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Abstract 7 

The hippocampus is the part of the brain that is involved in memory formation, 8 

organization and storage, being a limbic system structure that is particularly important in forming 9 

new memories and connecting emotions and senses, such as smell and sound, to memories. 10 

Cadmium on the other hand is a metallic poison that affects the brain tissues as a whole 11 

producing seriously deleterious effects. It is believed that antioxidants could ameliorate the 12 

negative effects of toxic substances on body tissues. Since Moringa oleifera seed oil and 13 

Anacardium occidentale nut oil are natural edible oils which are greatly rich in antioxidants and 14 

medicinal phytochemicals, it is important to observe their potentials in helping the body to 15 

combat the effects of cadmium toxic effects particularly on the hippocampus. A total of 35 16 

juvenile male Wistar rats were used for the study. They were the rats were randomly grouped 17 

into seven A, B, C, D, E, F and G; each containing 5 animals. Group A, Group B and Group C 18 

animals were given 3mL3ml per kg body weight of 0.9% NaCl solution intraperitoneally for 19 

3weeks; toxicity of Cadmium was induced in each rat of in group B was induced 20 

intraperitoneally with a single dose of 2.5mg/kg body weight of 3CdSO4.8H2O intraperitoneally,, 21 

and in group C, each rat was given 5mg/kg body weight vitamin C dissolved in 0.9% NaCl 22 

solution along withand 6mg/kg body weight vitamin E dissolved in olive oil orally for 3 weeks. 23 

Group D animals were given 5mg/kg body weight vitamin C dissolved in 0.9% NaCl solution 24 

and 6mg/kg body weight vitamin E dissolved in olive oil orally for 3 weeks, after which each rat 25 

was induced intra-peritoneally with a single dose of 2.5mg/kg body weight of 3CdSO4.8H2O. 26 

Groups E, F and G were first given 2.5mg/kg body weight of 3CdSO4.8H2O, and after 48 hours, 27 

treatment began. Group E rats were treated with 4mg/kg body weight Moringa oleiferaOleifera 28 

seed oil each, group F rats were treated with 4mg/kg body weight Anacardium occidentale nut 29 

oil and group G rats were treated with 2mg/kg body weight Moringa oleiferaOleifera seed oil + 30 

2mg/kg body weight Anacardium occidentaleOccidentale nut oil. Cadmium intoxication has 31 

observable deleterious effects on brain tissues as a result of intra-peritoneal administration of 32 

cadmium sulphate. All agents used produced positive anti-cadmium effects, however to varying 33 

degrees. While all agents ameliorated the effects of cadmium on neuronal morphology and 34 

relative population cum distribution, Moringamoringa seed oil was the most potent in reducing 35 

the formation of senile plaques in the hippocampus. The potency combined effect of 36 

Moringamoringa oleifera seed oil and Anacardium occidentale nut oil in reducing or treating the 37 

oxidative damage caused by cadmium on the hippocampus is also observed. The natural oils 38 

were more potent than the selected regularly used antioxidants.  39 
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Introduction  43 

The hippocampus is believed to play important roles in several functions of the body. The 44 

hippocampus is the part of the brain that is involved in memory formation, organization and 45 

storage [1, 2].2]). Hippocampus is a limbic system structure that is particularly important in 46 

forming new memories and connecting emotions and senses, such as smell and sound, to 47 

memories. The hippocampus acts as a memory indexer by sending memories out to the 48 

appropriate part of the cerebral hemisphere for long-term storage and retrieving them when 49 

necessary [1, 2].2]). Cadmium on the other hand is a metallic poison that affects the brain tissues 50 

as a whole producing seriously deleterious effects. It is believed that antioxidants could 51 

ameliorate the negative effects of toxic substances on body tissues. Since Moringa oleifera seed 52 

oil and Anacardium occidentale nut oil are natural edible oils which are greatly rich in 53 

antioxidants and medicinal phytochemicals, it is important to observe their potentials in helping 54 

the body to combat cadmium toxic effects particularly on the hippocampus. 55 

The hippocampus is composed of multiple subfields. Though terminology varies among 56 

authors, the terms most frequently used are dentate gyrus and the cornu ammonis literally 57 

"Amun's horns", abbreviated CA. The dentate gyrus contains the fascia dentata and the hilus, 58 

while CA is differentiated into fields CA1, CA2, and CA3. The horse shoe appearance of the 59 

hippocampus is caused by cell density differentials and the existence of varying degrees of 60 

neuronal fibers. The CA regions are also structured depth-wise in clearly defined strata [3, 5]. 61 

The alveus is the deepest layer and contains the axons from pyramidal neurons, passing on 62 

towards the fimbria/fornix, one of the major outputs of the hippocampus. Stratum oriens is the 63 

next layer superficial to the alveus [5]. The cell bodies of inhibitory basket cells and horizontal 64 

trilaminar cells, named for their axons innervating the three layers-the oriens, pyramidal, and 65 

radiatum are located in this stratum [5]. The basal dendrites of pyramidal neurons are also found 66 

here, where they receive input from other pyramidal cells, septal fibers and commissural fibers 67 

from the contra lateral hippocampus usually recurrent connections, especially in CA3 and CA2 68 

regions [5].  69 

Stratum pyramidale contains the cell bodies of the pyramidal neurons, which are the 70 

principal excitatory neurons of the hippocampus. This stratum tends to be one of the more visible 71 

strata to the naked eye [5]. In region CA3, this stratum contains synapses from the mossy fibers 72 

that course through stratum lucidum. This stratum also contains the cell bodies of many 73 

interneurons, including axo-axonic cells, bistratified cells, and radial trilaminar cells. Stratum 74 

lucidum is one of the thinnest strata in the hippocampus and only found in the CA3 region. 75 

Mossy fibers from the dentate gyrus granule cells course through this stratum in CA3, though 76 

synapses from these fibers can be found in stratum pyramidale. Stratum radiatum like stratum 77 

oriens, contains septal and commissural fibers. It also contains Schaffer collateral fibers, which 78 

are the projection forward from CA3 to CA. Some interneurons that can be found in more 79 

superficial layers can also be found here, including basket cells, bistratified cells, and radial 80 

trilaminar cells. Stratum lacunosum is a thin stratum that too contains Schaffer collateral fibers, 81 

but it also contains perforant path fibers from the superficial layers of entorhinal cortex. Due to 82 

its small size, it is often grouped together with stratum moleculare into a single stratum called 83 

stratum lacunosum-moleculare. Stratum moleculare is the most superficial stratum in the 84 

hippocampus. Here the perforant path fibers form synapses onto the distal, apical dendrites of 85 

pyramidal cells. The hippocampal sulcus or fissure is a cell-free region that separates the CA1 86 

field from the dentate gyrus. Because the phase of recorded theta rhythm varies systematically 87 



through the strata, the fissure is often used as a fixed reference point for recording EEG as it is 88 

easily identifiable. 89 

The dentate gyrus is composed of a similar series of strata namely; Polymorphic layer is 90 

the deepest layer of the dentate gyrus and is often considered a separate subfield [5]. This layer 91 

contains many interneurons, and the axons of the dentate granule cells pass through this stratum 92 

on their way to CA3 [5]. Stratum granulosum contains the cell bodies of the dentate granule 93 

cells. Stratum moleculare, outer third is where both commissural fibers from the contralateral 94 

dentate gyrus run and form synapses as well as where inputs from the medial septum terminate 95 

on the proximal dendrites of the granule cells [6]. Stratum moleculare, external two thirds is the 96 

deepest of the strata, sitting just superficial to the hippocampal fissure across from stratum 97 

moleculare in the CA fields. The perforant path fibers run through this stratum, making 98 

excitatory synapses with the distal apical dendrites of granule cells [6]. 99 

Cadmium is a soft, malleable, ductile, bluish-white divalent metal. It is similar in many 100 

respects to zinc but forms complex compounds [7]. Unlike other metals, cadmium is resistant to 101 

corrosion and as a result it is used as a protective layer when deposited on other metals. As a 102 

bulk metal, cadmium is insoluble in water and is not flammable; however, in its powdered form 103 

it may burn and release toxic fumes [8].  Cadmium cannot penetrate the adult blood brain barrier 104 

(BBB), although it might diffuse across the BBB with the help of a vehicle such as ethanol [9]. 105 

Cadmium can more effectively pass the BBB during the developmental stage in an organism and 106 

is more toxic in newborns [10, 11]. Cadmium has an LD50 of 5.7mg/Kg per body weight 107 

intraperitoneally on rats and once inside, it accumulates in different areas of the brain, induces 108 

lipid peroxidation and weakens the antioxidative defense [10, 12]. In battery workers Cd-induced 109 

oxidative stress was demonstrated to cause amyotrophic lateral sclerosis due to reduced brain 110 

SOD activity. Cadmium (0.4 mg CdAc2/kg body weight) injected intraperitoneally to young 111 

albino rats for 30 days generated free radicals in the brain causing region-specific membrane 112 

changes, which in turn led to significant alterations in membrane fluidity, intracellular Calcium 113 

concentrations and phospholipid composition [13]. It also resulted in a decreased GSH/GSSG 114 

ratio as well as activities of GR (glutathione reductase) and glucose-6-phospate-dehydrogenase 115 

(G6PDH) in various brain regions, although the decrease in GSH/GSSG was not seen in the 116 

hippocampus and midbrain [14]. Cadmium-induced oxidative damage also induced enhanced 117 

lipid peroxidation and protein carbonylation in male Swiss albino mice that received 4 mg 118 

CdCl2/kg body weight orally for three days [10]. The oxidative impairment was characterised by 119 

increased ROS (reactive oxygen species) production, reduction of total thiols and the GSH pool 120 

together with an increase in GSSG level. In addition, also activities of antioxidant enzymes such 121 

as SOD, CAT, GST, GR, GPx and G6PDH were diminished. The authors also showed the 122 

protective abilities of taurine (single oral dose of 100 mg/kg body weight for five days before Cd 123 

treatment) and vitamin C (single oral dose of 100 mg/kg body weight for five days before Cd 124 

treatment) against oxidative impairment in brain tissue caused by Cd [10]. 125 

Moringa oleifera (Moringa) is a rich source of antioxidant [15] and has an LD50 of 340 – 126 

400mg/Kg body weight intraperitoneally on rats [15]. It has been reported that aqueous extracts 127 

of leaf, fruit and seed of Moringa act as an antioxidant. During a study reporting antioxidant 128 

property of freeze dried Moringa leaves from different extraction procedures, it was found that 129 

methanol and ethanol extracts of Indian origin Moringa have the highest antioxidant activity 130 

with 65.1 and 66.8%, respectively [16, 17].[16]; Siddhuraju and Becker, 2003[17]). It was also 131 

reported that the major bioactive compounds of phenolics, such as quercetin and kaempferol are 132 

responsible for antioxidant activity [17].; Siddhuraju and Becker, 2003[17]). During another 133 



study, quercetin and kaempferol have shown good antioxidant activity on hepatocyte growth 134 

factor (HGF) induced methionine phosphorylation with IC50 value for 12 and ~6 µM/L, 135 

respectively. Another recent study comparing palm oil with Moringa seeds for their antioxidant 136 

potential found out that Moringa seed are superiors for radical scavenging [18].(Ogbunugafor et 137 

al., 2011 [18]). 138 

The antioxidant properties and the effect on nitric oxide (NO) production of various 139 

extracts of the leaves of Anacardium occidentale have been reported. The result suggested that 140 

the leaves of A. occidentale are a potent source of natural antioxidants [19].(Jaiswal et al 2010 141 

[19]). Cashew nut oil has an LD50 of 1230mg/kg body weight on rats intraperitoneally 142 

[19].(Jaiswal et al 2010 [19]). Effects of immature cashew nut-shell liquid (Anacardium 143 

occidentale) against oxidative damage in Saccharomyces cerevisiae and inhibition of 144 

acetylcholinesterase activity were reported. A study showed immature cashew nut shell liquid 145 

(iCNSL), a source of unsaturated long-chain phenols, and may have a potential role in protecting 146 

DNA against oxidative damage [20].(Isao, 2005 [20]). 147 

The current study is an attempt to investigate the potential ameliorative effects of the two 148 

oils- Anacardium occidentale nut oil and Moringa oleifera seed oil, on cadmium toxicity in the 149 

hippocampus of the brain using histological and histochemical procedures of demonstration and 150 

analysis. Results from this investigation would help to examine further the possible use of the 151 

natural anti-oxidants-rich edible oils in combating toxic effects of substances on the brain. It will 152 

also provide information to users of the oils on its effects on the brain tissues- particularly the 153 

hippocampus. Very importantly, results would contribute greatly to knowledge in the fields of 154 

toxicology and phytomedicine, as well as several other several biomedical sciences.  155 

 156 

Materials and Methods 157 

  Moringa seed, 2000g, was produced from kuchikau town, Nassarawa state, Nigeria. 158 

2000g of the powdered Moringa oleifera seed-oil was extracted by the following procedure. The 159 

seeds were heated inside an oven at temperature of 40°C400C and were later pounded with 160 

mortar and pestle to separate the chaff from the seeds. Finally the seed extract was grinded into 161 

powder with a grinding mill. The powdered extract of Moringa oleifera seed was dissolved in 162 

400mL400ml of water at ambient temperature for two days and was later filtered. The aqueous 163 

extract was poured into molten mesh and was placed on an oil extractor machine, seed oil was 164 

removed at high temperature and pressure and oil extract was kept at -20°C-200C before 165 

administration. 2000g of Cashew nut was produced from kuchikau town, Nassarawa state, 166 

Nigeria. 2000g of the powdered Cashew nut-oil was extracted by the following procedure. The 167 

seeds were heated inside an oven at temperature of 40°C400C and the seed extract was grinded 168 

into powder with a grinding mill. The extract was poured into molten mesh and was placed on oil 169 

extractor machine, seed oil was removed at high temperature and pressure and oil extract was 170 

kept at -20°C-200C before administration. 171 

 The Cadmium Sulphate solution was prepared by dissolving the Cadmium Sulphate salt 172 

in normal saline solution. The Ascorbic acid (Vitamin C) was dissolved in normal saline solution 173 

and the Vitamin E (tocopherol) was dissolved in olive oil. All other chemicals were of the 174 

highest purity commercially available. The Cadmium Sulphate was administered at sub lethal 175 

dose according to the body weights of the rats intraperitoneally using insulin syringes. The 176 

Ascorbic acid and Alpha Tocopherol were administered orally using an oral cannula with a ball 177 

point at the tip. 178 



 A total of 35 juvenile male Wistar rats (100-200g) were used for the study. They were 179 

maintained under standard laboratory condition in the animal house (National Academy Press, 180 

1996) the rats were randomly grouped into seven A, B, C, D, E, F and G, each containing 5 181 

animals. Group A, Group B  and Group C  animals were given 3mL3ml per kg body weight of 182 

0.9% NaCl solution intraperitoneally for 3weeks; toxicity of Cadmium was induced in each rat 183 

of in group B was induced intraperitoneally with a single dose of 2.5mg/kg body weight of 184 

3CdSO4.8H2O intraperitoneally,, and in group C, each rat was given 5mg/kg body weight 185 

vitamin C dissolved in 0.9% NaCl solution and 6mg/kg body weight vitamin E dissolved in olive 186 

oil orally for 3 weeks. Group D animals were given 5mg/kg body weight vitamin C dissolved in 187 

0.9% NaCl solution and 6mg/kg body weight vitamin E dissolved in olive oil orally for 3 weeks, 188 

after which each rat was induced intraperitoneally with a single dose of 2.5mg/kg body weight of 189 

3CdSO4.8H2O, and after 48 hours, the rats were sacrificed. Groups E, F and G were were first 190 

induced intraperitoneally with 2.5mg/kg body weight of 3CdSO4.8H2O, and after 48 hours, 191 

treatment began. Group E rats were treated with 4mg/kg body weight Moringa oleiferaOleifera 192 

seed oil each, group F rats were treated with 4mg/kg body weight Anacardium 193 

occidentaleOccidentale nut oil and group G rats were treated with 2mg/kg body weight Moringa 194 

oleiferaOleifera seed oil + 2mg/kg body weight Anacardium occidentaleOccidentale nut oil. 195 

  The animals were treated as for three (3) weeks; twenty four hours after the last 196 

administration, the rats were sacrificed by cervical dislocation. The skulls of the rats were then 197 

fractured open with forceps, the brains were removed into specimen bottles containing 40% 198 

formal calcium solution for histological and immunohistochemical analyses. Ethical approval to 199 

conduct research was obtained from the Department of Anatomy, Bingham University, Nigeria.  200 

  201 

Table 1: Grouping of Animals 202 

Grou
p 

Substance Administration  

A  3mL3ml of 0.9% NaCl solution per kg b.w.bw 
B  Single dose of 2.5mg/kg bw 3CdSO4.8H2O 
C  5mg/kg b.w.bw Vit. C + 6mg/kg b.w.bw Vit. E 
D  5mg/kg b.w.bw Vit. C + 6mg/kg b.w.bw Vit. E + single dose 2.5mg/kg b.w.bw 

3CdSO4.8H2O 
E  4mg/kg b.w.bw of Moringa oleiferaOleifera seed oil 
F  4mg/kg b.w.W of Anacardium occidentaleOccidentale nut oil 
G  2mg/kg b.w.bw of Moringa oleiferaOleifera seed oil + 2mg/kg b.w.bw of 

Anacardium occidentaleOccidentale nut oil 
 203 

 204 

  205 



Results 206 

207 

 208 

 209 
Figure A1: Histological demonstration of the frontal 210 
cortex tissue using the H&E staining technique 211 
[x400] showing normal neurons, glia and neuropil.   212 

 213 

 214 

 215 

Figure A2: Histological demonstration using the  216 
Cresyl Fast Violet staining technique [x400]; 217 
showing numerous pyramidal cells and stellate cells 218 
as well as glia with normal morphology and normal 219 
pattern of distribution. Neuropil also appears normal 220 
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 223 

Figure A3: Histochemical demonstration of the 224 
frontal cortex tissue, using the Bielschowsky staining 225 
technique [x400] showing quite few senile plaques 226 
typical of a normal tissue. 227 
 228 

 229 
Figure A4: Histochemical demonstration of 230 
Cathepson D expression [x400]; showing nromal 231 
expression of Cathepson D in frontal cortex tissue 232 

 233 

 234 

 235 

Figure A5: Histochemical demonstration of p53 236 
expression [x400]; showing moderate expression of 237 
p53 in frontal cortex tissue. 238 

 239 

GROUP A 240 

Photomicrographs of the hippocampus of 241 

experimental animals administered 3ml of 242 

0.9% NaCl solution per kg body weight as 243 

the control [N= Neurons; G = Glia; Senile 244 

plaque in being encircled]. 245 

 246 

 247 

 248 

Figure B1: Histological demonstration of the frontal 249 
cortex tissue of Group B animals using the H&E 250 
staining technique [x400] showing areas of clustered 251 
neurons with heterogeneous appearance.   252 
 253 
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 255 

Figure B2: Histological demonstration using the 256 
Cresyl Fast Violet staining technique [x400]; 257 
showing differential pattern of distribution of  258 
neurons and glia; area of densely packed 259 
predominantly pyramidal neurons and another area of 260 
prominent glia- predominantly astrocytes. 261 
  262 

 263 

 264 

Figure B3: Histochemical demonstration of the 265 
frontal cortex tissue, using the Bielschowsky staining 266 
technique [x400] showing quite numerous senile 267 
plaques of various and randomly distributed. 268 

 269 

 270 

 271 

Figure B4: Histochemical demonstration of 272 
Cathepson D expression [x400]; showing quite 273 
expression of Cathepson D in glia and relatively low 274 
expression in neurons. 275 
 276 
 277 
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 279 

Figure B5: Histochemical demonstration of p53 280 
expression [x400]; neurons take on unusual 281 
morphology and pattern of p53 expression in the 282 
frontal cortex tissue. 283 

 284 

GROUP B  285 

Photomicrographs of experimental animals 286 

administered a single dose of 2.5mg/kg body 287 

weight of 3CdSO4.8H2O at the onset of 288 

experiment [N= Neurons; G = Glia; Senile 289 

plaque in being encircled] 290 

 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

Figure C1: Histological demonstration of the frontal 303 
cortex tissue using the H&E staining technique 304 
[x400] showing normal neuron morphology and 305 
pattern of distribution; glia and neuropil. 306 

 307 

 308 

 309 

Figure C2: Histological demonstration using the 310 
Cresyl Fast Violet staining technique [x400]; 311 
showing numerous neurons as well as glia with 312 
normal morphology and normal pattern of 313 
distribution. Neuropil also appears normal. 314 
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 316 

 317 

Figure C3:  Histochemical demonstration of the 318 
frontal cortex tissue, using the Bielschowsky staining 319 
technique [x400] showing relatively few senile 320 
plaques. 321 

 322 

 323 

Figure C4: Histochemical demonstration of 324 
Cathepson D expression [x400]; showing relatively 325 

normal expression of Cathepson D in frontal cortex 326 
tissue 327 
 328 
 329 

 330 

 331 

Figure C5: Histochemical demonstration of p53 332 
expression [x400]; showing relatively moderate 333 
expression of p53 in the frontal cortex tissue. 334 

 335 

 336 

GROUP C 337 

Photomicrographs of the hippocampus of 338 

experimental animals administered 5mg/kg 339 

body weight Vit. C + 6mg/kg body weight 340 

Vit. E throughout the duration of experiment 341 

[N= Neurons; G = Glia; Senile plaque in 342 

being encircled] 343 
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 354 

 355 

Figure D1: Histological demonstration of the frontal 356 
cortex tissue using the H&E staining technique 357 
[x400] showing heterogeneous neuron morphology  358 
 359 

 360 

 361 

Figure D2: Histological demonstration using the 362 
Cresyl Fast Violet staining technique [x400]; 363 
showing heterogeneous neuron morphology and 364 
prominent astrocytes  365 
 366 

 367 

 368 

Figure D3: Histochemical demonstration of the 369 
frontal cortex tissue, using the Bielschowsky staining 370 
technique [x400] showing quite large senile plaques. 371 
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 373 

 374 

Figure D4: Histochemical demonstration of 375 
Cathepson D expression [x400]; showing 376 
heterogeneous neuron morphology and expression of 377 
Cathepson D. 378 
 379 

 380 

 381 

Figure D5: Histochemical demonstration of p53 382 
expression [x400]; neurons take on heterogenous 383 
morphology and relatively higher p53 expression in 384 
the neurons.  385 

 386 

GROUP D  387 

Photomicrographs of the hippocampus of 388 

experimental animals administered 5mg/kg 389 

body weight Vit. C + 6mg/kg bw Vit. E + 390 

single dose 2.5mg/kg body weight 391 

3CdSO4.8H2O [N= Neurons; G = Glia; 392 

Senile plaque in being encircled] 393 
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 402 

Figure E1: Histological demonstration of the 403 
hippocampus using the H&E staining technique 404 
[x400] showing neurons and glia 405 
 406 

 407 

 408 

Figure E2: Histological demonstration using the  409 
Cresyl Fast Violet staining technique [x400]; 410 
showing numerous neurons as well as glia with 411 
normal morphology and normal pattern of 412 
distribution with normal neuropil 413 
 414 

 415 

 416 

Figure E3: Histochemical demonstration of the 417 
hippocampus tissue, using the Bielschowsky staining 418 
technique [x400] showing quite few and small senile 419 
plaques 420 
 421 
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 423 

Figure E4: Histochemical demonstration of 424 
Cathepson D expression [x400]; showing areas of 425 
enhanced expression of Cathepson D in frontal cortex 426 
tissue 427 
 428 

 429 

 430 

Figure E5: Histochemical demonstration of p53 431 
expression [x400]; neurons express p53 relatively 432 
moderately  433 

GROUP E  434 

Photomicrographs of the hippocampus of 435 

experimental animals administered 4mg/kg 436 

body weight of Moringa oleifera seed oil 437 

throughout the duration of experiment 438 

 439 
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 443 

 444 

Figure F1: Histological demonstration of the frontal 445 
cortex tissue using the H&E staining technique 446 
[x400]; neurons and glia are observable 447 

 448 

 449 

 450 

Figure F2: Histological demonstration using the  451 
Cresyl Fast Violet staining technique [x400]; neurons 452 
and glia are observable and prominent 453 
 454 

 455 

 456 

Figure F3: Histochemical demonstration of the 457 
frontal cortex tissue, using the Bielschowsky staining 458 
technique [x400] showing relatively abundant senile 459 
plaques. 460 
 461 
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 467 

Figure F4: Histochemical demonstration of 468 
Cathepson D expression [x400]; showing highly 469 
enhanced expression of Cathepson D in the neurons  470 

 471 

 472 

 473 

Figure F5: Histochemical demonstration of p53 474 
expression [x400]; neurons p53 expression in the 475 
cells is barely observable. 476 

 477 
GROUP F 478 

Photomicrographs of the hippocampus of 479 

experimental animals administered 4mg/kg 480 

b.w.W of Anacardium  occidentale nut oil 481 

throughout the duration of experiment 482 
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 497 

 498 

Figure G1:  Histological demonstration of the 499 
hippocampus tissue using the H&E staining 500 
technique [x400]; neurons and glia are observable 501 
and prominent 502 
 503 
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 505 

Figure G2: Histological demonstration using the 506 
Cresyl Fast Violet staining technique [x400]; 507 
showing closely packed relatively large  neurons 508 
 509 

 510 

 511 

Figure G3: Histochemical demonstration of the 512 
frontal cortex tissue, using the Bielschowsky staining 513 
technique [x400] showing relatively few small-sized 514 
senile plaques. 515 
 516 

 517 

 518 

Figure G4: Histochemical demonstration of 519 
Cathepson D expression [x400]; showing relatively 520 
enhanced expression of Cathepson D especially in the 521 
glia 522 
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 525 

Figure G5: Histochemical demonstration of p53 526 
expression [x400]; p53 expression in neurons and 527 
glia is barely observable.  528 

 529 

GROUP G  530 

Photomicrographs of the hippocampus of 531 

experimental animals administered 2mg/kg 532 

body weight of Moringa oleifera seed oil + 533 

2mg/kg body weight of Anacardium 534 

occidentale nut oil throughout the duration of 535 

experiment 536 

 537 
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Discussion  541 

The present study evaluated the nature of a one-time single dose cadmium poisoning 542 

effects on the hippocampus of experimental animals; it also examined the individual effects of 543 

each of the oils-   Moringa oleifera seed oil and Anacardium occidentale oil in ameliorating or 544 

neutralising such effects. The possible combined ameliorative effects of Moringa oleifera seed 545 

oil and Anacardium occidentale nut oil extracts on the destructive effects of cadmium on the 546 

hippocampus was also examined. The histological results showed that the control group A 547 

animals have normal features of a hippocampal tissue. Neurons and glia have normal 548 

morphology, characteristic of normal tissues. The expressions of Cathepsin D and p53 were also 549 

quite moderate and normal. These features could serve as adequate references with respect to 550 

other animal groups. 551 

In group B which consists of animals induced with only cadmium showed features of 552 

deleterious effects of cadmium on the tissues. Heterogeneous morphology of neurons as well and 553 

unusually prominent glia- especially astrocytes are indications of toxic effects of cadmium on the 554 

tissue. More so, there could have been localized rather than randomly distributed damage of 555 

tissue damage as observed in Figure B2. Numerous senile plaques,plaque, quite more than usual 556 

for a normal tissue also support evidences of tissue damage. Glia expressed Cathepsin D quite 557 

prominently and at a quite high level; this also suggests the possibility of astrocytes reaction to 558 

the toxic effects of the substance on the tissue. The pattern of p53 expression was quite unusual 559 

and unconventional in Group B. All evidences- histological and histochemical, point to the toxic 560 

effects of the administered 3CdSO4.8H2O on the hippocampus.  This supports existing evidences 561 

of cellular destructive effects of cadmium; it has already been documented that cadmium causes 562 

cellular destruction, even cellular death at high concentration [21].  563 

Animals in group C which were treated with 5mg/kg body weight Vitamin C and 6mg/kg 564 

body weight Vitamin E showed normal features of a hippocampal tissue. The hippocampus is 565 

well populated by neurons and glia which are also normal in morphology. Relative to the control, 566 

the expressions of p53 and Cathepsin D are adequate and normal. Senile plaques are also few 567 

and do not show any characteristic of anomaly relative to the control. Vitamin E has potential to 568 

protect critical cellular structures against damage caused by oxygen free radicals and reactive 569 

products of lipid peroxidation; lipid peroxidation is prevented by vitamin E  [22].  570 

 571 

Animals in group D which were treated with 5mg/kg body weight Vitamin C and 6mg/kg 572 

body weight Vitamin E and single dose 2.5mg/kg body weight 3CdSO4.8H2O, showed signs of 573 

altered hippocampal tissues due to toxic effects of cadmium. Neurons and glia are observable; 574 

neurons are however unusually heterogeneous and this suggests uncorrected effects of cadmium 575 

assault. The abnormally large senile plaques also point to tissue damage with serious molecular 576 

consequence. While the expression of Cathepson D might be low, that of p53 is pronounced. 577 

Neuron morphology show little improvement over the untreated case in Group D; it is however 578 

obvious that it is not a case of complete correction or healing of the effects of cadmium 579 

intoxication. 580 

Animals in group E which were induced with cadmium but treated with 2mg/kg body 581 

weight of Moringa oleifera seed oil showed improvement in cytoarchitecture of the 582 

hippocampus. Neurons and glia as well as the neuropil are preserved and observable. Cathepson 583 

D is however prominently expressed relative to the Group D especially that were treated with 584 

selected anti-oxidants, as well as the control Group. It is important to note that there are quite 585 



few and less prominent senile plaques. It is clear that there is an improvement in this tissue over 586 

the untreated Group B. It also appears that the extent of damages that lead to the formation of 587 

plaques is being greatly limited in this particular group. The heterogeneity of neuronal 588 

morphology is reduced [Figure E] relative to Group B [Figure B]. There are evidences that 589 

Moringa oleifera seed oil effects against cadmium toxicity could have limited the extent of 590 

damage; also, the consequence is that excessive development of plaques as a result of such 591 

damage is prevented [especially when compared with the untreated Group B]. In terms of 592 

potency against the formation of plaques, Moringa seed oil appears better than the selected 593 

antioxidants in terms of prevention of excessive plaque formation. These features might be due 594 

to vitamin A, vitamin C, vitamin E and oxalic acid [23]. These constituents are said to have 595 

antioxidant effect, thus ability to remove superoxide and oxygen free radicals that are usually 596 

implicated in tissue destruction. Ascorbic acid acts as a powerful hydrosoluble antioxidant in 597 

biological fluids; and Moringa oliefera contains it.  598 

The group F animals which were induced with cadmium but treated with 2mg/kg body 599 

weight of Anacardium occidentale nut extract, showed cytoarchitecture of the hippocampal 600 

tissue almost similar to those seen in group E animals which were induced with cadmium and 601 

treated with Moringamoringa oleifera. Neurons and glia are preserved. Cathepson D is highly 602 

expressed; senile plaques are relatively smaller than in the untreated Group B, but more 603 

prominent than that of the Group E treated with Moringa oleifera seed oil.  This is also 604 

expectedly due to its natural antioxidant property [19]. Study showed that immature cashew nut-605 

shell liquid (iCNSL), a source of unsaturated long-chain phenols, and may have a potential role 606 

in protecting against oxidative damage [20].  607 

The group G which were induced with cadmium and treated with both 2mg/kg body 608 

weight of Moringamoringa oleifera seed oil and 2mg/kg body weight of Anacardium 609 

occidentale, showed cytoarchitecture of the hippocampal tissue almost similar to those seen in 610 

group E and F animals due to their antioxidant properties but with more complete tissue repairs 611 

and regeneration. Neurons and glia are well preserved and they are prominent and well 612 

distributed. Senle plaques are very few and less prominent in a manner similar to the Group D 613 

treated with Moringamoringa seed oil only. This suggests that the Moringamoringa seed oil 614 

might be more potent in preventing the ecxessive of formation of these plaques- more that other 615 

agents used. The combined effects of both oils in preserving neurons morpholgy however show 616 

possiblity of greater potency 617 

Generally, cells in the hippocampus manifested some cadmium-induced changes ranging 618 

from altered morphology and population densities as well as the cell’s relative distribution. This 619 

implies that the activity of the hippocampus in memory formation and learning will be impaired 620 

and the role of the hippocampus that involved storage and retrieval of information will also be 621 

compromised. Antioxidants exhibit positive effects that could meliorate the damaging effects of 622 

cadmium on the hippocampus as seen in this investigation. The natural oils show improvement 623 

over the selected regularly used anti-oxidants, especially in limiting the extents of damage and 624 

the consequences in the hippocampus. Moringa seed oil produced better prevention of plaques 625 

especially, relative to Anacardium occidentale. It will be important to examine the roles of other 626 

active phytochemicals in these oils in the differential potencies of the oils, as well as the 627 

mechanism of the effects. 628 

 629 

 630 



 631 

Conclusion 632 

It can be concluded from the present study that cadmium intoxication has observable deleterious 633 

effects on brain tissues as a result of intra-peritoneal administration of cadmium sulphate. All 634 

agents used produced positive anti-cadmium effects, however to varying degrees. While all 635 

agents ameliorated the effects of cadmium on neuronal morphology and relative population cum 636 

distribution, Moringamoringa seed oil was the most potent in reducing the formation of senile 637 

plaques in the hippocampus. The potency combined effect of Moringamoringa oleifera seed oil 638 

and Anacardium occidentale nut oil in reducing or treating the oxidative damage caused by 639 

cadmium on the hippocampus is also observed. The natural oils were more potent than the 640 

selected regularly used antioxidants.  641 

 642 
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