O o0 O ULl b WN -

Y
U D WNERO

16
17 |
18
19
20
21
22
23 |
24
25
26
27
28 |
29
30
31
32
33
34
35 |
36
37 |
38
39
40

41 |
42

Original research paper

HISTOLOGICAL AND HISTOCHEMICAL EVALUATION OF ANTI-CADMIUM
TOXICITY EFFECTS ORMORINGA OLEIFERAEED OIL ANDANACARDIUM
OCCIDENTALENUT OIL IN THE HIPPOCAMPUS OF JUVENILE MALE WISTARATS

Abstract

The hippocampus is the part of the brain that mgolved in memory formation,
organization and storage, being a limbic systencaire that is particularly important in forming
new memories and connecting emotions and sensels, asismell and sound, to memories.
Cadmium on the other hand is a metallic poison Hff¢cts the brain tissues as a whole
producing seriously deleterious effects. It is &edd that antioxidants could ameliorate the
negative effects of toxic substances on body tss&nceMoringa oleifera seed oil and
Anacardium occidentalaut oil are natural edible oils which are greatth in antioxidants and
medicinal phytochemicals, it is important to obsetheir potentials in helping the body to
combat the effects of cadmium toxic effects paléidy on the hippocampus. A total of 35
juvenile male Wistar rats were used for the stuldyeyrwere-therats were randomly grouped
into seven A, B, C, D, E, F and G; each contairirgnimals. Group A, Group B and Group C
animals were giver3smL3ml per kg body weight of 0.9% NaCl solution intrapameally for
3weeks; toxicity of Cadmium was induced ireach ratof i—group B was—indueed
intraperitonealywith a single dose of 2.5mg/kg body weight of 3Cd8&,0 intraperitoneally,
and in group C, each rat was given 5mg/kg body kteigtamin C dissolved in 0.9% NaCl
solutionalong witkernd 6mg/kg body weight vitamin E dissolved in olivé orally for 3 weeks.
Group D animals were given 5mg/kg body weight vital@ dissolved in 0.9% NaCl solution
and 6mg/kg body weight vitamin E dissolved in oloikorally for 3 weeks, after which each rat
was induced intra-peritoneally with a single dose2 &mg/kg body weight of 3CdS@H,0.
Groups E, F and G were first given 2.5mg/kg bodygiveof 3CdSQ.8H,0, and after 48 hours,
treatment began. Group E rats were treated with/ignigody weightMoringa oleiferableifera
seed oil each, group F rats were treated with 4gngidy weightAnacardiumoccidentalenut
oil and group G rats were treated with 2mg/kg badyght Moringa oleifera®leieraseed oil +
2mg/kg body weightAnacardiumoccidental®eeidentalenut oil. Cadmium intoxication has
observable deleterious effects on brain tissuea eesult of intra-peritoneal administration of
cadmium sulphate. All agents used produced posantecadmium effects, however to varying
degrees. While all agents ameliorated the effe€tsadmium on neuronal morphology and
relative population cum distributiodoringamerirgaseed oil was the most potent in reducing
the formation of senile plaques in the hippocamplike potency combined effect of
Moringameringaoleiferaseed oil andnacardiumoccidentalenut oil in reducing or treating the
oxidative damage caused by cadmium on the hippogangalso observed. The natural oils
were more potent than the selected regularly ustdxadants.

Key Words: Hippocampus, Cadmiuwxicity, Fexieity; Antioxidants,Moringa oleifera,
Anacardium occidentale
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Introduction

The hippocampus is believed to play important raleseveral functions of the body. The
hippocampus is the part of the brain that is ingdlvn memory formation, organization and
storage[1, 2].2})- Hippocampus is a limbic system structure thatastipularly important in
forming new memories and connecting emotions antses such as smell and sound, to
memories. The hippocampus acts as a memory indexesending memories out to the
appropriate part of the cerebral hemisphere fogHf®mm storage and retrieving them when
necessaryl, 2].2})- Cadmium on the other hand is a metallic poisohdfacts the brain tissues
as a whole producing seriously deleterious effetitsis believed that antioxidants could
ameliorate the negative effects of toxic substamrebody tissues. Sinddoringa oleifera seed
oil and Anacardium occidentalenut oil are natural edible oils which are greatlgh in
antioxidants and medicinal phytochemicals, it iparant to observe their potentials in helping
the body to combat cadmium toxic effects partidylan the hippocampus.

The hippocampus is composed of multiple subfieldsough terminology varies among
authors, the terms most frequently used are dempates and the cornu ammonis literally
"Amun’s horns", abbreviated CA. The dentate gyrmstains the fascia dentata and the hilus,
while CA is differentiated into fields CAl, CA2, @rCA3 The horse shoe appearance of the
hippocampus is caused by cell density differentaisl the existence of varying degrees of
neuronal fibers. The CA regions are also structwepth-wise in clearly defined strdta 5].
The alveus is the deepest layer and contains tbasakom pyramidal neurons, passing on
towards the fimbria/fornix, one of the major outpuaif the hippocampus. Stratum oriens is the
next layer superficial to the alve(is]. The cell bodies of inhibitory basket cells andibantal
trilaminar cells, named for their axons innervatihg three layers-the oriens, pyramidal, and
radiatum are located in this stratdid. The basal dendrites of pyramidal neurons arefalsod
here, where they receive input from other pyramaddls, septal fibers and commissural fibers
from the contra lateral hippocampus usually recuros®nnections, especially in CA3 and CA2
regions p].

Stratum pyramidale contains the cell bodies of plygamidal neurons, which are the
principal excitatory neurons of the hippocampugsHtratum tends to be one of the more visible
strata to the naked ey®]. In region CAS3, this stratum contains synapsemftbe mossy fibers
that course through stratum lucidum. This stratuso acontains the cell bodies of many
interneurons, including axo-axonic cells, bistiatf cells, and radial trilaminar cells. Stratum
lucidum is one of the thinnest strata in the higpopus and only found in the CA3 region.
Mossy fibers from the dentate gyrus granule ceadlsree through this stratum in CA3, though
synapses from these fibers can be found in strggwamidale. Stratum radiatum like stratum
oriens, contains septal and commissural fiberalslh contains Schaffer collateral fibers, which
are the projection forward from CA3 to CA. Someemteurons that can be found in more
superficial layers can also be found here, inclgdiasket cells, bistratified cells, and radial
trilaminar cells. Stratum lacunosum is a thin stnatthat too contains Schaffer collateral fibers,
but it also contains perforant path fibers from siperficial layers of entorhinal cortex. Due to
its small size, it is often grouped together wittatsim moleculare into a single stratum called
stratum lacunosum-moleculare. Stratum molecularghés most superficial stratum in the
hippocampus. Here the perforant path fibers formapges onto the distal, apical dendrites of
pyramidal cells. The hippocampal sulcus or fissara cell-free region that separates the CA1
field from the dentate gyrus. Because the phaseadrded theta rhythm varies systematically
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through the strata, the fissure is often used fased reference point for recording EEG as it is
easily identifiable.

The dentate gyrus is composed of a similar sefistrata namely; Polymorphic layer is
the deepest layer of the dentate gyrus and is aftesidered a separate subfigdfl. This layer
contains many interneurons, and the axons of theatkeegranule cells pass through this stratum
on their way to CA35]. Stratum granulosum contains the cell bodies ef dantate granule
cells. Stratum moleculare, outer third is wherehbcommissural fibers from the contralateral
dentate gyrus run and form synapses as well asewhputs from the medial septum terminate
on the proximal dendrites of the granule cgils Stratum moleculare, external two thirds is the
deepest of the strata, sitting just superficialthe hippocampal fissure across from stratum
moleculare in the CA fields. The perforant pathefg run through this stratum, making
excitatory synapses with the distal apical denslritegranule cell§5].

Cadmium is a soft, malleable, ductile, bluish-whdtealent metal. It is similar in many
respects to zinc but forms complex compoudsUnlike other metals, cadmium is resistant to
corrosion and as a result it is used as a proeddéiyer when deposited on other metals. As a
bulk metal, cadmium is insoluble in water and i$ fteammable; however, in its powdered form
it may burn and release toxic fun@&s. -Cadmium cannot penetrate the adult blood braindyarr
(BBB), although it might diffuse across the BBB kvihe help of a vehicle such as ethai®él
Cadmium can more effectively pass the BBB durirggdbvelopmental stage in an organism and
is more toxic in newborn§l0, 11] Cadmium has an Ldg of 5.7mg/Kg per body weight
intraperitoneally on rats and once inside, it acalates in different areas of the brain, induces
lipid peroxidation and weakens the antioxidativéedse[10, 12] In battery workers Cd-induced
oxidative stress was demonstrated to cause amyuntrdgieral sclerosis due to reduced brain
SOD activity. Cadmium (0.4 mg CdAc2/kg body weight)ected intraperitoneally to young
albino rats for 30 days generated free radicalhenbrain causing region-specific membrane
changes, which in turn led to significant alteraion membrane fluidity, intracellular Calcium
concentrations and phospholipid compositja]. It also resulted in a decreased GSH/GSSG
ratio as well as activities of GR (glutathione reihse) and glucose-6-phospate-dehydrogenase
(G6PDH) in various brain regions, although the dase in GSH/GSSG was not seen in the
hippocampus and midbraii4]. Cadmium-induced oxidative damage also inducechrecdd
lipid peroxidation and protein carbonylation in mabwiss albino mice that received 4 mg
CdCl2/kg body weight orally for three days)|. The oxidative impairment was characterised by
increased ROS (reactive oxygen species) produatastuction of total thiols and the GSH pool
together with an increase in GSSG level. In addjtadso activities of antioxidant enzymes such
as SOD, CAT, GST, GR, GPx and G6PDH were diminisiidee authors also showed the
protective abilities of taurine (single oral do$el60 mg/kg body weight for five days before Cd
treatment) and vitamin C (single oral dose of 10§kg body weight for five days before Cd
treatment) against oxidative impairment in bragstie caused by CiO].

Moringa oleifera(Moringa) is a rich source of antioxidafit5] and has an LE3 of 340 —
400mg/Kg body weight intraperitoneally on r@i$]. It has been reported that aqueous extracts
of leaf, fruit and seed d¥loringaact as an antioxidant. During a study reportingoardant
property of freeze drieoringaleaves from different extraction procedures, isvi@und that
methanol and ethanol extracts of Indian origioringahave the highest antioxidant activity

with 65.1 and 66.8%, respectivdlis, 17]{16}-Siddhuraju—and-Becker,—208F)- It was also

reported that the major bioactive compounds of phesy such as quercetin and kaempferol are

responsible for antioxidant activitil 7]..—Siddhuraju—and-Becker,—20d3- During another
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study, quercetin and kaempferol have shown gootbxadant activity on hepatocyte growth
factor (HGF) induced methionine phosphorylation hwitCso value for 12 and ~6 pMI/L,
respectively. Another recent study comparing palhwidh Moringa seeds for their antioxidant
potential found out tha¥loringaseed are superiors for radical scavendir®).(Ogbunugafeiet

The antioxidant properties and the effect on nitbidde (NO) production of various
extracts of the leaves @éhacardium occidentalbave been reported. The result suggested that
the leaves ofA. occidentaleare a potent source of natural antioxiddag.(Jaiswaletal2010
9 Cashew nut oil has an Isp of 1230mg/kg body weight on rats intraperitoneally
[19].(Jaiswalet—al-2010-[19h- Effects of immature cashew nut-shell liquidn@cardium
occidental¢ against oxidative damage in Saccharomyces ceésevigand inhibition of
acetylcholinesterase activity were reported. A gtadowed immature cashew nut shell liquid
(iICNSL), a source of unsaturated long-chain pheraid may have a potential role in protecting
DNA against oxidative damadg20].tlsae,—200920h-

The current study is an attempt to investigateptbtential ameliorative effects of the two
oils- Anacardium occidentalaut oil and Moringa oleiferaseed oil, on cadmium toxicity in the
hippocampus of the brain using histological andocisemical procedures of demonstration and
analysis. Results from this investigation wouldph&d examine further the possible use of the
natural anti-oxidants-rich edible oils in combatiogic effects of substances on the brain. It will
also provide information to users of the oils aneffects on the brain tissues- particularly the
hippocampus. Very importantly, results would cdnite greatly to knowledge in the fields of
toxicology and phytomedicine, as well as severa¢oseveral biomedical sciences.

Materialsand Methods

Moringa seed, 2000g, was produced from kuchikau town, &fass state, Nigeria.
2000g of the powderedloringa oleifera seed-oil was extracted by the following procediiee
seeds were heated inside an oven at temperatu@°646°C and were later pounded with
mortar and pestle to separate the chaff from tkeesd-inally the seed extract was grinded into
powder with a grinding mill. The powdered extrattMoringa oleifera seed was dissolved in
400mL400ml of water at ambient temperature for two days aad iater filtered. The aqueous
extract was poured into molten mesh and was plaocedn oil extractor machine, seed oil was
removed at high temperature and pressure and tihatxwas kept at20°G26°C before
administration. 2000g of Cashew nut was producednfkuchikau town, Nassarawa state,
Nigeria. 2000g of the powdered Cashew nut-oil wdsaeted by the following procedure. The
seeds were heated inside an oven at temperatmﬁ@ﬁege and the seed extract was grinded
into powder with a grinding mill. The extract wasuyped into molten mesh and was placed on oil
extractor machine, seed oil was removed at higlpéeature and pressure and oil extract was
kept at-20°G-26°C before administration.

The Cadmium Sulphate solution was prepared bylisg the Cadmium Sulphate salt
in normal saline solution. The Ascorbic acid (ViianT) was dissolved in normal saline solution
and the Vitamin E (tocopherol) was dissolved irveloil. All other chemicals were of the
highest purity commercially available. The Cadmi@ulphate was administered at sub lethal
dose according to the body weights of the ratsapdritoneally using insulin syringes. The
Ascorbic acid and Alpha Tocopherol were administeseally using an oral cannula with a ball
point at the tip.
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A total of 35 juvenile male Wistar rats (100-20Qggre used for the study. They were
maintained under standard laboratory conditionhm @nimal house (National Academy Press,
1996) the rats were randomly grouped into seve®BAC, D, E, F and G, each containing 5
animals. Group A, Group Band Group Ganimals were giveBmL3ml per kg body weight of
0.9% NacCl solution intraperitoneally for 3weeksxicity of Cadmium was induced @ach rat
of in-group Bwas—induced-intraperitoneallyith a single dose of 2.5mg/kg body weight of
3CdSQ.8H,O_intraperitoneally, and in group C, each rat was given 5mg/kg bodyghtei
vitamin C dissolved in 0.9% NaCl solution and 6ngpllody weight vitamin E dissolved in olive
oil orally for 3 weeks. Group D animals were giveng/kg body weight vitamin C dissolved in
0.9% NacCl solution and 6mg/kg body weight vitamidliEsolved in olive oil orally for 3 weeks,
after which each rat was induced intraperitonealth a single dose of 2.5mg/kg body weight of
3CdSQ.8H,0, and after 48 hours, the rats were sacrificedu@s E, F and Gvere were first
induced intraperitoneally with 2.5mg/kg body weighit 3CdSQ.8H,0O, and after 48 hours,
treatment began. Group E rats were treated with/ignigody weightMoringa oleiferableifera
seed oil each, group F rats were treated with 4gigbody weight Anacardium
occidental®eceidentalenut oil and group G rats were treated with 2mdikgy weightMoringa
oleiferableiferaseed oil + 2mg/kg body weighinacardiumoccidental®eeidentalenut oil.

The animals were treated as for three (3) weéksnty four hours after the last
administration, the rats were sacrificed by ceivaialocation. The skulls of the rats were then
fractured open with forceps, the brains were rerdowdo specimen bottles containing 40%
formal calcium solution for histological and immumstochemical analyses. Ethical approval to
conduct research was obtained from the Departnfelst@omy, Bingham University, Nigeria.

Table 1. Grouping of Animals

Grou Substance Administration

3mL3ml of 0.9% NaCl solution per Ko.w.bw

Single dose of 2.5mg/kg bw 3Cd&8H,0O

5mg/kgb.wbw Vit. C + 6mg/kgb.wbw Vit. E

5mg/kgb.wbw Vit. C + 6mg/kgb.wbw Vit. E + single dose 2.5mg/kig.wbw
3CdSQ.8H,0

4mg/kgb.wbw of Moringa oleifera®leieraseed oll

4mg/kgb.wM of Anacardiumoccidental®eeidentalenut oll

2mg/kg b.wbw of Moringa oleiferaBleitera seed oil + 2mg/kgb.wbw of
Anacardiumoccidental®eeidentalenut olil
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210| Figure Al: Histological demonstration of the frontal Figure A2 Histological demonstration using the
211 cortex tissue using the H&E staining techniqugi; cresyi Fast Violet staining technique [x400];

212] [x400] showing normal neurons, glia and neuropil. 535 showing numerous pyramidal cells and stellate cells
213 _ - ) 219 as well as glia with normal morphology and normal
. g 220 pattern of distribution. Neuropil also appears rarm
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244 the control [N= Neurons; G = Glia; Senile
245 plaque in being encircled].
246

Figure A3: Histochemical demonstration of the
frontal cortex tissue, using the Bielschowsky stajn
technique [x400] showing quite few senile plaques

typical of a normal tissue. 247
Figure A4: Histochemical demonstration of
Cathepson D expression [x400]; showing nromal

expression of Cathepson D in frontal cortex tissue

248
249 Figure B1: Histological demonstration of the frontal
250 cortex tissue of Group B animals using the H&E
251 staining technique [x400] showing areas of clustere
252 neurons with heterogeneous appearance.

-},t

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

GROUP A

Photomicrographs of the hippocampus of
experimental animals administered 3ml of
0.9% NaCl solution per kg body weight as



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

262
271 1
272 Figure B4: Histochemical demonstration of
273 Cathepson D expression [x400]; showing quite
274 expression of Cathepson D in glia and relatively lo
275 expression in neurons.
276

263 277

264 -

265 Figure B3: Histochemical demonstration of the?78
266 frontal cortex tissue, using the Bielschowsky stajn

267 technique [x400] showing quite numerous senile
268 plaques of various and randomly distributed.

269
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Figure B5: Histochemical demonstration of p5303
expression [x400]; neurons take on unusuzd4
morphology and pattern of p53 expression in ti3&®5
frontal cortex tissue. 306

307

GROUPB

Photomicrographs of experimental animals
administered a single dose of 2.5mg/kg body
weight of 3CdSQ8H,O at the onset of
experiment [N= Neurons; G = Glia; Senile
plague in being encircled]
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P =

frontal

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

Figure C2: Histological demonstration using the
Cresyl Fast Violet staining technique [x400];
showing numerous neurons as well as glia with
normal morphology and normal pattern of
distribution. Neuropil also appears normal.
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Figure C3:— Histochemical demonstration of the
frontal cortex tissue, using the Bielschowsky stajn
technique [x400] showing

relatively few senile
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Figure C4: Histochemical demonstration of

Cathepson D expression [x400]; showing relatively

normal expression of Cathepson D in frontal cortex
tissue
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ol x i ‘
Figure C5: Histochemical demonstration of p53
expression [x400]; showing relatively moderate
expression of p53 in the frontal cortex tissue.

GROUPC

Photomicrographs of the hippocampus of
experimental animals administeré&ing/kg
body weight Vit. C + 6mg/kg body weight
Vit. E throughout the duration of experiment
[N= Neurons; G = Glia; Senile plague in
being encircled]
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361
362 Figure D2: Histological demonstration using the
363 Cresyl Fast Violet staining technique [x400];
364 showing heterogeneous neuron morphology and
365 prominent astrocytes

366

o il -
Figure D1: Histological demonstration of the frontal

cortex tissue using the H&E staining technique
[x400] showing heterogeneous neuron morphology

367

368 1 -
369 Figure D3: Histochemical demonstration of the
370 frontal cortex tissue, using the Bielschowsky stagn
371 technique [x400] showing quite large senile plaques
372
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Figure D4: Histochemical demonstration of393
Cathepson D  expression  [x400]; showinng
heterogeneous neuron morphology and expressio of
Cathepson D.
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401

Figure D5: Histochemical demonstration of p53

expression [x400]; neurons take on heterogenous
morphology and relatively higher p53 expression in
the neurons.

GROUPD

Photomicrographs of the hippocampus of
experimental animals administeré&eng/kg
body weight Vit. C + 6mg/kg bw Vit. E +
single dose 2.5mg/kg body weight
3CdSQ.8H,0 [N= Neurons; G = Glia;
Senile plague in being encircled]
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Figure EI1: Histological demonstration of the

hippocampus using the H&E staining technique

[x400] showing neurons and glia

416
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Figure E2: Histological demonstration using thé22

Cresyl Fast Violet staining technique [x400];
showing numerous neurons as well as glia with

normal morphology and normal
distribution with normal neuropil

pattern

of

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




423
424 Figure E4: Histochemical demonstration of
425 Cathepson D expression [x400]; showing areas of
426 enhanced expression of Cathepson D in frontal xorte
427 tissue

428

429

430
431 Figure E5: Histochemical demonstration of p53
432 expression [x400]; neurons express p53 relatively
433 moderately

434 GROUPE

435 Photomicrographs of the hippocampus of
436 experimental animals administerdang/kg
437 body weight ofMoringa oleifera seed oil

438 throughout the duration of experiment
439
440



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

454

443

444 > . . -
445| Figure F1: Histological demonstration of the frontal

446 cortex tissue using the H&E staining technique
447| [x400]; neurons and glia are observable

448

456 A
457 Figure F3: Histochemical demonstration of the
458 frontal cortex tissue, using the Bielschowsky stajn
459 technique [x400] showing relatively abundant senile
460 plaques.
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Figure F4: Histochemical demonsratin of
Cathepson D expression [x400]; showing highly
enhanced expression of Cathepson D in the neurons

497

498
499 Figure G1.— Histological demonstration of the

500 hippocampus tissue using the H&E staining
501 technique [x400]; neurons and glia are observable
502 and prominent

503

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

GROUPF

Photomicrographs of the hippocampus of
experimental animals administerddng/kg 504
b.wM! of Anacardium occidentalenut oil
throughout the duration of experiment
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Figure G2: Histological demonstration using the&17
Cresyl Fast Violet staining technique [x400];

showing closely packed relatively largesurons
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523

Figure G3: Histochemical demonstration of the

frontal cortex tissue, using the Bielschowsky stajn

technique [x400] showing relatively few small-sized

senile plaques.

524

Figure G4: Histochemical demonstration of
Cathepson D expression [x400]; showing relatively
enhanced expression of Cathepson D especiallyein th
glia
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Figure G5: Histochemical demonstration of p53
expression [x400]; p53 expression in neurons and
glia is barely observable.

GROUP G

Photomicrographs of the hippocampus of
experimental animals administer@dng/kg
body weight ofMoringa oleifera seed oil +
2mg/kg body weight of Anacardium

occidentalenut oil throughout the duration of
experiment



541

542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

Discussion

The present study evaluated the nature of a one-fimgle dose cadmium poisoning
effects on the hippocampus of experimental animalsiso examined the individual effects of
each of the oils—Moringa oleifera seed oil andAnacardiumoccidentaleoil in ameliorating or
neutralising such effects. The possible combineélanative effects oMoringa oleifera seed
oil and Anacardiumoccidentalenut oil extracts on the destructive effects ofroadn on the
hippocampus was also examined. The histologicallieeshowed that the control group A
animals have normal features of a hippocampal g@isddeurons and glia have normal
morphology, characteristic of normal tissues. Thgressions of Cathepsin D and p53 were also
quite moderate and normal. These features coultt s adequate references with respect to
other animal groups.

In group B which consists of animals induced witilyocadmium showed features of
deleterious effects of cadmium on the tissues. idganeous morphology of neurons as well and
unusually prominent glia- especially astrocytesiagécations of toxic effects of cadmium on the
tissue. More so, there could have been localizélaerahan randomly distributed damage of
tissue damage as observed in Figure B2. Numeratile ptaguesptague,quite more than usual
for a normal tissue also support evidences of éistkamage. Glia expressed Cathepsin D quite
prominently and at a quite high level; this alsggests the possibility of astrocytes reaction to
the toxic effects of the substance on the tisshe. @attern of p53 expression was quite unusual
and unconventional in Group B. All evidences- Hegecal and histochemical, point to the toxic
effects of the administered 3Cd$8H,O on the hippocampuslhis supports existing evidences
of cellular destructive effects of cadmium; it leieeady been documented that cadmium causes
cellular destruction, even cellular death at highaentratiorj21].

Animals in group C which were treated with 5mg/lagip weight Vitamin C and 6mg/kg
body weight Vitamin E showed normal features ofigpbcampal tissue. The hippocampus is
well populated by neurons and glia which are alsoal in morphology. Relative to the control,
the expressions of p53 and Cathepsin D are adequnatenormal. Senile plagues are also few
and do not show any characteristic of anomaly ike&db the control. Vitamin E has potential to
protect critical cellular structures against damagased by oxygen free radicals and reactive
products of lipid peroxidation; lipid peroxidatisprevented by vitamin §22].

Animals in group D which were treated with 5Smg/laglp weight Vitamin C and 6mg/kg
body weight Vitamin E and single dose 2.5mg/kg baayght 3CdSQ@8H,0, showed signs of
altered hippocampal tissues due to toxic effectsagfmium. Neurons and glia are observable;
neurons are however unusually heterogeneous as@dulggests uncorrected effects of cadmium
assault. The abnormally large senile plaques asut o tissue damage with serious molecular
consequence. While the expression of Cathepson dhtnbie low, that of p53 is pronounced.
Neuron morphology show little improvement over thdreated case in Group D; it is however
obvious that it is not a case of complete correctts healing of the effects of cadmium
intoxication.

Animals in group E which were induced with cadmibnt treated with 2mg/kg body
weight of Moringa oleifera seed oil showed improvement in cytoarchitecture tioé
hippocampus. Neurons and glia as well as the ndwappreserved and observable. Cathepson
D is however prominently expressed relative to @reup D especially that were treated with
selected anti-oxidants, as well as the control @rduis important to note that there are quite
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few and less prominent senile plaques. It is dlear there is an improvement in this tissue over
the untreated Group B. It also appears that thenéxdif damages that lead to the formation of
plaques is being greatly limited in this particulgroup. The heterogeneity of neuronal
morphology is reduced [Figure E] relative to GraBpFigure B]. There are evidences that
Moringa oleifera seed oil effects against cadmium toxicity couldvéhdimited the extent of
damage; also, the consequence is that excessivdogawent of plagues as a result of such
damage is prevented [especially when compared thighuntreated Group B]. In terms of
potency against the formation of plaquésyringa seed oil appears better than the selected
antioxidants in terms of prevention of excessivagpk formation. These features might be due
to vitamin A, vitamin C, vitamin E and oxalic acjd3]. These constituents are said to have
antioxidant effect, thus ability to remove suped®xiand oxygen free radicals that are usually
implicated in tissue destruction. Ascorbic acidsaas a powerful hydrosoluble antioxidant in
biological fluids; andMoringa oliefera contains it.

The group F animals which were induced with cadmhurh treated with 2mg/kg body
weight of Anacardium occidentaleut extract, showed cytoarchitecture of the hipgpogal
tissue almost similar to those seen in group E alsirwhich were induced with cadmium and
treated withMoringamerinrgaoleifera. Neurons and glia are preserved. Cathesas highly
expressed; senile plagues are relatively smallan tim the untreated Group B, but more
prominent than that of the Group E treated wifloringa oleifera seed oil-This is also
expectedly due to its natural antioxidant propét8]. Study showed that immature cashew nut-
shell liquid (iCNSL), a source of unsaturated largin phenols, and may have a potential role
in protecting against oxidative damdge].

The group G which were induced with cadmium anateé@ with both 2mg/kg body
weight of Moringameringa oleifera seed oil and 2mg/kg body weight éhacardium
occidentale showed cytoarchitecture of the hippocampal tisslo®st similar to those seen in
group E and F animals due to their antioxidant erogs but with more complete tissue repairs
and regeneration. Neurons and glia are well preserand they are prominent and well
distributed. Senle plaques are very few and lesmprent in a manner similar to the Group D
treated withMoringameringa seed oil only. This suggests that thMeringameringa seed oil
might be more potent in preventing the ecxessivi@mwhation of these plaques- more that other
agents used. The combined effects of both oils@sgrving neurons morpholgy however show
possiblity of greater potency

Generally, cells in the hippocampus manifested scatenium-induced changes ranging
from altered morphology and population densitiesvall as the cell’s relative distributioihis
implies that the activity of the hippocampus in neeynformation and learning will be impaired
and the role of the hippocampus that involved gi@rand retrieval of information will also be
compromised. Antioxidants exhibit positive effetitat could meliorate the damaging effects of
cadmium on the hippocampus as seen in this inag&iig The natural oils show improvement
over the selected regularly used anti-oxidantse@safly in limiting the extents of damage and
the consequences in the hippocampsringa seed oil produced better prevention of plaques
especially, relative t&nacardium occidentaldt will be important to examine the roles of athe
active phytochemicals in these oils in the difféi@npotencies of the oils, as well as the
mechanism of the effects.
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Conclusion

It can be concluded from the present study thamoaeh intoxication has observable deleterious
effects on brain tissues as a result of intra-peeal administration of cadmium sulphate. All
agents used produced positive anti-cadmium effdatsyever to varying degrees. While all
agents ameliorated the effects of cadmium on nelimmorphology and relative population cum
distribution, Moringameringaseed oil was the most potent in reducing the ftionaof senile
plaques in the hippocampus. The potency combintettedf Moringameringaoleifera seed oil
and Anacardiumoccidentalenut oil in reducing or treating the oxidative dayjeacaused by
cadmium on the hippocampus is also observed. Therataoils were more potent than the
selected regularly used antioxidants.
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