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ABSTRACT

Cadmium nitrate occurs as a colorless solid. It is soluble in dilute acids and ethanol, acetone,
water, diethyl ether, and ethyl acetate. This study examined the effects of Oral Administration of
cadmium nitrate on histomorphology of the heart of adult wistar rats. Twenty (n=20) adult wistar
rats of both sexes randomly divided into four groups (A-D) of five (n=5) rats each; Rats in group A
which served as control were given 10 ml/kg/day of distilled water for 21 days. Rats in group B, C,
and D (cadmium nitrate CdN group) were given 150 mg/kg/bw of CdN, 225 mg/kg/bw of CdN and
300 mg/kg/bw of CdN administered orally through an orogastric cannula into the stomach via the
esophagus, once a day, for twenty one consecutive days. The heart of each rat was harvested and
weighed before fixed in 10% formal saline for histological procedures. Results revealed normal
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cause cardiovascular disorder.

histological architecture in control while the experimental rats showed inflammations, distortions,
congestions, and degenerative changes in myocardium tissue. The heart weight significantly
increased in treated group while compared with the control group. Observed effects may therefore
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1. INTRODUCTION

Heavy metals are individual metals and metal
compounds that can impair human health [1].
Among the heavy metals cadmium is a very
genotoxic metal. Numerous studies have shown
that genotoxicity of Cd is directly related to its
effect on structure and function of DNA, which
may be determined using a number of laboratory
methods [2-4]. In plants, cadmium is known to
inhibit seed germination and root growth [5,6]
and induces chromosomal aberrations and
micronucleus formation [7]. Cadmium (Cd) is a
highly toxic element and is naturally present in all
parts of the environment, which includes; food,
water, and soil [8] and by World Health
Organization is major concern for public health
[9]. It is a non-essential element and has a half-
life which is extremely persistent in the
environment [10,11]. Human are at risk to
cadmium exposure through the food chain
because cadmium is not degraded in the
environment [12]. Cadmium accumulates in
organ it enters, affecting the cell physiology and

growth [13,14], induces disorders in the
hormonal and cellular immune responses
[15-17].

Cadmium is the cause of various diseases
including cancer, respiratory disease and

cerebrovascular diseases, especially the rates of
popular mortality due to these diseases are
higher in cadmium contaminated areas than
those areas which are not cadmium
contaminated. Breast cancer and endometrial
cancer are also associated with chronic exposure
to cadmium [18,19].

Cadmium nitrate occurs as a colorless solid. It is
very soluble in dilute acids and soluble in
ethanol, acetone, water, diethyl ether, and ethyl
acetate [20]. Cadmium nitrate is available in
technical and reagent grades with a purity of
99% or higher [21].

The heart is a muscular organ that circulates the
blood through the vessels to different parts of the
body [22]. The apex is directed anteroinferiorly
toward the left. Its wall consists largely of cardiac

muscle (myocardium), lined and surrounded by
membranes-endocardium and pericardium. It is
divided by a septum into right and left halves.
The endocardium is a thin internal layer
(endothelium and sub endothelial connective
tissue) or living membrane that cover its values.
The myocardium is a thick middle layer that is
composed of cardiac muscle while the
epicardium is a thin external layer formed by the
visceral layer of serous pericardium [23].

The present study was therefore designed to
carry out histo-morphological Study of Effects of
Oral Administration of Cadmium Nitrate on Heart
of Adult Wistar Rats

2. MATERIALS AND METHODS
2.1 Cadmium Nitrate
2.1.1 Procedure

The cadmium nitrate in this research was
purchase from pharmaceutical shop in Yaba
Lagos, Lagos State, Nigeria in January 6, 2015
and it was taken to Anatomy Laboratory of
Department of Anatomy, College of Medicine,
University Of Lagos, ldi-Araba, Lagos, Lagos
State, Nigeria and were authenticated by a staff
in the Department of Chemistry University of
Lagos, Lagos state Nigeria.

2.1.2 Animals and diet

Twenty (n=20) adult wistar rats of both sexes
were obtained from a breeding stock maintained
in the animal house, the animal had free access
to rat chow and tap water and they were
randomly divided into four (4) groups (A-D) of
five (n=5) rats each in a separate room at a
constant temperature (22.0+1.0°c) under a 12 h
light/dark cycle. Rats in group A which served as
control were given 10 ml/kg/day of distilled water
for 21 days. Rats in group B, C, and D (Cadmium
Nitrate group) were given 150 mg/kg/bw
cadmium nitrate, 225 mg/kg/bw of cadmium
nitrate and 300 mg/kg/bw of cadmium nitrate
administered orally through an orogastric
cannula into the stomach via the esophagus,



once a day respectively, for Twenty one (21)
consecutive days. The average daily oral intake
of cadmium by non-smokers living in unpolluted
areas was estimated to 10-25 g [24] while in
Laboratory animals oral LD50 values for mice
and rats range from 60 to over 5000 mg/kg of
body weight [25]. All experimental investigations
were done in compliance with humane animal as
stated in the “Guide to the care and use of
Laboratory Animals Resources”. National
Research Council, DHHS, Pub.No NIH 86-23

[26] and in accordance with the guideline

and approval of Nigeria Medical Ethical

Association for Accreditation of Laboratory

Animal Care.

2.2 Animal  Sacrificed and  Sample
Extraction

Twelve hours(12 hours) after the administration
of the last cadmium nitrate, the rats were at the
time of sacrifice first weighed and then cervical
dislocation was carried out following ethical
humane animal euthanasia which was adopted
with  expertised cervical dislocation. The
abdominal cavity of each rat was opened up
through a midline thoracic incision to expose the
heart. The heart was excised and weighed; the
heart was weighed with an electronic analytical
and precision balance. The heart of each animal
was fixed in 10% formol-saline for histological
examination. [BA 210S, d=0.0001- Sartoriusen
GA, Goettingen, Germany].

2.3 Histological Procedures and Analysis
This was done as described by Ogunlade et al.

[27]. Briefly, the organs were cut on slabs about
0.5 cm thick and fixed in 10% formol saline for a

Table 1. This table shows mean body weight and stan
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day after which they were transferred to 70%
alcohol for dehydration. The tissues were passed
through 90% alcohol and chloroform for different
durations before they were transferred into two
changes of molten paraffin wax for 20 min each
in an oven at 570 C. Serial sections of 5 ym thick
were obtained from a solid block of tissue and
were stained with haematoxylin and eosin stains,
after which they were passed through a mixture
of equal concentration of xylene and alcohol.
Following clearance in xylene, the tissues were
oven- dried. Photomicrographs were taken with a
JVC colour video digital camera (JVC, China)
mounted on an Olympus light microscope
[Olympus UK Ltd, Essex, UK] to demonstrate the
liver damage.

2.4 Statistical Analysis

Data are expressed as mean + S.D. Statistical
analyses were perfumed with SPSS software.
P < 0.05 was considered statistically significant.
Overall Differences between groups were
determined by one-way ANOVA.

3. RESULTS

3.1 Mean Body Weights, Heart Weights in
Experimental and Control Rats

As showed in Table 1: It indicates the average
body weights of the rats before and after the
experiment. The control rats gained weights
significantly (p<0.05) from the beginning of the
experiment to the end of the experiment. Body
weights of experimentatyl rats decreased as
compared to the control group. The mean heart
weight of the rats significantly increased as
compared to the control (Table 2).

dard deviation of the experimental and

control rats

Groups Day 7 (MeanzS.D) Day 14 (MeanzS.D) Day 21 (MeanzS.D)
A (control) 118+8.19 18249.11 202+8.94
B 160+62.60 150+7.38* 156+3.57
C 138+5.39 162+3.34 178+5.90*
D 174+67.00 136+4.32 146+5.21*
Value are expressed as n=5 mean+SEM *p<0.05

Table 2. This table shows heart weight in experimen  t and control rats
Parameter Group A (control) Group B Group C Group D
Liver weight 0.43+0.03 0.49+0.03* 0.54+0.04* 0.58+0.05*

Value are expressed as n=5 Mean+SEM *p<0.05



3.2 Heart Histology

Fig. 1 shows the photomicrograph of the heart
from control (group A) rats. Heart histology of the
control rats revealed a normal appearance
showing normal nucleus, connective tissue also
appeared normal and the cardiac muscle fibers
are well arranged.

Fig. 2 shows the photomicrograph of the heart
from (group B) rats. Heart histology of the rats
revealed elongations of the nucleus and slight
inflammations of myocardium.

Fig. 3 shows the photomicrograph of the heart
from (group C) rats. Heart histology of the rats
shows shrinkages and elongated of the nucleus
and there are slight inflammations in the
myocardium connective tissue.

Fig. 4 shows the photomicrograph of the heart
from (group D) rats. Heart histology of the rats
shows distortions and deformation of the nucleus
and there are inflammations and congestions of
the myocardium connective tissue.

3.3 Photomicrograpy Demostrations

3.3.1 Group A (control)

Photomicrographs of the heart of experimental
animal administered 10 ml/kg/day of distilled
water as control.

Fig. 1. Histological demonstration of the
photomicrograph of longitudinal section of
the heart at light microscope level using H &
E staining techniques [X400] showing, normal
Nucleus (N, yellow arrow), normal space
striation (S, green arrow), normal connective
tissue (CT, blue arrow), normal muscular fibre
(MF, orange arrow) were well arranged
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3.3.2 Group B

Photomicrographs of the heart of experimental
animal administered 150 mg/kg/bw cadmium
nitrate for twenty one days.

Fig. 2. Histological demonstration of the
photomicrograph of longitudinal section of
the heart at light microscope level using H &
E staining techniques [X400] showing,
elongated nucleus (N, yellow arrow),
interstitial stroma (IS, brown arrow),
myocardium(MY, green arrow). The nucleus
is elongated and there are slight
inflammations in the myocardium

3.3.3 Group C (225)

Photomicrographs of the heart of experimental
animal administered 225 mg/kg/bw cadmium
nitrate for twenty one days

Fig. 3. Histological demonstration of the
photomicrograph of longitudinal section of
the heart at light microscope level using H &
E staining techniques [X400] showing,
nucleus (N, yellow arrow), interstitial stroma
(IS, blue arrow), myocardium(MY, green
arrow). There are shrinkages and elongated
of the nucleus and there are slight
inflammations in the myocardium



3.3.4 Group D

Photomicrographs of the heart of experimental
animal administered 300 mg/kg/bw cadmium
nitrate for twenty one days.

Fig. 4. Histological demonstration of the
photomicrograph of longitudinal section of
the heart at light microscope level using H &
E staining techniques [X400] showing,
nucleus (N, green arrow), interstitial stroma
(IS, yellow arrow), myocardium (MY, blue
arrow). There are shrinkages and deformation
of the nucleus and there are inflammations
and congestions of the myocardium

4. DISCUSSION

Heavy metals are individual metals and metal
compounds that can impact human health [1].
Health problems have been widely reported due
to long-term ingestion of contaminated drinking
water with heavy metals. Pollution of water
bodies with heavy metals from variety of sources
is becoming a matter of global concern [28].
Though effects of chemical contamination of
drinking water are not felt on short-term basis
(except nitrate), their accumulation over a long
period in the body has significant health effects
[29]. Present study examined the effects of Oral
Administration of cadmium nitrate on heart
histomorphology of adult wistar rats. Present
study revealed changes in histomorphology of
the heart sections of adult wistar rats in dose
dependent following the oral administration of
cadmium Nitrate treated rats compared with the
control rats. These observations are supported
by earlier findings of Ogbonnia et al. [30] which
reported that degenerative changes were
observed in the heart tissue of mice following
subchronic administration of high doses
of  chromolaena  odorata  administration.
Administration of aflatoxin-B1 (AFB1) to rats
resulted in cardiac damage [31].
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Fig. 1 shows the photomicrograph of the heart
from control (group A) rats. Heart histology of the
control rats revealed a normal appearance
showing normal nucleus, connective tissue also
appeared normal the cardiac muscle fibers are
well arranged.

Fig. 2 shows the photomicrograph of the heart
from (group B) rats. Heart histology of the rats
revealed elongations of the nucleus and slight
inflammations of myocardium.

Fig. 3 shows the photomicrograph of the heart
from (group C) rats. Heart histology of the rats
shows shrinkages and elongated of the nucleus
and there are slight inflammations in the
myocardium connective tissue.

Fig. 4 shows the photomicrograph of the heart
from (group D) rats. Heart histology of the rats
shows distortions and deformation of the nucleus
and there are inflammations and congestions of
the myocardium connective tissue.

This is in accordance as reported by Ajibade et
al. [32] Some Morphological Findings on the
heart of adult wistar rats following experimental
artesunate administration caused distortions,
disaggregation, vacuolations of the heart
muscles tissue. The heart weight significantly
increased in treated group while compared with
the control group. The observed increased in the
heart weights of the treated rats is in agreement
with the findings of Izunya et al. [33] and Ajibade
et al. [32] that recorded significant increased in
hearts weights of the wistar rats following
chloroquine and artesunate administration.
Inflammations, distortions, congestions, and
degenerative changes in myocardial tissue are
due to the toxic effects observed following the
oral administration of cadmium Nitrate.

5. CONCLUSION

We therefore concluded that Inflammations,
distortions, congestions, and degenerative
changes in myocardial tissue and increased in
heart weight may lead to cardiovascular
dyfunctions.

CONSENT
It is not applicable.
ETHICAL APPROVAL

All the authors hereby declare that all the
experiments have been examined and approved



by the appropriate ethics committee and have
therefore been performed in line with the ethical
procedure laid down in 1964 Declaration of
Helsinki.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Sabine Martin, Wendy Griswold.
Environmental science and technology
brief for citizen, center for hazardous
substance research. CHSR; 2009. ISSU
15.

2. Cambier S, Gonzalez P, Durrieu G,
Bourdineaud JP. Cadmium-induced geno-
toxicity in zebra fish at environmentally
relevant doses Ecotoxicol. Environ. Saf.
2010;73:312-3109.

3. Liu W, Zhou QX, Li PJ, Gao HR, Han YP,
Li XJ. DNA mismatch repair related gene
expression as potential biomarkers to
assess cadmium exposure in Arabidopsis
seedlings. J. Hazard Mater. 2009I;167:
1007-1013

4, Liu W, Yang YS, Li PJ, Zhou QX. Risk
assessment of cadmium contaminated soil
on plant DNA damage using RAPD and
physiological indices. J. Hazard Mater.
2009;161:878-883.

5. Chakravarty B, Srivastava S. Toxicity of
some heavy metals in vivo and in vitro in
Hefianthus annuus. Mutat. Res. 1992;283:
287-294.

6. Liu DH, Jiang WS, Li MX. Effects of
cadmium on root growth and cell division
of Allium cepa Acta Sci. Circumstantiae
(Huanjing Kexue Jinzhan). 1992;12:339—
406.

7. Rumana Aslam, Ansari MYK, Sana
Choudhary, Towseef Mohsin Bhat, Nusrat
Jahan. Genotoxic effects of heavy metal
cadmium on growth, biochemical, cyto-
physiological parameters and detection of
DNA polymorphism by RAPD in Capsicum
annuum L. — An important spice crop of
India. Saudi Journal of Biological
Sciences. 2014;21(5):465-472.

8. Sherlock JC. Cadmium in foods and the
diet. Experientia. 1984;40:152-56.

9. Satarug S. Long-term exposure to
cadmium in food and cigarette smoke, liver
effects and hepatocellular carcinoma.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Adelakun et al.; CA, 5(3): 1-7, 2016; Article no.CA.24353

Current Drug Metabolism. 2012;13:257—
271.

Salt DE, Blaylock M, Kumar NPBA,
Dushenkov V, Densely B, Chet I, Raskin I.
Phytoremediation: A novel strategy for the
removal of toxic metals from the
environment using plants. Biotechnology.
1995;13:468-474.

Salt DE, Smith RD, Raskin l.
Phytoremediation. Annual Review of Plant
Physiology and Plant Molecular Biology.
1998;49:643-668.

Agency for Toxic Substance and Disease
Registry. Draft toxicological profile for
cadmium. Department of Health and
Humans Services, Public Health Service,
Center for Disease Control, Atlanta, GA,
USA; 2005.

Ramirez DC, Giménez MS. Lipid
modification in mouse peritoneal macro-
phages alter chronic cadmium exposure.
Toxicology. 2002;172:1-12.

Lafuente A, Cano P, Esquifino A. Are
cadmium effects on plasma gonadotropins,
prolactin, ACTH, GH and TSH levels, dose
dependent? Biometals. 2003;16:243-250.
Dan G, Lall SB, Rao DN. Humoral and cell
mediated immune response to cadmium in
mice. Drug and Chemical Toxicology.
2000;23:349-360.

Kataranovski M, Kataranovski D, Savic D,
Jovcic G, Bogdanovic Z, Jovanovic T.
Granulocyte and plasma cytokine activity
in acute cadmium intoxication in rats.
Physiological Research. 1998;47:453-61.
Marth E, Barth S, Jelovcan S. Influence of
cadmium on the immune system.
Description of stimulating reactions.
Central European Journal of Public Health.
2000;8:40-4.

Ageneta A, Bettina J, Aleija W. Long-term
dietary cadmium intake and postmeno-
pausal endometrial cancer incidence: A
population-based propective cohor study.
Cancer Res. 2008;68(15):6435-41.

Mc Eroy JA, Shafer M, Trentham- Dietx A,
Hampton JM, Newcomb PA. cadmium
exposure and breact cancer risk. J. Natl,
Cancer Inst. 2006;98:869-873.

James DW, Carrick MT, Leong WH.
Raman spectrum of cadmium nitrate.
Australian Journal of Chemistry.
1978;31(6):1189.

DOI: 10.1071/CH9781189

IARC. Summaries & evaluations: Cadmium
and cadmium compounds (Group 1). Lyon,
International Agency for Research on



22.

23.

24.

25.

26.

27.

Cancer, p. 119 (IARC Monographs on the
Evaluation of Carcinogenic Risks to
Humans). 1993;58.
Available:http://www.inchem.org/document
sliarc/vol58/mono58-2.html

Burtis CA, Ashwood ER. Tietz
fundamentals of clinical chemistry. 5th
Edn., Elsevier, India. 2003;543-566.

Keith LM, Arthur F. Clinical oriented
anatomy, the heart and great vessels. 5th
Edn., Lippincott Wiliams and Wilkins,
USA. 2012;356. ISBN 0-7817-3639-0.
WHO Cadmium. Geneva, World Health

Organization (Environmental Health
Criteria 134); 1992.
Krajnc El, et al. Integrated criteria

document. Cadmium — Effects. Appendix.
Bilthoven, National Institute of Public
Health and Environmental Protection
(Report No. 758476004); 1987.

National Research Council. Guide to the
care and use of Ilaboratory animals
resources. National Research Council,
Dhhs, Pub.No Nih 86-23; 1985.

Ogunlade B, Saalu LC, Ogunmodede OS,
Akunna GG, Adeeyo OA, Ajayi GO. The
salutary role of Allium cepa extract on the
liver histology, liver oxidative status and
liver marker enzymes of rabbits submitted
to alcohol- induced toxicity. American
Journal of Biochemistry and Molecular
Biology. 2012;2(2):67-81.

28.

29.

30.

31.

32.

33.

Adelakun et al.; CA, 5(3): 1-7, 2016; Article no.CA.24353

Dike NI, Ezealor AU, Oniye SJ.
Concentration of Pb, Cu, Fe, and Cd
during the dry season in river Jakau, Kano
Nigeria. Chem. Class. J. 2004;1:78-81.

Musa H, VYakasai IA, Musa HH.
Determination of lead concentration in well
and bore hole water in Zaria Nigeria.
Chem. Class. J. 2004;1:14-18.

Ogbonnia SO, Mbaka GO, Anyika EN,
Osegbo OM, Igbokwe NH. Evaluation of
acute toxicity in mice and subchronic
toxicity of hydroethanolic extract of
Chromolaena odorata (L.) King and
Robinson (Fam. Asteraceae) in rats. Agric.
Biol. J. N. Am. 2010;1:859-865.

Mohamed AM, Metwally NS. Anti-
aflatoxigenic activities of some plant
agueous extracts against aflatoxin-bl

induced renal and cardiac damage. J.
Pharmacol. Toxicol. 2009;4:1-16.

Ajibade AJ, Fakunle PB, Adewusi MO,
Oyewo OO. Some morphological findings
on the heart of adult wistar rats following
experimental artesunate administration.
Current Research in Cardiovascular
Pharmacology. 2012;1:1-9.

Izunya AM, Nwaopara AO, Oaikhena GA.
Effect of chronic oral administration of
chloroquine on the weight of the heart in
wistar rats. Asian J. Med. Sci. 2010;2:127-
131.

© 2016 Adelakun et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/14621




