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Abstract 
Histopathological effect of sub-acute intoxication of rats with cadmium (Cd) was studied in adult healthy male albino rats. 

Cd(cadmium chloride solution cdcl2 200mg/l) was administered in drinking water daily for 4 weeks. Nephropathy was achieved 
after4 weeks as indicated by biochemical assay. Microscopically examination showed various pathological alterations in kidney 
andheart of Cd treated rats. The results of this study indicated that sub-acute exposure of rats to Cd (200mg/l) in drinking water 
dailyfor 4 weeks induced alterations in blood biochemistry, renal and cardiac tissue structures.

Abbreviations:
MDA	 :	 Malondialdehyde 
NO	 :	 Nitric Oxide 
GOT	 :	 Glutamic OxaloaceticTransaminase 
Na	 :	 Sodium
GPT	 :	 Glutamic PyruvicTransaminase 
LDH	 :	 Lactate Dehydrogenase 
NOH	 :	 Nitric Oxide in Heart 
NOB	 :	 Nitric Oxide in Blood 
NOK	 :	 Nitric Oxide in Kidney
TG	 :	 Tri Glycerides 
LDL	 :	 Low Density Lipoprotein 
HDL	 :	 High Density Lipoprotein 
MDAH	 :	 Malondialdehyde in heart 
MDAB	 :	 Malondialdehyde in Blood 
MDAK	 :	 Malondialdehyde in Kidney 
Hand E	 :	 Hematoxylin and Eosin 
MNCs	 :	 Mononuclear Cells
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Introduction
Nephropathy is a leading cause of morbidity and mortality 

and its prevalence is continuously increasing in industrialized na-
tions [1]. The animal models for nephropathy share many features 

which are common to human nephropathy andhave been delineated 
by targeting proteinuria, glomerulosclerosis glomerulonephritis, 
glomerular hypertrophy, tubulointerstitialnephritis and tubular ne-
crosis [1]. In this study, Cadmium (Cd) intoxication was designed 
as a model ofexperimental nephropathy.Cadmium (Cd) is a soft 
bluish-white metal that used largely in metal coatings, plastics and 
alloy batteries. Chronic environmentalexposure of Cd is nephro-
toxic [2]. It has been noted that administration of Cd (0.18 mg/kg 
intraperitoneally,three times a week) for three months in rats led 
to hypertension followed by thickening of glomerular basement 
membrane,tubulointerstitial fibrosis and reduced glomerular filtra-
tion rate [3]. Administration of Cd (1 ml of 1 mM,intraperitoneally 
3 times per week) for five, 20 and 40 weeks caused perturbation 
of kidney proximal tubular epithelial cells andmitochondrial dys-
function in renal cortical cells [4]. Cd may exert effects on the 
cardiovascular system atextremely low exposure levels. However, 
the exact influence of Cd on the cardiovascular system remains 
controversial [5]. The aim of this work was to evaluate the toxico-
pathological effects of subacute intoxication withcadmium admin-
istration on blood biochemistry and tissue structural alterations in 
kidneys and heart of rats.

Materials and Methods
Experimental animals

In this study, twenty adult healthy male albino rats with av-
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erage weight 200-220 g were purchased from the animal house 
inHelwan and left for one week to acclimatize animal house in de-
partment of animal Physiology, Faculty of Veterinary Medicineand 
Mansoura University. Rats were kept under controlled environ-
ment, maintained under a 12 hours’ light: dark cycle, 24oC (±3oC) 
and 50-70% humidity. All animal procedures followed the recom-
mendations of the National Institutes of Health Guide forCare and 
Use of Laboratory Animals (Publication No. 85-23, revised 1985). 
All animal procedures were performed according tothe Ethics 
Committee of the National Research Centre, Egypt; registration 
number (09/189).5.2. Experimental designTwenty rats were ran-
domly divided into 2 duplicate groups (five rats in each cage). The 
first group served as a control where ratswere provided with stan-
dard diet and water ad-libitum. Animals in the second group were 
subjected to freshly prepared Cdchloride solution cdcl2 (Sigma 
Company) 200mg/l in drinking water daily for 4 weeks; the whole 
duration of experiment [6].

Sample collection
After 4 weeks, blood samples were collected in plain test 

tubes via retro-orbital bleeding after 12 hours of fasting. Blood 
sampleswere left at room temperature for 1 hour then centrifuged 
for 10 minutes at 3000 g to obtain the serum. Serum samples were-
stored at-80°C for subsequent biochemical analysis. Five rats were 
killed each sacrifice by decapitation for collection of kidneysand 
heart. Each kidney was cut into two halves. After 4 weeks, one of 
kidney halves and rightventricles were obtained forestimation of 
Malondialdehyde (MDA) and Nitric Oxide (NO) levels in their 
tissue homogenates after been washed three times inice cold sa-
line and blotted individually on ash-free filter paper. The crude 
tissue homogenate was centrifuged at 10,000 g for 15minutes in 
cold centrifuge, and the resultant supernatant was separated. Other 
halves of kidneys and left ventricles obtained fromboth sacrifices 
were fixed in 10% neutral buffered formalin until be routinely pro-
cessed for histopathological examination.

Biochemical analysis
Urea and creatinine were measured in the serum by a colo-

rimetric method using commercial kit (Diamon, Egypt) [7].Serum 
lipid profile was estimated using commercial kits[8]. Glutamic 
Oxaloacetic Transaminase (GOT);Glutamic Pyruvic Transami-
nase (GPT), Lactate Dehydrogenase (LDH) activity was measured 
by a kinetic method usingcommercial kit (Egyptian company for 
biotechnology) [9]. MDA was determined spectrophotometrically 
[10]. NOB was assayed in the serum by a colorimetric method us-
ing the diazotization procedure according to Bartholomew(1984)
[11], meanwhile, NOH and NOK were estimated in the heart and 
kidney homogenates as mentioned by Montgomery &Dymock 
(1961) [12].

Histopathological examinations
Paraffin sections from fixed kidneys and heart (5µm thick-

ness) were cut and evaluated using standard staining protocol for 
H&E.Renal and cardiac slides from each group were also stained 
with Masson trichrome [13].

Statistical analysis
Statistical analysis of biochemical results was performed us-

ing the software SPSS 19 (SPSS Inc, Chicago, Illinois). Data wer-
eexpressed as means standard errors. P values in the rows showed 
significance among groups after 4 weeks (P &lt; 0.05).

Results
Biochemical assay

Nephropathy was noted by significant increase in levels of 
serum urea and creatinine, GPT, GOT, LDH, Na, NOH, NOB, 
NOK,cholesterol, TG, LDL, MDAH, MDAB and MDAK and sig-
nificant decrease of HDL in Cd group (Table 1).

Measurements Control Cadmium P value
Urea (mg/dl) 32.33±2.333a 102.7±24.55b 0.0006

Creatinine (mg/dl) 0.6700±0.03786a 5.290±0.8110b 0.0001
GPT (u/l) 15.33±0.8819a 37.00±1.528b < 0.0001
GOT (u/l) 39.00±3.215a 79.67±1.856b < 0.0001
LDH (ul) 259.0±8.386a 368.3±19.22c < 0.0001

Na (mmol/l) 134.7±1.519a 157.7±3.180b < 0.0001
NOH (umol/g) 24.30±0.4041a 59.53±0.2603d < 0.0001
NOB (umol/dl) 19.20±0.4359a 44.33±0.6692b < 0.0001
NOK (umol/g) 16.40±0.6245a 40.10±0.2309b < 0.0001

Cholesterol (mg/dl) 110.0±5.033a 215.3±22.00b 0.0013
TG (mg/dl) 77.33±5.548a 120.0±12.50ab 0.0151

HDL (mg/dl) 49.00±5.568a 23.67±0.8819b 0.0003
LDL (mg/dl) 45.33±6.009a 168.0±23.29b 0.0009

MDAB (mmol/l) 24.83±0.3528a 56.60±3.427b 0.0004
MDAH (mmol/g) 31.90±0.5033a 61.53±11.35b 0.0146
MDAK (mmol/g) 24.37±2.534a 66.30±5.805b 0.0035

Means± SE Different superscript small letters in the same row indicate 
significant difference between groups when (P ≤ 0.05)

Table 1: Biochemical measurements after 4 weeks.

Renal histopathology
Kidneys in the control group showed normal histological 

picture in both sacrifices. Meanwhile, kidneys of both sacrifices 
revealedthe presence of vacuolated and necrotic tubules with tu-
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bular cast formation, collapsed and sclerotic glomeruli, fibrosis 
andmultiple foci of Mononuclear Cells (MNCs) aggregation in 
interstitial tissue (Figure 1& 2).

Figure 1 (A-D): Kidneys shows normal histological picture in control 
group (A), sclerotic glomeruli (thick arrow) (B), slightlyvacuolated tu-
bules (thin arrows) (C) and focally necrotic tubule (D) (thin arrow) in Cd 
group (H&amp;E A, C&D X: 100 and B, X:200). Figure 4 (A-C): Masson trichrome stained heart shows absence of fibro-

sis in control rats (A),per vascular fibrosis (arrow) in Cdexposed rats after 
4 weeks (B) and interstitial fibrosis in Cd exposed rats after 8 weeks (C) 
(A&B, X: 100 and C, X: 200).

Figure 5 (A-C): Masson trichrome stained heart shows absence of fibro-
sis in control rats (A), pervascular fibrosis (arrow) in Cdexposed rats after 
4 weeks (B) and interstitial fibrosis in Cd exposed rats after 8 weeks (C) 
(A&B, X: 100 and C, X: 200).

Figure 2 (A-C): Kidney of Cd treated group shows dilated renal tubules 
with hyaline casts (arrows) (A), focal area of fibrosis (shortarrow) with 
focal area of MNCs aggregation in interstitial tissue (long arrow) (B).(C) 
Higher magnification of (B) to show MNCsaggregation in interstitial tis-
sue (thick arrow) (H& E A &C, X: 200 and B, X: 50).

Figure 3 (A-C): Masson trichrome stained kidney slides shows absent 
glomerular and interstitial fibrosis in control rats, glomerular(B) and inter-
stitial fibrosis (C) (arrows). in Cd exposed rats (A-C, X: 100).

Glomerular sclerosis and interstitial fibrosis were demon-
strated in Masson trichrome stained slides (Figure 3)

Cardiac histopathology
Left ventricles in the control group showed normal histo-

logical picture in both sacrifices. Meanwhile, left ventricles in Cd 
treatedgroup revealed hyaline degeneration and mild per vascular 
fibrosis after 4 weeks. Hyaline degeneration with focal areas of-
coagulative necrosis and interstitial fibroblasts proliferation were 
observed in left ventricles after 8 weeks (Figure 4).

In Masson trichrome stained heart slides, interstitial fibro-
blasts proliferation was demonstrated (Figure 5).

Discussion
Alterations in the blood biochemistry and tissue structures 

of kidneys and heart were achieved in Cd treated rats. Urea is the 
firstacute renal marker which increases when the kidney suffers 
any kind of injury; meanwhile, creatinine is the most trustable re-
nalmarker and increase only when the majority of renal function 
is lost [14]. Renal injury was indicated after 4weeks by increased 
serum values of creatinine, urea, GPT, GOT, LDH, Na, NOH, 
NOB, NOK, cholesterol, TG, LDL, MDAH,MDAB, MDAK and 
decreased Level of HDL in Cd group in accordance with previous 
literatures [14-16]. Histopathological examination of kidney from 
Cd group demonstrated characteristic changes

Involving glomerular and tubular structures similar to those 
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previously mentioned by Aoyagi et al.(2003)[17]. The accumula-
tion ofCd in the kidneys causes damage of the renal proximal tu-
bules. The renal dysfunction induced by Cd has been considered 
one ofthe causes for the development of hypertension [18]. In ad-
dition, Cd induced alteration in heart tissue. The effectof Cd on the 
vascular system and cardiac function was previously discussed by 
Prozialeck et al. (2006)[19-24].

Furthermore, the correlation between blood and urine Cd 
concentration and diseases such as idiopathic dilated cardiomyo-
pathy [25], Peripheral arterial disease [26], stroke, heart failure and 
atherosclerosis [27-29] were documented in many epidemiological 
studies.It was concluded that, Cd in drinking water (200mg/l) for 4 
weeks induced alterations in blood biochemistry, renal and cardiac 
tissue structures.

References
Balakumar P, Chakkarwar VA, Kumar V, Jain A, Reddy J, et al. (2008) 1.	
Experimental models for nephropathy. J Renin-Angiotensin-Aldoster-
one Sys 9: 189-95.

Leffler PE, Jin T, Nordberg GF (1996) Nephrotoxic impact of multiple 2.	
short-interval cadmium metallothionein injections in the rat. Toxicol 
112: 151-156.

Uriu K, Kaizu K, Komine N (1998) Renal hemodynamics in rats with 3.	
cadmium-induced nephropathy. Toxicol Appl Pharmacol 150: 76-85.

Takaki A, Jimi S, Segawa M, Iwasaki H (2004) Cadmium-induced 4.	
nephropathy in rats is mediated by expression of senescence associ-
ated beta-galactosidase and accumulation of mitochondrial DNA dele-
tion. Ann NY Acad Sci 101: 332-338.

Bernhard D, Rossmann A, Henderson B, Kind M, Seubert A, et al. 5.	
(2006) Increased serum cadmium and strontium levels in young smok-
ers: effects on arterial endothelial cell gene transcription. Arteriosclero-
sis ThrombVascBiol 26: 833-838.

Borde AU, Athawaley AM, Mendhe MS, Patil MK, Lokhande PR, et al. 6.	
(2008) Ameliorating potential of Ashwagandha on cadmium chloride 
induced changes in weights of visceral organs. Vet World 1: 343-345.

Tietz NW (1995) Clinical Guide to Laboratory Tests. 3rd Edn., W.B. 7.	
Sauders, Philadelphia, USA. 68-273.

Lalouschek W, Lang W, Greisenegger S, Müllner M (2003) Vienna 8.	
Stroke Study Group Determination of lipid 9. profiles and use of statins 
in patients with ischemic stroke or transient ischemic attack. Stroke 
34: 105-110.

Young DS (1990) Effect of drugs on clinical laboratory tests. 3rd. Edn. 9.	
AACC Press, Washington, D.C.Ohkawa H, Ohishi W, Yagi KA (1979) 
Analytic Biochemistry 95: 351-358. 

Bartholomew P (1984) A rapid method for assay of nitrate in serum. 10.	
Food Chem Toxicol 22: 541-543.

Montgomery HAC, Dymock JF (1961) Analyst. 86: 41411.	 .

Shishido T, Nozaki N, Yamaguchi S, Shibata Y, Nitobe J, et al. (2003) 12.	
Toll-like receptor-2 modulates ventricular remodeling after myocardial 
infarction. Circulation 108: 2905-2910.

Borges LP, Brandao R, Godoi B, Nogueira CW, Zeni G (2008) Oral ad-13.	
ministration of diphenyl diselenide protects against cadmium-induced 
liver damage in rats. Chem-Biol Interact 171: 15-25. 

Rashwan NM, Anfenan K, Lalualit M (2012) Free radical scavenger 14.	
effects of licorice on the experimental rats. J Appl Sci Res 8: 4704-
4710.

Ibrahim NK (2013) Possible protective effect of Kombucha tea ferment 15.	
on cadmium chloride induced liver and kidney damage in irradiated 
rats. Int J Biol Life Sci 9: 1-12.

Hussein SA, Abd El-Hamid OM, Fayed AMS (2014) Protective Effects 16.	
of Alpha-lipoic Acid and Melatonin Against Cadmium-induced Oxida-
tive Stress in Erythrocytes of Rats. J Pharmacol Toxicol 9: 1-24.

Aoyagi T, Hayakawa K, Miyaji K, Ishikawa H, Hata M (2003) Cadmium 17.	
nephrotoxicity and evacuation from the body in a rat modeled sub-
chronic intoxication. Int J Urol 10: 332-338.

Satarug S, Nishijo M, Ujjin P, Moore M R (2005) Cadmium-induced 18.	
nephropathy in the development of high blood pressure. Toxicol Let 
157:57-68. 

Prozialeck WC, Edwards JR, Woods JM (2006) The vascular endothe-19.	
lium as a target of cadmium toxicity. Life Sci 79:1493-50.

Molloaoglu H, Gokcimen A, Ozguner F, Cicek E (2006) Caffeic acid 20.	
phenethyl ester prevents cadmium-induced cardiac impairment in rat. 
Toxicol 227:15-20.

Manna P, Sinha M, Sill PC (2008) Amelioration of cadmium-induced 21.	
cardiac impairment by taurine. Chem-Biol Interact 174: 88-97.

Prozialeck WC, Edwards JR, Nebert DW, Woods JM, Barchowsky A, 22.	
et al. (2008) The vascular system as a target of metal toxicity. Toxicol 
Sci 102:207-218.

Sompamit K, Kukongviriyapan U, Donpunha W, Kukongviriyapan V 23.	
(2010) Reversal of cadmium-induced vascular dysfunction and oxida-
tive stress by meso-2,3-dimercaptosuccinic acid in mice. Toxicol Let 
198:77-82.

Donpunha W, Kukongviriyapan U, Sompamit K, Pannangpetch P 24.	
(2011) Protective effect of ascorbic acid on cadmium-induced hyper-
tension and vascular dysfunction in mice. Biometals 24:105-15.

Smetana R, Glogar D, Weidinger F, Meisinger V (1987) Heavy metal 25.	
and trace element deviations. A comparison of idiopathic dilated car-
diomyopathy and coronary heart disease. Wien Med Wochenschr 
137:553-557.

Nordberg GF, Jin T, Nordberg M (1994) Subcellular targets of cad-26.	
mium nephrotoxicity: cadmium binding to renal membrane proteins in 
animals with or without protective metallothionein synthesis. Environ 
Health Persp 102:191-194.

Ross R (1999) Atherosclerosis--an inflammatory disease. NEJM 27.	
340:115-126.

Tellez-Plaza M, Navas-Acien A, Crainiceanu CM, Sharrett-AR, Gual-28.	
lar-E (2010) Cadmium and peripheral arterial disease: gender differ-
ences in the 1999-2004 US National Health and Nutrition Examination 
Survey. Am J Epidemiol 172:671-681.

Peters JL, Perlstein TS, Perry ML, McNeely E, Weuve J (2010) Cad-29.	
mium exposure in association with history of stroke and heart failure. 
Environ Res 110:199-206.

https://www.ncbi.nlm.nih.gov/pubmed/19126658
https://www.ncbi.nlm.nih.gov/pubmed/19126658
https://www.ncbi.nlm.nih.gov/pubmed/19126658
https://elibrary.ru/item.asp?id=595063
https://elibrary.ru/item.asp?id=595063
https://elibrary.ru/item.asp?id=595063
https://www.ncbi.nlm.nih.gov/pubmed/9630455
https://www.ncbi.nlm.nih.gov/pubmed/9630455
https://www.ncbi.nlm.nih.gov/pubmed/15126310
https://www.ncbi.nlm.nih.gov/pubmed/15126310
https://www.ncbi.nlm.nih.gov/pubmed/15126310
https://www.ncbi.nlm.nih.gov/pubmed/15126310
https://www.ncbi.nlm.nih.gov/pubmed/16439709
https://www.ncbi.nlm.nih.gov/pubmed/16439709
https://www.ncbi.nlm.nih.gov/pubmed/16439709
https://www.ncbi.nlm.nih.gov/pubmed/16439709
http://www.scopemed.org/?mno=4309
http://www.scopemed.org/?mno=4309
http://www.scopemed.org/?mno=4309
http://www.sciepub.com/reference/141231
http://www.sciepub.com/reference/141231
https://www.ncbi.nlm.nih.gov/pubmed/12511759
https://www.ncbi.nlm.nih.gov/pubmed/12511759
https://www.ncbi.nlm.nih.gov/pubmed/12511759
https://www.ncbi.nlm.nih.gov/pubmed/12511759
http://trove.nla.gov.au/work/15533703?q&sort=holdings+desc&_=1504008847335&versionId=42486148
http://trove.nla.gov.au/work/15533703?q&sort=holdings+desc&_=1504008847335&versionId=42486148
https://www.ncbi.nlm.nih.gov/pubmed/6378739
https://www.ncbi.nlm.nih.gov/pubmed/6378739
http://www.sciepub.com/reference/81876
https://www.ncbi.nlm.nih.gov/pubmed/14656915
https://www.ncbi.nlm.nih.gov/pubmed/14656915
https://www.ncbi.nlm.nih.gov/pubmed/14656915
https://www.ncbi.nlm.nih.gov/pubmed/17950719
https://www.ncbi.nlm.nih.gov/pubmed/17950719
https://www.ncbi.nlm.nih.gov/pubmed/17950719
http://www.aensiweb.com/old/jasr/jasr/2012/4704-4710.pdf
http://www.aensiweb.com/old/jasr/jasr/2012/4704-4710.pdf
http://www.aensiweb.com/old/jasr/jasr/2012/4704-4710.pdf
http://docsdrive.com/pdfs/academicjournals/jpt/0000/63125-63125.pdf
http://docsdrive.com/pdfs/academicjournals/jpt/0000/63125-63125.pdf
http://docsdrive.com/pdfs/academicjournals/jpt/0000/63125-63125.pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.1442-2042.2003.00627.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1442-2042.2003.00627.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1442-2042.2003.00627.x/abstract
https://www.ncbi.nlm.nih.gov/pubmed/15795094
https://www.ncbi.nlm.nih.gov/pubmed/15795094
https://www.ncbi.nlm.nih.gov/pubmed/15795094
https://www.ncbi.nlm.nih.gov/pubmed/16765992
https://www.ncbi.nlm.nih.gov/pubmed/16765992
https://www.ncbi.nlm.nih.gov/pubmed/16938374
https://www.ncbi.nlm.nih.gov/pubmed/16938374
https://www.ncbi.nlm.nih.gov/pubmed/16938374
https://www.ncbi.nlm.nih.gov/pubmed/18561905
https://www.ncbi.nlm.nih.gov/pubmed/18561905
https://www.ncbi.nlm.nih.gov/pubmed/17947343
https://www.ncbi.nlm.nih.gov/pubmed/17947343
https://www.ncbi.nlm.nih.gov/pubmed/17947343
https://www.ncbi.nlm.nih.gov/pubmed/20399841
https://www.ncbi.nlm.nih.gov/pubmed/20399841
https://www.ncbi.nlm.nih.gov/pubmed/20399841
https://www.ncbi.nlm.nih.gov/pubmed/20399841
https://www.ncbi.nlm.nih.gov/pubmed/20872046
https://www.ncbi.nlm.nih.gov/pubmed/20872046
https://www.ncbi.nlm.nih.gov/pubmed/20872046
https://www.ncbi.nlm.nih.gov/pubmed/3326293
https://www.ncbi.nlm.nih.gov/pubmed/3326293
https://www.ncbi.nlm.nih.gov/pubmed/3326293
https://www.ncbi.nlm.nih.gov/pubmed/3326293
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1567383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1567383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1567383/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1567383/
https://www.ncbi.nlm.nih.gov/pubmed/9887164
https://www.ncbi.nlm.nih.gov/pubmed/9887164
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950816/
https://www.ncbi.nlm.nih.gov/pubmed/20060521
https://www.ncbi.nlm.nih.gov/pubmed/20060521
https://www.ncbi.nlm.nih.gov/pubmed/20060521

