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Adriamycin is an anti-neoplastic drug. Its clinical use is restricted due to its 

tissue toxicity. Hawthorn exhibited good antioxidant activities. We aimed to 

use a histological approach for evaluating the protective effect of hawthorn 

against the kidney of rats treated with adriamycin. 

MATERIAL AND METHODS: Animals were divided into four groups. 

Group I was control. Group II was treated with an accumulative dose of 15 

mg/kg/day in 6 equal i.p injections (2.5 mg/kg every 3 days). Group III was 

treated with adriamycin same doses and hawthorn with doses 200 mg/kg for 

20 days. Group IV was treated with adriamycin first for 20 days then 

followed by 20 days hawthorn. Kidneys specimens were examined by light 

and transmission electron microscopes. 

RESULTS: Adriamycin caused degenerative changes in the renal glomeruli 

and tubules. The capillaries and urinary spaces were dilated. Tubular 

congestion and presence of  tubular cast were visible. Deposition of collagen 

fibres and fibrosis with interstitial haemorrhage were also noticed. 

Thickening and irregularity of basement membranes were revealed and the 

foot processes had disappeared. Vacuoles were observed in the tubular 

cytoplasm with degeneration and loss of the microvillus. In group III, the 

cellular structure was better preserved as compared with group II. 

Improvement is moderate in group IV. 

CONCLUSION: Treatment with hawthorn and adriamycin together revealed 

that the kidney structure was better preserved when compared with group II. 

Improvement was also noticed in treatment with hawthorn after adriamycin 

treatment but not the same degree like treatment with adriamycin and 

hawthorn together. 

 
                   Copy Right, IJAR, 2014,. All rights reserved.

 

Introduction   

Adriamycin (ADR) is an anti-neoplastic agent used in the treatment of a variety of human neoplasms. 

However, its clinical use is severely restricted due to its toxicity in various tissues, including the heart, the liver and 

the kidneys. Experimental studies in animals showed that ADR caused renal toxicity by producing progressive 

glomerular injuries (Barbey et al., 1989; Manabe et al., 2001; Malarkodi et al., 2003; Deepa and Varalakshmi, 

2005).  

The exact mechanism of ADR-induced toxicity remains unclear. Some researchers proposed that it is most likely 

mediated by the formation of an iron–anthracycline complex that generates reactive free radicals (ROS), which in 

turn, causes diverse oxidative damage on critical cellular components and membrane lipids in the plasma 

membranes and mitochondria (DeGraff et al., 1994; Sazuka et al., 1989a; Sazuka et al., 1989b). This theory is well 
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supported by the fact that antioxidants prevent the ADR-induced toxicity in experimental animals as well as in 

human (Mohamed et al., 2000;  Cole et al., 2006). 

Hawthorn contains abundant amount of anti-oxidants such as chlorogenic acid, epicatechin, hyperoside and 

quercetin (Liu et al., 2010). Hawthorn might inhibit the excessive generation of oxidative stress, thus providing an 

overall protective role in the kidney toxicities induced by ADR administration in rats (Siveski-lliskovic et al., 1995). 

However until now, the effect of hawthorn on ADR-induced oxidative stress and peroxidative alterations are poorly 

understood.  

The present experimental study is therefore designed to use a histological approach for evaluating the possible 

protective effect of hawthorn against the kidney of the adult albino rats treated with ADR using light and 

transmission electron microscopes. 

MATERIALS AND METHODS 

Forty healthy adult male albino rats (12 weeks old, 160–200 g body weight) were used in this study. The animals 

were kept in the house animals, King Khaled University, Abha, under standard laboratory conditions (temperature 

24±3°C, humidity 40–60%, a 12-h light:12-h dark cycle). A commercial pellet diet and fresh drinking water were 

given ad libitum. The handling of animals was followed the rules for experimental research ethics approved by 

Research Ethics Committee at King Khaled University.  

The rats were randomly divided into four groups; each group containing 10 rats. The first group was normal control 

non treated rats was receiving 1 ml distilled water intraperitoneal daily. The second group was ADR treated rats 

administered an accumulative dose of 15 mg/kg/day in 6 equal i.p injections (2.5 mg/kg every 3 days). The third 

group was treated with ADR same doses and hawthorn with doses 200 mg/kg orally by gavage daily for 20 days. 

The fourth group was treated with adriamycin first for 20 days then followed by 20 days hawthorn same doses.   

The rats were killed under slight ether anaesthesia at the end of treatment period. Kidneys were dissected and 

removed. Kidneys were fixed in 10% formalin solution for histopathological examinations.  

 

Light microscopy 

All specimens for light microscope were cut into small pieces and fixed in a solution of 10% formaldehyde and 

processed for light microscopic study to get paraffin sections of 5 μm thickness. Sections were stained with 

Haematoxylin and Eosin (H&E) (Bancroft and Stevens, 1996). Slides were mounted using entellan and covered with 

cover slips prior to viewing and photography by (Nikon Eclipse E-200) light microscope. 

 

Transmission electron microscopy (TEM) 

The kidneys specimens were cut into small pieces of 1mm3 sizes and fixed in 2.5% glutaraldehyde for 24 hours. 

Specimens were washed in 0.1 M phosphate buffer at 4°c, then post fixed in 1% osmium tetroxide at room 

temperature. Specimens were dehydrated in ascending grades of ethyl alcohol, and then embedded in Epon resin. 

Semithin sections (1μm) were stained with toluidine blue in borax and examined with light microscope. Ultrathin 

sections (50 nm) were cut, mounted on copper grids and stained with uranyl acetate and lead citrate (Bancroft and 

Stevens, 1996). Specimens were examined and photographed with Jeol 1200 EX transmission electron microscope 

in College of Medicine, King Khaled University.  

 

RESULTS 
The kidney of rats (control group) shows intact glomeruli within Bowman's capsule without evident 

alterations of the structures. Proximal and distal tubules were normal (Fig. 1). Kidney structure was similar to those 

described in previous literature regarding mammalian kidney including rat.  

Degenerative changes were observed in the renal glomeruli and tubules of group II animals which received only ADR. 

The flat epithelial cells of the parietal layer of Bowman's membrane were normal in structure. The capillaries and 

urinary spaces were dilated. Degenerated proximal and distal tubular epithelial cells with interrupted tubular contour, 

tubular congestion and presence of  tubular cast were visible. Interstitial haemorrhage was also noticed (Fig. 2). 

Treatment with hawthorn and adriamycin together in group III revealed that the structure of tubules was better 

preserved when compared with group II. In the glomeruli, the urinary spaces were distinct and the capillaries were 

normal in structure. The degenerative changes in the glomeruli and tubules were improved as compared with group II 

(Fig. 3). 

Improvement was also noticed in group IV(Fig. 4)  in treatment with hawthorn after adriamycin treatment but not the 

same degree like treatment with adriamycin and hawthorn together in group III. 
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Light microscopic examination after staining with Masson trichrome revealed marked deposition of collagen fibres and 

fibrosis with interstitial haemorrhage and marked cells degeneration in the group II (Fig. 5). These changes are 

markedly improve in group III (Fig. 6) and moderately improved in group IV (Fig. 7)  

The ultrastructure study of control group showed normal appearance as described in previous literature. 

Endothelial cells, basement membrane, visceral epithelial cell with foot processes are all showing normal appearance 

(Fig. 8). The basement membrane is regular with uniform thickness. Foot processes lie on the regular basement 

membrane . Adjacent foot processes are separated by filtration slits (Fig. 9). 

Thickening and irregularity of glomerular capillary basement membranes were determined in group II.  Vacuolation 

was observed in the capillary lumen. (Fig. 10 ). Mesangial cells were numerous with increased mesangial matrix and 

interstitial hemorrhage were noticed (Fig. 10). In the glomerular area, the cytoplasmic foot processes had disappeared 

(Fig. 11). Thickening of the basement membrane was also noticed in group III but the foot processes were intact (Fig. 

12). In group IV irregularity and variable thickness of the basement membrane were revealed but the foot processes 

were moderately intact (Fig. 13). Condensation of the peripheral chromatin were noticed in podocyte cells and 

endothelial cells. Urinary space was wider in group IV than group III (Figs. 12 &13). 

The proximal tubule in control rat is lined by cells with apical microvillus. The nucleus is large and oval. Basal 

mitochondria are located between basal enfolding. The basement membrane is regular and of normal thickness (Fig. 

14).  

In the cytoplasm of proximal tubular epithelial cells in group II, numerous vacuoles were observed (Fig. 15 ). The cells 

were small with irregular and atrophic nuclei. Many lysosomes of various sizes were observed in the cytoplasm. The 

mitochondria were dilated and dispersed throughout the cytoplasm. Destruction, degeneration and loss of the 

microvillus were observed (Fig. 15 ). The intertubular deposition of collagen fibres had increased considerably (Fig. 

15). 

The microvillus is intact in group III with improved in pathological features (Fig. 16). In group IV, the lumen of the 

proximal tubules occasionally contained a homogeneous, dense substance. Vacuoles and spaces were observed in the 

cytoplasm, forming wide, vacant regions between the nuclear and cytoplasmic membranes (Fig. 17). 

Distal tubule in the control kidney showing a normal basement membrane, short microvilli, round nucleus and lumen 

(Fig.18). 

In the II group, most of the distal tubule cells were degenerated, and their length had decreased. In the cytoplasm of 

tubular epithelial cells, numerous vacuoles and many mitochondria were small in size (Fig. 19). In some tubules 

“empty” epithelial cells, with “washed out” cytoplasm and nuclei with circumferential chromatin condensation were 

observed (Fig. 19). In group III, the cellular structure was better preserved as compared with group II (Fig. 20). 

Improvement is moderate in group IV with some mitochondria ring shaped (Fig. 21). 

Fig. 1:- A photomicrograph of a section in the control kidney showing renal glomeruli (G) with their tuft of 

capillaries and normal Bowmanʼs capsule with the presence of urinary space (arrow). Notice the contour of the 

proximal (P) and distal (D) tubules is intact and regular.      (H&E X 400) 
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Fig. 2:- A photomicrograph of a section in the kidney group II showing renal glomeruli (G) with wide urinary 

space (arrow). Notice the degeneration (d) of some cells of the  proximal (P) and distal (D) tubules with 

disrupted contour and interstitial area of hemorrhage (rb). (H&E X 400) 

 
 

Fig. 3:- A photomicrograph of a section in the kidney group III showing renal glomeruli (G) with their tuft of 

capillaries with the presence of urinary space (arrow). Notice that the proximal (P) and distal (D) tubules are 

mild disrupted with some degenerated cells.      (H&E X 400) 
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Fig. 4:- A photomicrograph of a section in the kidney group IV showing renal glomeruli (G) with their tuft of 

capillaries with the presence of urinary space (arrow). Notice that the proximal (P) and distal (D) tubules are 

moderate disrupted with some degenerated cells and interstitial hemorrhage (rb).      (Hx&E X 400) 

 

 
 

Fig. 5:- A photomicrograph of a section in the kidney group II showing renal glomeruli (G) with wide urinary 

space (arrow). Notice the degeneration of the  tubules with interstitial area of hemorrhage (rb) and marked 

deposition of collagen fibres (blue area). (Masson trichrome X 400) 
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Fig. 6:- A photomicrograph of a section in the kidney group III showing more or less normal renal glomeruli 

(G) with urinary space (arrow). Notice the mild degeneration of some of the proximal (P) and distal (D) tubules 

with mild deposition of collagen fibres (blue area).  (Masson trichrome X 400) 

 

 
 

Fig. 7:- A photomicrograph of a section in the kidney group IV showing nearly normal renal glomeruli (G) with 

urinary space (arrow). Notice the moderate degeneration of some of the proximal (P) and distal (D) tubules with 

some vacuoles (v), mild interstitial hemorrhage (rb) and moderate deposition of collagen fibres (blue area).  

(Masson trichrome X 400) 
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Fig. 8  :- Transmission electron micrograph of kidney sections of rats of the group I showing regular basement 

membrane (BM) with uniform thickness. Foot processes (F) from podocyte cell (P). Red blood corpuscle (rb),  

urinary space (U) and endothelial cell (E) are seen  (bar = 2 µm    X8000) 

 

 
 

Fig. 9  :- Transmission electron micrograph of kidney sections of rats of the group I showing regular basement 

membrane (BM) with uniform thickness. Foot processes (F) of podocyte cell (P) with its nucleus (N). Notice the 

filtration site (fs). Red blood corpuscle (rb). (bar = 500 nm    X40000) 
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Fig. 10 :- Transmission electron micrograph of kidney sections of rats of the group II showing irregular basement 

membrane (BM) with variable thickness. Foot processes (F) destructed, many mesangial cells (M) are seen surrounded by 

mesangial matrix. Some red blood corpuscle (rb) present inside the capillary lumen with the presence of vacuoles (v). 

Interstitial hemorrhage with red blood corpuscles (rb) are also present . (bar = 5 µm    X5000) 
 

 
 

Fig. 11  :- Transmission electron micrograph of kidney sections of rats of the group II showing irregular 

basement membrane (BM) with variable thickness. Most of the foot processes (F) disappear, podocyte branches 

(P),  endothelial cells (E). Red blood corpuscle (rb). (bar = 1 µm    X20000) 
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Fig. 12  :- Transmission electron micrograph of kidney sections of rats of the group III showing irregular 

basement membrane (BM) with variable thickness. Foot processes (F) are intact. Capillary lumen (Lu), red 

blood corpuscle (rb) and narrow urinary space (U) are present. (bar = 2 µm    X10000) 

 

 
 

Fig. 13  :- Transmission electron micrograph of kidney sections of rats of the group IV showing irregular 

basement membrane (BM) with variable thickness. Foot processes (F), epithelial cell (EP) with irregular 

nucleus (N) and endothelial cell (E) with condensed peripheral nuclear chromatin (N). Red blood corpuscle (rb) 

and narrow urinary space (U)   (bar = 2 µm    X10000) 
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Fig. (14):Transmission electron micrograph of proximal tubule of  kidney sections of control rats showing oval 

nucleus (N), multiple mitochondria (m) and apical microvilli (mv). (bar = 2 µm    X8000) 

 
Fig. (15):Transmission electron micrograph of proximal tubule of  kidney sections of group II rats showing 

irregular basal membrane (BM), atrophic irregular nucleus (N), multiple basal mitochondria (m). Notice the 

presence of vacuoles (v) and many electron dense granules (L) and destruction of microvillus (mv). Notice also 

the presence of casts (c) in the lumen and deposition of collagen fibres (f). (bar = 5 µm    X4000) 
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Fig. (16):Transmission electron micrograph of proximal tubule of  kidney sections of group III rats showing 

round nucleus (N), multiple mitochondria (m). Irregular thickness of basal membrane, lysosomes (L) and intact 

apical microvilli (mv) are present (bar = 2 µm    X8000) 

 

 
 

Fig. (17):Transmission electron micrograph of proximal tubule of  kidney sections of group IV rats showing 

round nucleus (N), multiple mitochondria (m). Notice the presence of vacuoles (v) and many electron dense 

granules (L) and closed to the lumen of the proximal tubules there is a homogeneous, dense substance (D*) and 

mild disrupted microvilli (mv).  (bar = 5 µm    X5000) 
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Fig. (18):Transmission electron micrograph of distal tubule of  kidney sections of control rats showing round 

nucleus (N), multiple basal mitochondria (m) vertically oriented  in-between basal enfolding of the plasma 

membrane (f). (bar = 500 nm    X6000) 

 

 
Fig. (19):Transmission electron micrograph of distal tubule of  kidney sections of rats group II showing round 

nucleus (N), many vacuoles (v), multiple basal mitochondria (m) vertically oriented  inbetween basal infoldings 

of the plasma membrane (f) and destruction of the microvillus (mv). (bar = 5 µm    X5000) 
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Fig. (20):Transmission electron micrograph of distal tubule of  kidney sections of rats group III showing 

round nucleus (N), multiple basal mitochondria (m) vertically oriented  in-between basal enfolding of the 

plasma membrane (f). Notice the destructed microvillus (mv) (bar = 200 nm    X8000) 

 
 

Fig. (21):Transmission electron micrograph of distal tubule of  kidney sections of rats group IV showing round 

nucleus (N), multiple elongated mitochondria (m) some of them are ring shaped. Noticed the irregular thickness 

of basal membrane (BM) and the destructed microvillus (mv).  (bar = 5 µm    X5000) 
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DISCUSSION 

Adriamycin is known to generate superoxide radicals. The formation of free radicals, as well as accumulation of lipid 

peroxides in response to treatment with adriamycin, has been documented. Lipid peroxidation is recognized as one of 

the possible biochemical mechanisms for adriamycin associated side effects (Doroshow, 1983; Mimnaugh et al., 

1986). Adriamycin form the semiquinone which is a toxic metabolite that interacts with molecular oxygen and initiates 

a cascade of reactions, producing reactive oxygen species (ROS) (Davies and Doroshow, 1986). ROS generation and 

lipid peroxidation may be responsible for ADR-induced cardiotoxicity and nephrotoxicity (Mimnaugh et al., 1986; 

Milner et al., 1991; Chularojmontri et al., 2005). 

Histological changes observed in the present study revealed that the glomerules in rat from the 2
nd

 experimental group 

revealed glomerular congestion, enlarged with wide urinary spaces. Urinary space dilation may be the result of the 

high pressure across glomerular capillaries (Chagnac et al., 2000). Glomerular enlarged and hypertrophy may be 

responsible for the podocytes abnormalities (Chen  et al., 2006).  

Renal glomerular filtration barrier is one of the most important structures, and the integrity of barrier determines the 

permeability characteristics for the protein. Glomerular filtration barrier is divided into 3 layers: fenestrated endothelial 

cell layer, glomerular basement membrane, podocyte, and slit diaphragm.  

The basement membrane had irregular in thickness with destruction of the foot processes that affect the glomerular 

filtration. Previous studies carried out by Fajardo et al. (1980) and Strenberg et al. (1972) revealed that cytoplasmic 

foot processes of podocytes were destructed by the effect of adriamycin and also that irregularities of the glomerular 

basal membrane and dense agglomerations in certain regions of the basal membrane arose as a consequence of its use. 

Identical result were found in our study.  

Certain stimuli act on podocytes to induce shape changes. Toxic reactions, such as adriamycin, decrease in podocyte 

surface charge by neuraminidase digestion (Gelber  et al., 1996). Flattening or destruction of podocytes could be the 

cause of increased glomerular permeability.  

Damage to the structure of the glomerular filtration barrier can lead to protein leakage (Niels et al., 2005). Proteinuria 

is risk factor of podocyte injury owing to glomerular disease, such as minimal change nephropathy syndrome, focal 

segmental glomerulosclerosis, membranous glomerulopathy, diabetes mellitus, and lupus nephritis (Reiser et al., 

2002). Studies from some nephrotic syndrome implied that distribution abnormality of podocyte molecules could lead 

to the abnormalities of the foot process structures and proteinuria (Koop et al., 2003; Zhang et al., 2004). It is 

recognized that the foot processes of podocytes interlinked by ultra-thin slit is likely the centre structure to be the 

barrier in the glomerular capillary wall to retain proteins and cells from leaking to urine (Kawachi et al., 2006). In the 

present study, the foot processes were severely damaged in adriamycin-treated rat that resembling human minimal 

change nephropathy syndrome (Korzets et al., 1997). The present study showed that foot process became destructed in 

adriamycin treated rats, which were diminished by hawthorn treatment. These results suggest that hawthorn improves 

the podocyte injury in adriamycin-treated rats. Literature provides results that ADR also induced nephritic syndrome in 

pregnant rat females (Pedrycz-Wieczorska, 2002).  

Bertani et al., (1986) reported that ADR has the potential to induce renal damage with glomerulosclerosis. Similar 

pictures of glomerules were described in literature in rats suffering from nephrotic syndrome induced by ADR (Rangan 

et al., 2001). Minimal dose of ADR like 5 mg/kg of body weight induced nephrotic syndrome (Song et al., 2002) and 

in these cases, the fusion of foot processes was described (Raats et al., 2000). 

Degenerated tubular epithelial cells with interrupted tubular contour were visible. Most of the distal tubule cells were 

degenerated, with tubular congestion and presence of  tubular cast. Tulio et al. (1982) reported that kidneys from ADR-

treated animals showed glomerular necrosis, hemorrhage and tubular degeneration. Endotoxin can induce renal 

damage, particularly in the renal tubule cells that leads to cell degeneration, necrosis and apoptosis (Yang et al., 2009).  

In the cytoplasm of tubular epithelial cells, numerous vacuoles were observed, which indicated microvacuolar 

degeneration. Asakura et al. (2001) reported that adriamycin induce apoptotic DNA fragmentation via caspase-3 

activation. Apoptotic signal which could activate caspase-3 was induced 6 hours after drug administration (Asakura et 

al., 1999; Asakura et al., 2001). 

Degeneration of tubular cells described in the present study may be secondary to lesions in glomeruleus or it is due to 

cytotoxic effect of adriamycin. 

In the present study, evident changes in mitochondria in tubular cells were described. It was proved that ADR 

influences mitochondria function. Adriamycin decreases mitochondrial ATP-ase and oxidative phosphorilation ADP. It 

results in the inhibitions of cell perspiration process (Wallace and Starkov, 2000). Mitochondria pass into the orthodox 

form due to adriamycin activity. It contains a big amount of ATP, which could not process the energy.  

Vacuoles were observed in the cytoplasm between the nuclei and cellular membranes of the tubules. Basal 

invaginations and microvilli in some tubules had disappeared while the mesangial cells and matrix increased in the 
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present study. Strenberg et al. (1972)  showed the disappearance of basal invaginations and microvilli in the tubules. 

Identical result were found in our study. 

Bertani et al. (1986) established that fibrosis occurred in the interstitial zone of kidneys after administration of 

adriamycin. We also noted a significant increase in the collagen fibres between tubules. Okasora et al. (1992) reported 

that lumina of tubules in the kidney tissues of subjects given adriamycin were filled with an amorphous material which 

was observed in some tubules in our study also.  

Interstitial haemorrhage was also noticed. Haemolysis of interstitial haemorrhage releases haemoglobin and leads to 

tissue accumulation of ferric ions. Free haemoglobin promotes the production of inflammation and tissue injury 

(Martín Cleary et al., 2010). 

Adriamycin has widely been used for hematological malignancies. However, the toxic effect of adriamycin on the 

kidneys is a limiting factor of its usefulness. Therefore, novel therapeutic agents with improved efficacy seem to be 

considerable for clinical approach. 

Several drugs have been investigated in an attempt to reduce adriamycin toxicity. Vitamin E is among these (Wang  et 

al., 1980; Görgün et al., 1999) which  protects the glomeruli and tubules to some extent from adriamycin-induced 

damage.  

Since oxidative stress is implicated in adriamycin toxicity. We have investigated the protective potential of hawthorn 

as a powerful antioxidant. Hawthorn  contain a high proportion of polyphenolic compounds and exhibited good 

antioxidant activities. Hawthom is of significant biological importance for its antioxidant properties (Kostić et al., 

2012).  The present results confirmed that hawthorn improved kidney structure in male rats treated with adriamycin. 

Also it revealed for the first time that administration of hawthorn in combined with adriamycin attenuated the kidney 

pathology than giving hawthorn after treatment with adriamycin. In the present study, we have elaborated the 

protective effects of hawthorn against adriamycin-induced damages of the kidney structure of male rats. 

In conclusion, this research demonstrated that adriamycin caused damage in the kidney structures and hawthorn 

administration improves these structural deficits.  

 

Disclosure: 

This study was financially supported (grant #KKU-MED-274) by the Research Deanship, King Khalid University, 

Abha, Kingdom of Saudi Arabia. 

 

REFERENCES 

1. Asakura T, Hashizume Y, Tashiro K, Searashi Y, Ohkawa K, Nishihira J, Sakai M, Shibasaki T. Suppression of 

GST-P by treatment with glutathione-doxorubicin conjugate induces potent apoptosis in rat hepatoma cells. Int J 

Cancer. 2001;94(2):171-7. 

2. Asakura T, Sawai T, Hashidume Y, Ohkawa Y, Yokoyama S, Ohkawa K. Caspase-3 activation during apoptosis 

caused by glutathione-doxorubicin conjugate. Br J Cancer. 1999;80(5-6):711-5. 

3. Bancroft JD and Stevens A. Theory and practice of histological techniques. 1996. 4
th

  ed. Churchill Livingstone: 

New York. 

4. Barbey MM, Fels LM, Soose M, Poelstra K, Gwinner W, Bakker W, Stolte H. Adriamycin affects glomerular renal 

function: evidence for the involvement of oxygen radicals. Free Radic Res Commun. 1989;7(3-6):195-203. 

5. Bertani T and Cutillo F. Tubulo-interstitial lesions mediate renal damage in Adriamycinglomerulopathy. Kidney 

Int. 1986;30:488-96.  

6. Chagnac A, Weinstein T, Korzets A, Ramadan E, Hirsch J et al. Glomerular hemodynamics in severe obesity. Am 

J Physiol Renal Physiol. 2000; 278: F817-F822.  

7. Chen HM, Liu ZH, Zeng CH, Li SJ, Wang QW, Li LS. Podocyte lesions in patients with obesity-related 

glomerulopathy. Am J Kidney Dis. 2006; 48: 772-9. 

8. Chularojmontri L, Wattanapitayakul SK, Herunsalee A, Charuchongkolwongse S, Niumsakul S, Srichairat S. 

Antioxidative and cardioprotective effects of Phyllanthus urinaria L. on doxorubicin-induced cardiotoxicity. Biol 

Pharm Bull. 2005;28(7):1165-71. 

9. Cole MP, Chaiswing L, Oberley TD. The protective roles of nitric oxide and superoxide dismutase in adriamycin-

induced cardiotoxicity Cardiovasc. Res. 2006; 69:186–97. 

10. Davies KJ and Doroshow JH. Redox cycling of anthracyclines by cardiac mitochondria. I. Anthracycline radical 

formation by NADH dehydrogenase. J. Biol. Chem. 1986; 261: 3060–7. 



ISSN 2320-5407                               International Journal of Advanced Research (2014), Volume 2, Issue 1, 316-332 
 

331 

 

11. Deepa PR and Varalakshmi P. Biochemical evaluation of the inflammatory changes in cardiac, hepatic and renal 

tissues of adriamycin-administered rats and the modulatory role of exogenous heparin-derivative treatment. Chem 

Biol Interact. 2005; 20;156(2-3):93-100. 

12. DeGraff W, Hahn SM, Mitchell JB. Free radical modes of cytotoxicity of adriamycin and streptonigrin. Biochem 

Pharmacol. 1994; 48 : 1427–35. 

13. Doroshow JT. Anthracycline antibiotic stimulated superoxide, hydrogen peroxide and hydroxyl radical production 

by NADH dehydrogenase. Cancer Res. 1983;43:4543-51. 

14. Fajardo LF, Eltringham JR, Stewart JR, Klauber MR. Adriamycin nephrotoxicity. Laboratory Investigation.1980; 

43(3):242–53.  

15. Gelber H, Healy L, Whiteley H, Miller LA, Vimr E. In vivo enzymatic removal of α2-linked sialic acid from the 

glomerular filtration barrier results in podocyte charge alteration and glomerular injury. Lab Invest. 1996, 74:907-

920. 

16. Görgün M. Erdogan D. Abban G. Türközkan N. Elbeg Ş.  Effect of Vitamin E on Adriamycin- Induced 

Nephrotoxicity at the Ultrastructural Level in Guinea Pigs Nephron 1999;82:155–163 

17. Kawachi H, Miyauchi N, Suzuki K, Han GD, Orikasa M, Shimizu F. Role of podocyte slit diaphragm as a filtration 

barrier. Nephrology (Carlton). 2006;11(4):274-81. 

18. Koop K, Eikmans M, Baelde HJ, Kawachi H, De Heer E, Paul LC, Bruijn JA. Expression of podocyte-associated 

molecules in acquired human kidney diseases. J Am Soc Nephrol. 2003;14(8):2063-71. 

19. Korzets Z, Pomeranz A, Golan E, Bernheim J. Pefloxacin in adriamycin induced nephrotic syndrome in the rat. 

Nephrol Dial Transplant. 1997;12(2):286-8. 

20. Kostić DA, Velicković JM, Mitić SS, Mitić MN, Randelović SS. Phenolic Content, and Antioxidant and 

Antimicrobial Activities of Crataegus Oxyacantha L (Rosaceae) Fruit Extract from Southeast Serbia. Tropical 

Journal of Pharmaceutical Research. 2012; 11 (1): 117-24. 

21. Liu P, Yang B, Kallio H. Characterization of phenolic compounds in Chinese hawthorn (Crataegus pinnatifida 

Bge. var. major) fruit by high performance liquid chromatography–electrospray ionization mass spectrometry. 

Food Chemistry.2010;121: 1188–97. 

22. Malarkodi KP, Balachandar AV, Varalakshmi P. The influence of lipoic acid on adriamycin induced nephrotoxicity 

in rats. Mol Cell Biochem. 2003 ;247(1-2):15-22. 

23. Manabe N, Kinoshita A, Yamaguchi M, Furuya Y, Nagano N, Yamada-Uchio K, Akashi N, Miyamoto-Kuramitsu 

K, Miyamoto H. Changes in quantitative profile of extracellular matrix components in the kidneys of rats with 

adriamycin-induced nephropathy. J Vet Med Sci. 2001 ;63(2):125-33. 

24. Martín Cleary C, Moreno JA, Fernández B, Ortiz A, Parra EG, Gracia C, Blanco-Colio LM, Barat A, Egido J. 

Glomerular haematuria, renal interstitial haemorrhage and acute kidney injury. Nephrol Dial Transplant. 

2010;25(12):4103-6. 

25. Milner LS, Wei SH, Houser MT. Amelioration of glomerular injury in doxorubicin hydrochloride nephrosis by 

dimethylthiourea. J Lab Clin Med. 1991;118(5):427-34. 

26. Mimnaugh EG, Trush MA, Gram TE. A possible role of membrane lipid peroxidation in anthracycline 

nephrotoxicity. BiochemPharmacol. 1986;35:4327-35. 

27. Mohamed HE, El-Swefy SE, Hagar HH. The protective effect of glutathione administration on adriamycin-induced 

acute cardiac toxicity in rats. Pharmacol. Res. 2000;42:115–21. 

28. Niels W P Rutjes, Nike Claessen, Jeroen KJ Deegens, et al. The role of heparanse in the pathophysiology of 

idiopathic nephritic syndrome. Nephrology. 2005; 10(suppl): A117-A232. 

29. Okasora T, Takikawa T, Utsunomiya Y, Senoh J, Hayashibara H, Shiraki K, Shihiru I: Suppresisi and effect of 

superoxide dismutase on Adriamycin nephropathy. Nephron. 1992;60: 199-203. 

30. Pedrycz-Wieczorska A. Evaluation of influence of pregnancy on rat kidney in course of model experimental NS 

induced by Adriamycin. 2002. Work for doctor´s degree. Medical University in Lublin. 

31. Raats CJ, van den Born J, Bakker MA, Oppers-Walgreen B, Pisa BJ, Dijkman HB, Assmann KJ, Berden JH. 

Expression of agrin, dystroglycan, and utrophin in normal renal tissue and in experimental glomerulopathies. Am J 

Pathol. 2000;156(5):1749-65. 

32. Rangan GK, Wang Y, Harris DC. Induction of proteinuric chronic glomerular disease in the rat (Rattus norvegicus) 

by intracardiac injection of doxorubicin hydrochloride. Contemp Top Lab Anim Sci. 2001;40(5):44-9. 

33. Reiser J, von Gersdorff G, Simons M, Schwarz K, Faul C, Giardino L, Heider T, Loos M, Mundel P. Novel 

concepts in understanding and management of glomerular proteinuria. Nephrol Dial Transplant. 2002;17(6):951-5. 

34. Sazuka Y, Tanizawa H, Takino Y. Effect of adriamycin on DNA, RNA and protein biosyntheses in mouse tissues, 

in connection with its cardiotoxicity. Jpn J Cancer Res. 1989; 80:1000–5. 



ISSN 2320-5407                               International Journal of Advanced Research (2014), Volume 2, Issue 1, 316-332 
 

332 

 

35. Sazuka Y, Tanizawa H, Takino Y. Effect of adriamycin on the activities of superoxide dismutase, glutathione 

peroxidase and catalase in tissues of mice. Jpn J Cancer Res. 1989; 80: 89–94. 

36. Siveski-lliskovic N, Hill M, Chow DA, Singal PK. Probucol protects against adriamycin cardiomyopathy without 

interfering with antitumor effect.  Circulation. 1995;91(1): 10–15. 

37. Song H, Li X, Wei M, Zhu C. Effect of high-lipid diet on glomerular mesangial matrix in adriamycin-induced 

nephrotic rats. Chin Med Sci J. 2002;17(3):134-9. 

38. Strenberg SS, Philips FS, Cronin AP. Renal tumors and other lesions in rats following a single intravenous 

injection ofdaunomycin. Cancer Res. 1972;32:1029-36. 

39. Tulio B, et al: ADR-induced nephrotic syndrome in rats: Sequence of pathologic events. Lab Invest 1982;46:16-23. 

40. Wallace KB and Starkov AA. Mitochondrial Targets of Drug Toxicity. Annual Review of Pharmacology and 

Toxicology. 2000; 40: 353-88.  

41. Wang YM, Madonat FF, Kimball JC, Glesier CA, Ali MK, Kaufman MW, Van Eys J: Effects of vitamin E against 

Adriamycin-induced toxicity in rabbits. Cancer Res. 1980;40:1022-7. 

42. Yang F, Liu GS, Lu XY, Kang JL. Expression of caspase-3 in rat kidney with renal tubular damage induced by 

lipopolysaccharide and hypoxia. Nan Fang Yi Ke Da Xue Xue Bao. 2009;29(10):2091-3. 

43. Zhang SY, Marlier A, Gribouval O, Gilbert T, Heidet L, Antignac C, Gubler MC.  In vivo expression of podocyte 

slit diaphragm-associated proteins in nephrotic patients with NPHS2 mutation. Kidney Int. 2004.66:945–54. 


