slide 
placed on a hot plate for the tissue to stick to the slide.

Staining- The slides were arranged on a staining rack and 
dewaxed in 2 changes of xylene for 10 minutes. It was hydrated 
in descending grades of alcohol and then rinsed. The stain was 
then applied and the slides left to dry.

Table 1: Number of animals per group and dosage of treatment rendered.

Groups
Number of 

Animals
Dosage

A 5 3 ml of 0.9% normal saline per kg bw

B 5 2.5 mg/kg bw cadmium only

C 5 5 mg/kg bw vitamin C & 6 mg/kg bw vitamin E

D 5
5 mg/kg bw vitamin C & 6 mg/kg bw vitamin E + 2.5 mg/

kg bw cadmium

E 5
2.5 mg/kg bw cadmium + Moringa oleifera seed oil 

(4 mg/kg bw)

F 5 2.5 mg/kg bw cadmium + walnut oil (4 mg/kg bw)

G 5
2.5mg/kg bw cadmium + Moringa oleifera seed oil + 

walnut oil (2 mg/kg bw each)

Control groups

The animals were grouped into three control groups 
namely; the normal control (A), the negative control (B) and 
the positive control (C). The normal control group A animals 
received 3ml of 0.9% w/v normal saline solution orally for a 
period of three (3) weeks. The negative control group B animals 
were induced intraperitoneally with 2.5 mg/kg 3CdSO4.8H2O 
and after 72 hs of injection, the animals received 3ml of 0.9% 
w/v Normal saline solution for a period of three (3) weeks. 
The positive control group C animals received 5 mg/kg body 
weight and 6 mg/kg body weight of vitamins C and E orally 
respectively for a period of three (3) weeks.

Prophylactic treatment group

The group D animals were the prophylactic group that 
received 6 mg/kg body weight of vitamin E and 5 mg/kg body 
weight of vitamin C for the period of three (3) weeks followed 
by the intraperitoneal injection of 2.5 mg/kg 3CdSO4.8H2O for 
72 hs.

Therapeutic treatment groups

The group E, F and G animals served as the therapeutic 
treatment group. The animals in each group were injected 
intraperitoneally with 2.5mg/kg 3CdSO4.8H2O, after 72hours 
of injection, the animals in Group F and G received 4mg/
kg body weight of Moringa oleifera Seed oil and 4ml/kg body 
weight of walnut oil respectively for a period of three (3) weeks. 
The animals in group G received Moringa oleifera seed oil and 
walnut oil at 2 mg/kg body weight for a period of three (3) 
weeks.

Experimental design

The animals were administered orally with the 2 mg/kg 
Moringa oleifera seed and walnut oils, 5 mg/kg vitamin C, 6 
mg/kg vitamin E and 3 ml of 0.9% w/v normal saline solution 
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Statistical analysis

Data for the oxidative enzyme tests were expressed as 
Mean ± Standard Error of Mean (S.E.M). The data was analyzed 
in SPSS 17.0 software (SPSS Incorporation, Chicago, USA) to 
determine the analysis of variance. Except where otherwise 
stated, P ≤ 0.05 was taken as the level of signifi cance. 

Results

Body weight

Following the administration of cadmium, Moringa oleifera 
seed oil and walnut oil to the experimental animals in the 
treatment groups, the average body weight (Figure 1) in each of 
the experimental groups A, B, C, D, E, F and G were calculated 
at the end of the experimental procedures. Anorexia (a 
reduction in food consumption and body weight) was observed 
in all the rats in the treatment groups administered 2.5 mg/kg 
3CdSO4.8H2O and others groups that received cadmium plus 
Moringa oleifera seed oil, walnut oil, vitamin C and vitamin E 
respectively except group C animals that received 5 mg/kg bw 
vitamin C & 6 mg/kg bw vitamin E. Since food consumption 
was reduced, similar reductions in body weight were observed 
during the study for all the treatment groups except group C 
which shows increased in body weight when compared with 
the initial body weight of the same animal group. All control 
group rats showed an increase in body weight relative to initial 
body weight of the same animal group.

Histological observations of the lateral geniculate body 
tissues

Neurohistological assessment of the lateral geniculate body 
of the animals in the treatment groups showed varying degrees 
of degenerative, deleterious and regenerative effects on the 
neurons of the lateral geniculate body. The administration of 
cadmium was observed to have induced histomorphological 
changes in the lateral geniculate body of the brain involving 
the different types of neurons (Figure 2) when compared to 
the normal morphology of the lateral geniculate body of 
the rat brains in the normal control group A (Figure 3). The 
neurons were observed to have undergone either degenerative 
or apoptotic changes. The degenerative changes manifested by 
shrinkage, neurofi brillary tangles, senile plaques and deeply 
stained neurons in the studied regions. However, in fi gure 
4-8, the neurons showed cellular regeneration after they had 
undergone either degenerative or apoptotic changes manifested 
by shrinkage, neurofi brillary tangles, senile plaques and deeply 
stained neurons in the studied regions. This shows that the 
administration of the vitamin C and E antioxidants and the 
antioxidant containing Moringa oleifera oil and walnut oil 
extracts actually helped to curb the deleterious effects of the 
toxic cadmium. 

The results obtained are shown in fi gures 2-8: Microscopic 
examination of the lateral geniculate body. 

Discussion

Cadmium (Cd) is known to produce a variety of health 
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Figure 1: Bar shows initial and fi nal body weight of rats in effects of Moringa 
oleifera oil and walnut oil on cadmium induced lateral geniculate body damage in 
adult wistar rats (Rattus Novergiccus).
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Figure 2: Group B – Negative control (Administered cadmium only): Micrograph 
of longitudinal section of the lateral geniculate body of a rat. Some Neuronal cells 
show signs of axonal degeneration indicating the occurrence of apoptosis. H&E 
400X.
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Figure 3: Group A: Micrograph of longitudinal section of the lateral geniculate body 
of a rat. Neuronal cell shows normal architecture with layers visibly intact and 
undergoing cell division. H&E 400X.

hazards in humans and experimental animals due to its 
ability to induce severe alterations in various organs and 
tissues including the nervous system, following either acute 
or chronic exposure [34]. It promotes an early oxidative stress 
and afterward contributes to the development of serious 
pathological conditions [35]. 

In this study there was a decrease in fi nal body weight 
of the animals in cadmium groups when compare with the 
initial body weight of the same animal group (Figure 1) which 
complied with the report of Stohs et al., [36] that loss of weight 
and appetite is imperative due to excessive accumulation of 
Cadmium.
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In present study, the administration of cadmium was 
observed to have induced histomorphological changes in the 
lateral geniculate body of the brain involving the different 
types of neurons (Figure 2), when compared to the normal 
morphology of the lateral geniculate body of the rat brains 
in the normal control group A (Figure 3). The neurons were 

observed to have undergone either degenerative or apoptotic 
changes. The degenerative changes manifested by shrinkage, 
neurofi brillary tangles, senile plaques and deeply stained 
neurons in the studied regions since cell death which occurred 
pathologically is regarded as necrotic and could result from 
extrinsic implications or disturbances to the cell is toxic or 
traumatic [37]. Processes involved in cellular necrosis which 
may lead to cell death include disruption of the structural and 
functional potentials of the various membranes within the cell. 
Necrosis of the cell is not induced by intrinsic stimuli to the 
cells as observed in programmed cell death, but by an abrupt 
environmental disturbances and deviation from the normal 
physiological conditions, factors and functions [38]. The 
type of cell loss and the particular part of the organ affected 
determines the symptoms associated with individual disease 
[39]. Thus histomorphology alterations observed in this study 
as a results of histological damage to lateral geniculate body 
of male rats could have been as a result of direct toxicity of 
the cadmium or could have resulted from the release of toxic 
substances from other organs like liver and kidneys into the 
blood which may have circulated to the brain. This study shows 
that administration of the cadmium confers toxic and disruptive 
interference on cellular integrity of the lateral geniculate 
body in rats and led to oxidative damage of the neurons. This 
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Figure 4: Group C – Positive control (Administered vitamin C & E only): Micrograph 
of longitudinal section of the lateral geniculate body of a rat. Neuronal cells are 
intact with fi ne layered architecture and visible cell regeneration. H&E 400X.
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Figure 5: Group D – Positive induced (Administered vitamin C & E + cadmium): 
Neuronal cell shows normal layered architecture, few cells show signs of axonal 
degeneration indicating apoptosis and presence of numerous cells indicate cell 
regeneration. H&E 400X.
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Figure 6: Group E – Administered cadmium + Moringa oleifera seed oil: Micrograph 
of longitudinal section of the lateral geniculate body of a rat. Neuronal cell shows 
normal layered architecture, few shrunken cells show signs of axonal degeneration 
indicating apoptosis and presence of numerous cells indicate cell regeneration. 
H&E 400X.
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Figure 7: Group F – Administered cadmium + walnut oil: Micrograph of longitudinal 
section of the lateral geniculate body of a rat. :Neuronal cell shows normal layered 
architecture, few cells show signs of axonal degeneration indicating apoptosis and 
presence of numerous cells indicate cell regeneration. H&E 400X.
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Figure 8: Group G – Cadmium + Moringa oleifera seed oil + walnut oil: Micrograph 
of longitudinal section of the lateral geniculate body of a rat. Neuronal cell shows 
normal layered architecture, few shrunken cells show signs of axonal degeneration 
indicating apoptosis and presence of numerous cells indicate cell regeneration. 
H&E 400X.
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confi rms the suggestion made by Stohs and Bagchi, [40] that 
cadmium is a potent cell poison and its toxicity was mediated 
by the oxidative damage of essential cellular macromolecules 
[40]. However, in fi gure 4-8, the neurons showed cellular 
regeneration after they had undergone either degenerative or 
apoptotic changes manifested by shrinkage, neurofi brillary 
tangles, senile plaques and deeply stained neurons in the 
studied regions. This shows that the administration of the 
vitamin C and E antioxidants and the antioxidant containing 
Moringa oleifera and walnut oil extracts actually helped to curb 
the deleterious effects of the toxic cadmium. 

In fi gure 3, the lateral geniculate body cells of the group A 
(Normal control) animals at 400X magnifi cation showed the 
cell’s normal architecture. The pyramidal cells and stellate 
cells which are the predominant cells in this region were seen 
to be visibly intact and undergoing cell division. In fi gure 
4, neuronal cells of the group C (Vitamin E & C) animals at 
400X magnifi cation were seen to be intact with fi ne layered 
architecture (Pyramidal and stellate cells) and with visible 
cell regeneration occurring as some neuronal cells contained 
extended axons at their ends. This shows that the antioxidant 
activities of the vitamins are actively boosting the immunity of 
the cell in order to prevent or fi ght against oxidative stressors 
and damage. In fi gure 5, the neuronal cells of the group D 
(Vitamin C & E + cadmium) animals also shows the normal 
layered architecture, but, a few cells show signs of axonal 
degeneration indicating that apoptosis had occurred and 
presence of numerous cells with extended axonal ends indicate 
cell regeneration. This implies that the antioxidant properties 
of the vitamins actually curb the effects of the toxic cadmium. 
This however confi rms the suggestion of Peters et al., [41] that 
free radical scavengers and antioxidants, such as glutathione, 
vitamin E, and vitamin C are capable of protecting against 
cadmium toxicity [41].

In fi gures 6-8 the neuronal cells of the Group E (Cadmium 
+ Moringa oleifera seed oil), Group F (Cadmium + walnut oil) 
and Group G (Cadmium + walnut oil + Moringa oleifera seed 
oil) animals at 400X magnifi cation shows the normal layered 
architecture with visible pyramidal cells of the lateral geniculate 
body of the brain. Presence of a few shrunken pyknotic cells 
and signs of axonal degeneration indicate the occurrence 
of apoptosis. But presence of numerous cells with extended 
axonal ends indicates that cell regeneration also occurred after. 
This implies that the animal exposure to cadmium resulted in 
damage of the nerve cells and fi bres evident by the presence of 
senile plaques but the antioxidant activity of the Walnut and 
Moringa oleifera seed oil helped to minimize the damage caused 
by cadmium. Also, fi gure 8 (Group G) animals that were given 
a combination of both the walnut and Moringa oleifera seed oil 
showed better recovery as their cytoarchitecture was similar 
to the normal control group A animal (Figure 3) indicating 
that the strong scavenging activity of the antioxidant almost 
totally mopped up the free radicals in the cell and mediated cell 
regeneration. This thus confi rms the suggestion made by Law 
et.al [42], that antioxidants have therapeutic importance in 
neurological disorders where oxidative stress is involved [42].

Conclusions

In conclusion, in the present investigation, the vitamin C and 
E antioxidant contents of Moringa oleifera seed oil and walnut 
oil helped to curb the morphopathological changes caused by 
the cadmium induced damage to the lateral geniculate body of 
the rats’ brain. Also, the combined action of the antioxidant 
contents of both oils evidently attenuated the morphological 
changes induced by cadmium.
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