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Effects of erythropoietin, iron, and vitamin E on renal function and oxidative 

stress induced by gentamicin in rats were investigated. Rats were divided into 5 
groups; group 1 (control: NSS injection on day 1-12); group 2 gentamicin injection 
( 100 mg/kg s.c. on day 5-12 ); group 3 gentamicin plus erythropoietin (EPO) 
(gentamicin 100 mg/kg s.c., EPO 100 i.u./kg s.c. on day 5-12) group 4 gentamicin 
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i.u./kg s.c. on day 5-12  and) ; group 5 gentamicin plus EPO, iron, and vitamin E 
(vitamin E 250 i.u./kg orally on day 1-3, iron 500 mg/kg i.p. on day 4, gentamicin 100 
mg/kg, EPO 100 i.u./kg s.c. iron 500 mg/kg i.p., on day 5-12). The results showed that 
plasma creatinine and BUN concentrations of rats in group 2,3,4, and 5 were 
significantly increased while glomerular filtration rate (GFR) and effective renal 
plasma flow (ERPF) decreased. The fractional excretion of Na+ and K+ and protein 
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In conclusion, gentamicin induced nephrotoxicity by causing severe damage of both 
glomerulus and renal tubular cells with alteration of oxidative stress. EPO and iron 
did not alter renal function but vitamin E supplementation could improve blood flow 
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CHAPTER I 
 

 
INTRODUCTION AND AIMS 

 
 

Gentamicin is an aminoglycoside antibiotic that has a good activity against  

variety of bacteria especially gram negative bacilli. It is obtained from cultures of 

Micromonaspora purpurae. Gentamicin has seriously adverse effects notably 

nephrotoxicity shown by acute tubular necrosis (Mazzon et al., 2001). The mechanism 

of this drug is probably related to interference with phospholipids metabolism in the 

lysosome of proximal renal tubular cells resulting in leakage of proteolytic enzymes 

into the cytoplasm (Plumb, 2005). Nephrotoxicity is usually manifested by increased 

concentrations of blood urea nitrogen (BUN), creatinine, non-protein nitrogen in the 

serum and increased urinary enzyme both N-Acetyl-β-D-glucosaminidase (NAG) and 

gamma glutamyl transferase (γ-GT). The decreases in urine specific gravity and 

creatinine clearance with proteinuria were concomitant with the present of casts in the 

urine. Since gentamycin is nephrotoxic  aminoglycoside,  using this drug requires 

caution and patient monitoring. 

Administration of erythropoietin (EPO) improves anemic condition, renal 

function and acts as a growth factor by accelerating tubular cell regeneration (Bagnis 

et al., 2001). EPO has been used in many models of renal failure especially chronic 

renal failure (CRF). In 1990, Nagano and co-workers studied the effects of 

recombinant human erythropoietin on new anemic model rat induced by gentamicin. 

They found that  EPO can  improve both anemia and renal function. In 2000, 

Sommerberg and co-workers found that EPO decreased  plasma levels of lipid 

peroxidation and malondialdehyde (MDA) in CRF patients.  However, accelerated red 
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blood cell production using EPO requires iron supplementation. It has been 

demonstrated that intravenous iron promotes oxidative stress by catalyzing the fenton 

reaction (Lim and Vaziri, 2004) leading to glomerulosclerosis, tubular atrophy, 

interstitial fibrosis and renal failure (Zhou et al., 2000). Thus, giving iron may 

aggravate the renal function. Supplementation  of antioxidant such as vitamin E was 

suggested to improve renal damage as a consequence of iron. However, the study on 

the combination effects of EPO , iron and vitamin E on renal function and oxidative 

stress in gentamycin induced nephrotoxicity has not yet been demonstrated. 

Therefore, the aims of this study were to investigate; first, to study the effects of  EPO 

administration on renal function and oxidative stress in rat with gentamicin-induced 

renal injury, second, to study the effect of iron supplementation with EPO on 

erythropoiesis, renal function and oxidative stress, and third, to study the combination 

of EPO, iron and vitamin E on these parameters. 
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CHAPTER II 
 

          
            

LITERATURE REVIEWS 
 

 

Pharmacological of Gentamicin  

Gentamicin antibiotics had been the mainstays of treatment of serious 

infection due to aerobic gram-negative bacilli. However, since their use was limited 

by serious toxicity. Gentamicin that are derived from Steptomyces. The action of 

Gentamicin is believed to inhibit bacterial protein synthesis by mechanism determined 

for streptomycin and then gentamicin binds to separated 30s ribosome subunit, 

interfering with assembly of the functional ribosomal apparatus; or causing the 30s 

subunit of the complete ribosome to misread the genetic code. Polysomes become 

depleted because gentamicin interrupt the process of polysome desegregations and 

assembly ( Mycek et al., 1997)  

Gentamicin is bactericidal and effective only against aerobic organism since 

anaerobes lack the oxygen-requiring transport system. The highly polar, polycationic 

structure of the gentamicin prevents adequate adsorption after oral administration. 

Therefore, gentamicin must be parenterally to achieve adequate serum levels. 

The levels of gentamicin achieved in most tissue is low and penetration into 

most body fluids is variable. Concentrations in cerebrospinal fluid are inadequate 

even when the meninges are inflamed. High concentration accumulate in the renal 

cortex and in the endolymph and perilymph of the inner ear which may account for 

their nephrotoxic and ototoxic potential (Bunnett, 1996). It is important to monitor 

peak plasma levels of gentamicin to avoid concentrations that cause related-toxicities. 

Patient factors, such as old age, previous exposure to aminoglycosides, gender and 
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liver disease, tend to predispose patients to susceptible to nephrotoxicity and 

ototoxicity. Nephrotoxicity of gentamicin causes retention of drug by the proximal 

tubular cell disrupts calcium-mediated transport processes and result in kidney 

damage ranging from mild renal impairment to severe acute tubular necrosis which 

can be irreversible ( Mcglynn and Ryan., 1990). 

 

Gentamicin on renal function 

Nephrotoxicity induced by gentamicin manifests clinically as acute renal 

failure with rise in serum BUN and creatinine, reduction in GFR and renal plasma 

flow. (Leclercq et al., 1999, Baylis , 1980) 

After filtered at the glomerulus, a small proportional filtered gentamicin (2-5%) 

binds  and actively transports into proximal tubular cell. The drug can be taken up into 

the cell from both luminal and basolateral surfaces and exposed to mitochondria and 

microsome. After penetration into cytoplasm, the drug accumulates in the lysosomes, 

endosomes and golgi complexes (Ali, 1995, Paule et al., 1999). Subsequently, 

gentamicin remain with a long half life in the renal proximal tubular cell, leading to 

renal damage such as structural change and functional impairment of the plasma 

membrane mitochondria and lysosome ( Mingeot-Leclercq and Tulkens, 1999). A 

direct effect of gentamicin on the glomerulus has been seen at high dose (Baylis et al., 

1979). The impairment of glomerular filtration rate (GFR) is probably due to 

abnormalities of renal circulation or reduction of glomerular capillary ultrafiltration 

(Nakajima et al., 1994). Baylis and co-worker (1977) studied pathological  

mechanisms responsible  for impairment of GFR in gentamicin mediated nephropathy. 

They found many abnormalities of renal circulation such as renal vasoconstriction and 

reduction of glomerular capillary ultrafiltration coefficient (Kf) resulting in  decreased  
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GFR. In addition, treatment of experimental animals with gentamicin results in 

tubular cell injury and necrosis. These functional alterations suggest an impairment of 

tubular reasorption capacity resulting in increase in urinary excretion of  sodium and 

potassium (Cojocel et al., 1984).   In laboratory animal, after administration 

therapeutic dose (10-20 mg/kg b.w.) only for a few days can induce lysosome of 

proximal tubular cell alteration inconsistent with the accumulation of polar lipid 

myeloid bodies (Begg and Barclay, 1995). These changes are preceded and 

accompanied by signs of tubular dysfunction or alteration such as release of 

lysosomal enzyme from brush border, decrease reabsorbtion of filtered protein, 

wasting of K+, Mg+, Ca+ and glucose, and excretion of phospholipid and cast (Gilbert, 

1995). Gentamicin can also produce disturbance of plasma electrolyte homeostasis 

resulting in hypomagnesemia, hypocalcemia and hypokalemia (Ali et al., 1992,  

Foster et al., 1992). These electrolytes disturbances may be responsible for renal 

impairment.  

 High dose of gentamicin (40 mg/kg bw) in animals rapidly induced extended 

cortical necrosis and overted renal dysfunction (Kosek et al., 1974). The alterations of  

both structure  and function are observed in proximal tubular cell in initial stage. In 

addition, another effect that can also be found is inhibition of protein synthesis and 

modulation of gene expression resulting in mitochondrial alteration.    

 

Gentamicin on oxidative stress 

The mechanisms of gentamicin induced neprotoxicity remain unknown but the 

current information revealed a role of reactive oxygen metabolites have been 

implicated (Silan et al., 2007).  Sequential reduction of oxygen pathway leads to the 

generation of superoxide anion, hydrogen peroxide, hydroxyl radical, and water. 
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These are important mediators of tissue injury and dysfunction. Gentamicin has been 

shown to enhance the generation of superoxide anion and hydrogen peroxide by renal 

cortical mitochondria (Walker et al., 1999). The interaction between superoxide anion 

and hydrogen peroxide in the presence of metal catalyst can lead to generation of 

hydroxyl radical (Walker and Shah, 1988). Gentamicin has been shown to induce the 

release of iron from renal cortical mitochondria and enhance generation of hydroxyl 

radical (Walker and Shah, 1987).    Reactive oxygen species cause cellular injury and 

necrosis by several mechanisms including peroxidation of membrane lipid, protein 

denature and DNA damage (Ali, 2003). Cuzzocrea and co-workers (2002) studied the 

role of superoxide in gentamicin-mediated nephropathy in rats and found that 

gentamicin could induce renal failure by significant decrease in creatinine clearance 

and increase plasma creatinine levels, fractional excretion of sodium, lithium, urine 

glutamyl tranferase, daily urine volume, kidney myeloperoxidase and lipid peroxidase 

activity. Administration of gentamicin in  rat caused reduction in renal blood flow and 

inulin clearance as well as marked tubular damage. However, administration of 

superoxide dismutase (SOD), a free radical scavengers,  improved both glomerular 

filtration rate and renal blood flow  (Nakajima et al., 1994).  

An enhanced production of ROS has been demonstrated to be involved in the 

glomerular and tubular alterations characteristic of acute renal failure induced by 

gentamicin (Saldago et al., 2002). At the glomerular site, ROS induces 

glomerulonephritis with microthrombotic and microangiopathic lesions. The 

morphologic changes occurred such as oedema and dequamation of endothelium, 

denuding of basement membrane, thrombi, mesangiolysis, foot process fusion and 

epithelial vacuolarization (Gwinner et al., 2000).  Functional changes consist of 
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increased permeability with proteinuria and changes in intracellular haemodynamics 

(Shah, 2001). 

At the tubular site, ROS may cause swelling and detachment of cell from 

basement membrane resulting in cell lysis. Functional changes are increasing 

permeability, alteration in transmembrane potential and proliferative response. These 

lesions were present in study of reperfusion injury caused by gentamicin and 

cisplatinum. 

 

Pharmacological of Erythropoietin (EPO)  

 Erythropoietin (EPO) is a 34–kD glycoprotein which stimulates erythroid cell 

proliferation, differentiation and maturation of red blood cells in the bone marrow (Ng 

et al., 2003). Human and murine EPO genes have been cloned and their amino acid 

sequence is highly evolutionarily conserved. EPO is synthesized primarily by 

peritubular interstitial cells in the cortex or the outer medulla of the kidney (Fisher, 

2003). Beside, it can also produce in the liver particularly during fetal and neonatal 

life and can be greatly enhanced in response to low oxygen tension in arterial blood of 

both kidney and liver (Cheung and Miller, 2001). Ratcliffe and colleagues (1992) 

were the first report that EPO is produced in organs other than the kidney and the liver. 

Morever its receptor were expressed in the multiple tissues, including the vasculature, 

brain, uterus, heart and skeletal muscle (Sasaki., 2003, Sharples and Yaqoop., 2006).  

The constant level of the hormone concentration approximately 2 picomol/liter of 

EPO evokes the production of erythrocytes enough to maintain a sufficient 

oxygenation of organ and tissues. During anemia and other conditions of reduced 

oxygen supply to the kidney  the rate of  EPO secretion increases , which enhances 

the production of new erythrocytes.  EPO  functions by binding to the EPO receptor 
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result in homodimerization of the receptor, followed  by  activation of several signal 

transduction pathway (Ng et al., 2003). There was now abundant experimental 

evidence demonstrated that  EPO interacts with its receptor in many tissues to induce 

a range of cytoprotective cellular response. The cytoprotective cellular response were 

include mitogenesis, angiogenesis, inhibition of apoptosis and promotion of vascular 

repair (Johnson et al., 2006). The other effects of EPO include a hematocrit-

independent, vasoconstriction-dependent hypertension, increased endothelin 

production, upregulation of tissue renin, change in vascular tissue prostaglandins 

production (Fisher, 2003). 

 

Erythropoietin on renal function 

Acute renal failure (ARF) is associated with the development of anemia 

(Rainford et al., 1992). Tan and co worker (1996) studied the EPO production in rats 

with post-ischemic acute renal failure.They found that acute renal failure rats had 

mild anemia in associated with relative EPO deficiency. In the post ischemic kidney, 

a substantial capacity for EPO response to blood oxygen availability was significantly 

reduced.  Serum EPO concentration was markedly depressed relative to the degree of 

anemia in 10 patients with acute tubular necrosis with decreased renal function. The 

low serum EPO is due to defective synthesis rather than increased catabolism 

(Nielson and Thaysen, 1990). The level of EPO in patients with acute renal failure of 

various etiology rapidly decreased to a level inappropriately low for the hemoglobin 

value persisted throughout the oligulic phase and for up to 2 week after the restoration 

of normal renal function (Lipkin et al., 1990). Whether EPO is the crucial hormone 

related to tubular injury has been proposed. 
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In the recent study, experimental data have demonstrated several pleiotropic 

actions of EPO administrate red acutely such as limitation of apoptosis, promotion of 

neovascularization and anti-inflammatory effects (Covic and Tatomir., 2007). 

Bahlman and colleaques (2004) suggested that EPO can ameliorate chronic as well as 

acute renal failure. A number of studies in vivo investigations have shown that EPO 

can reduce the renal dysfunction and injury caused by oxidative stress, hypoxia and 

hemorrhagic shock generally by reducing caspase activation and apoptotic cell death 

(Abdelrahman et al., 2004 , Bagnis et al., 2001). Renoprotective effects and anti-

apoptotic effects of EPO have also been  reported in animal model of acute renal 

failure (Yang et al., 2003 , Westenfelder et al., 2002).  Sharples and co-worker (2004)  

reported that EPO protects the rat kidney in a model of severe ischemia-reperfusion 

injury with inhibition of caspase-3,-8, and -9 activation and reduced apoptotic cell 

death. The administration of a single dose of EPO in rats model before the onset of 

renal ischemic reperfusion injury showed  a significant reduction in tubular injury by 

a marked ameriolation of renal impairment and cytoprotective  effect by anti-

apoptotic action (Spandou et al., 2001) Bahlmann and colleagues (2005)  recently 

investigated whether low dose therapy with darbepoetin-α protects against renal 

dysfunction and injury in rats with chronic renal failure induced surgically with no 

significant change in systemic blood pressure or packed cell volume. Bagnis and co-

workers (2001) studied the effect of EPO after cisplatin-induced acute renal failure in 

rats. The results demonstrated that  a combination of cisplatin and EPO increased 

renal blood flow and glomerular filtration rate. After 9 days of treatment, tubular 

regeneration occurred with significant enhancement of tubular cell proliferation by 

increasing number of positive cell, which detected from proliferating cell nuclear 

antigen (PCNA). These results suggested that EPO may act as a growth factor on 
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tubular cell leading to accelerated recovery of renal function (Vazari et al., 1994). The 

renoprotective effects of EPO were not only ameliorated renal hypoxia by correcting 

anemia but also enhanced renal microvascular cell survival and angiogenesis (Kang et 

al., 2005).  

 

Erythropoietin on oxidative stress 

Oxidative stress is a prominent cause of ischemic renal disease. In addition 

ischemia induced tubulo-interstitial fibrosis, progression of renal failure, dysfunction 

of renal vasculature mediated by glomerular-capillary sclerosis and loss of peritubular 

capillaries ( Pillebout et al., 2001).  

 Sommerburg and co-workers (2000) investigated  the role of renal anemia on 

oxidative stress by measuring two lipid peroxidation (LPO)products,malondialdehyde 

(MDA) and 4-hydroxynonenal (HNE) in the plasma of hemodialysis patients who 

received EPO therapy. They  found that EPO can correct anemia and rejuvenate red 

blood cells. It significantly decreased plasma level of LPO products, MDA, and 

increase in whole blood antioxidant capacity in patients with CRF.  

 

Pharmacological of Iron  

  Iron dextran is a complex of ferric oxyhydroxide with low molecular weight. 

The commercially  available injectable form appeared as a dark brown, slightly 

vicious liquid that is completely miscible with water or normal saline and has a pH of 

5.2-6.5. Iron is necessary for myoglobin and hemoglobin in the transportation and 

utilization of oxygen. It does not stimulate erythropoiesis nor correct hemoglobin 

abnormalities. Iron dextran is used in both treatment and prophylaxis of iron 

deficiency anemia  either as a result of enhanced utilization or insufficient absorption 
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of dietary iron (Plumb, 2005). Total body iron stores in healthy individuals amount to 

800 to 1200 mg but vary according to body size (Eschbach, 2005). Normal blood 

contains approximately 130 to150 mg of hemoglobin per milliliter and each gram of 

hemoglobin contains 3.4 mg of iron. Although most of iron in the body is in the form 

of hemoglobin, iron is also store in tissues as hemosiderin and ferritin. In blood, it is 

bound to transferrin, a carrier protein. Absolute iron deficiency arises when the total 

body iron stores are insufficient to meet haematopoietic demands (Clark et al., 1992). 

Iron deficiency develops when the amount of iron in the body is less than that 

required for formation of haemoglobin and maintain adequate erythropoiesis. 

Functional deficiency of iron may occur due to enhanced erythropoiesis after therapy 

with recombinant human erythropoietin that often necessitates therapy with 

intravenous iron. However, iron therapy is potentially  toxic  due to  participation of 

elemental iron in oxidation-reduction reaction (Agarwal et al., 2004)..  

Acute iron toxicosis causes cellular damage as a result of the presence of 

unbound iron in the circulation. Free iron penetrates the cell of the liver, heart, and 

brain. At cellular levels, free ion causes increased lipid peroxidation with resulting 

membrane damage to mitochondria, microsomes, and other cellular organelles. 

Because no mechanism for the excretion of iron exists, the toxicity depends on the 

amount of iron already present in the body. Consequently, some animals can develop 

clinical signs of iron toxicosis even when given dose that cause no problem in other 

animals (Humlee, 2004). 

 

Iron and oxidative stress 

Iron is a very reactive transitional metal that can change valences states, from 

ferrous to ferric and then back to ferrous form, very rapidly. Iron can produce free 
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radicals. These free radicals can initiate autooxidation of polyunsaturated fatty acids 

(Connell et al., 1985). It is wildly appreciated that parenteral iron can initiate 

oxidative reaction. Iron –mediated oxidative stress however depends on its carrier (e.g. 

increased injury with adenosine diphosphate and decreased injury with ferritin).  

Parenteral iron (Fe) is frequently used in conjunction with erythropoietin for 

the treatment of anemia of CRF. However, concerns have been raised about excess 

parenteral iron administration, which may overload the catalytically active iron and 

promote oxidative stress. These may accelerate cardiovascular disease, risk of 

infection and allergic reaction (Afzalib and Goldsmith, 2004). In addition, iron 

overload can increase production of reactive oxygen species (ROS) and diminish 

nitric oxide availability. These events can contribute to pathogenesis of renal lesions 

(Zainal et al., 1999). The generation of  highly  reactive cytotoxic hydroxyl radical 

(.OH)  is facilitated by ferrous ion (Fe 2+) which catalyzed fenton reaction resulting in 

a significant increase in plasma concentration of lipid peroxidase product and 

malondialdehyde which has been demonstrated in CRF rat (Lim and Vaziri, 2004). 

Iron was also shown to produce oxidative stress by increasing in plasma concentration 

and urinary excretion rate of MDA.  These was accompanied by ezymuria, protienuria 

and tubular damage (Agarwal et al., 2004). The reaction were shown as follow ; 

 

Fe 3+  + O- .
2      →   Fe 2+  +  O2                                      (1) 

Fe 2+  + H2O2    →     Fe 3+  +   .OH  +  OH-                    (2) 

O- .
2   +  H2O2   →     O2  +  .OH  +  OH-                         (3) 

 

Iron is easily oxidized and reduced. The iron catalyzed Haber-Weiss reaction 

(3) leads to the generation of the highly reactive hydroxyl radical, which is a potent 
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oxidant. The Haber-Weiss reaction is a composite of the Fenton reaction (2)  and an 

iron catalysed generation of divalent oxygen from its superoxide anion(1). Sequential 

reductions of oxygen along the univalent pathway lead to the generation of superoxide 

anion, hydroxyl radical, water, and hydrogen peroxide. 

Moreover, iron overload has been linked to the progression of renal disease. 

Iron overload can lead to glomerulosclerosis, tubular atrophy, interstitial fibrosis and 

iron deposition in the glomeruli, proximal and distal tubule (Zhou et al., 2000). 

Administration of parenteral iron has direct glomerular as well as tubular accesses via 

peritubular capillaries, resulting in progression of glomerular and tubulointerstitial 

disease (Zager et al., 2004) 

 

Pharmacological of Vitamin E (alpha-tocopherol) 

Vitamin E is a lipid soluble vitamin that can be found in either liquid or solid 

form. The liquid form comes in clear, yellow to brownish red, vicious oils that is 

insoluble in water but soluble in alcohol and miscible with vetgetable oils (Plumb, 

2005). Vitamin E includes eight different related homologous, that is α, β, γ, and δ  

forms, depending on the number and site of methyl substituents on the chroman ring. 

Vitamin E is defined as tocopherols and tocotrienols. Alpha-tocopherols is the most 

abundant  active form in vivo (Niki and Noguchi, 2004). Also, α- tocopherols is the 

most potent naturally occurring scavenger of reactive oxygen species (Tucker and 

Townsend, 2005). Absorption of vitamin E is highly depentdent upon the fatty acid 

digestion and metabolism. Vitamin E is absorbed as micelle and chylomicron and 

cross the unstirred water layer follows by releasing its contents into the enterocytes. 

Vitamin E  is a lipid soluble vitamin and therefore over 90% of total body vitamin E 
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is found in the adipose tissue and is excreted mainly via bile, urine, feces and skin 

(Traber, 1999). 

Vitamin E is also known as alpha tocopherol which is an integral part of 

cellular membrane. The main role is to defend  the cell against oxidation within a cell 

and organelles especially mitochondria. Vitamin E is the first line of defense against 

lipid peroxidation and also plays a very important function in red blood cell flexibility, 

and hemolysis  (Plumb, 2005). 

Vitamin E is considered to be the major chain breaking antioxidant in 

membrane and helps to reduce production of prostaglandin such as thromboxane. 

Bradford et al (2003) has reported two roles of α- tocopheral in membrane 1) as a 

lipid soluble antioxidant that acts to prevent the free radical damage of unsaturated 

fatty acid and 2) as a membrane stabilizing agent through its van der waals interaction 

with membrane phospholipid to prevent the damage from phospholipase. The 

mechanism of vitamin E to stabilize membrane is possibly by increasing the 

“oderliness of membrane lipid packaging’’.   This effect allows  a tighter packing of 

the membrane resulting in greater stability to the cell ( Tiddus et al, 1998). 

 

Vitamin E and oxidative stress 

In normal physiological condition, the mitochondrial transport system 

consumes more than 85% of all oxygen used by cell and up to 5% of oxygen 

consumed by mitochondria is converted to superoxide, hydrogen peroxide and other 

reactive oxygen species (Chance et al., 1979). There were numerous reports which 

showed that vitamin E acts as a radical-scavenging antioxidant. Chow et al (1999) 

studied the link between vitamin E and the production of hydrogen peroxide in 

mitochondria. They showed that vitamin E can directly regulate hydrogen peroxide 
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production in mitochondria and suggested that the over production of mitochondrial. 

ROS is the first event leading to the tissue damage observed in the vitamin E 

deficiency syndromes. Progression to renal failure is significantly worsen by 

oxidative stress in kidney disease. The membrane antoxidant vitamin E, α–tocopheral, 

is examined as a potential therapeutic intervention, that may help to slow the rate of 

decline of kidney function and collect plasma antioxidant status (Fryer, 1998). In 

advance CRF, the endogenous antioxidant enzyme (SOD, catalase, glutathione 

peroxidase) are decreased (Kavutcu et al., 1996). Supplements with antioxidants, 

vitamin E and C, can be considered as a  treatment  in CRF . However, when use in 

large quantities, vitamin C can potentially exacerbate oxidative stress by catalyzing 

conversion of Fe3+ to Fe2+, which favors formation of hydroxy radical (Vazari, 2004). 

Thus, vitamin E is an option. Intravenous administration of iron sucrose in dialysis 

patients caused increased total peroxide, free iron, and marker of lipid peroxidation 

(Agarwal et al., 2004). The improvement was found after supplement with vitamin E 

(Roob et al., 2000). Moreover, vitamin E supplementation has been associated with 

amelioration of oxidative stress and anemia in renal disease (Vaziri, 2004).  

Dillioglugil and co-worker (2005) have shown that cisplatin combination with vitamin 

E 200, 400 mg/kg  decreased MDA and nitric oxide level and increased GSH and 

SOD level when compared with the cisplatin injection alone.  Furthermore, vitamin E 

deficiency led to progressive oxidative stress damage on renal structure and function. 

Oxidative renal injury in vitamin E deficient rats is reflected by a marked elevation in 

the serum creatinine/creatol molar ratio mediated by hydroxyl radicals (Osasa et al, 

1997).    
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Vitamin E and gentamicin 

Vitamin E has been used to ameliorate gentamicin nephrotoxicity and 

oxidative stress. Abdel-Naim and co-worker (1999) showed that vitamin E 

pretreatment significantly lowered both the elevated serum urea and creatinine levels, 

and the urinary activity of NAG and γ-glutamyl transferase. In addition, vitamin E 

ameliorated the rise in renal content of MDA and enhanced the renal content of 

reduced non-protein sulphydryls (NPSH) as well as SOD activity. Kavutcu and co-

worker (1996) demonstrated that the kidney tissue from guinea pigs treated with 

gentamicin plus vitamin E showed increases in Mn-superoxide dismutase, glutathione 

peroxidase, catalase and xanthine oxidase compared with group treated with 

gentamicin alone. Another study revealed that vitamin E can prevent the gentamicin-

induced  reduction in renal tissue glutathione content  (Kadkhodaee et al., 2005). 
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CHAPTER III 

 

MATERIALS AND METHODS 

 

Experimental Animals 

The experiment was performed in accordance with the institutional guidelines 

and conformed to the Faculty of Veterinary Science, Chulalonkorn University. Male 

spraque-Dawley  rats, weighting between  250-300 g  obtained from NLAC.  (Salaya 

District, Nakhonprathom province Mahidol University) were used in this study.  The 

animals were housed under standard conditions of light and dark cycle (L:D=12:12) 

with free access to regular rat chow and water. The animals were adapted to the 

laboratory condition before use for seven days and randomly assigned into 5 groups 

each including 14 animals.  

 

Experimental protocol 

Group 1. Control group (n= 14) rats were injected daily with normal saline solution 

subcutaneously to replace gentamicin and EPO. Intraperitoneal normal saline (NSS) 

was injected to replace iron dextran. Propylene glycol was fed to replace vitamin E, 

once daily for 3 consecutive (day 2-4)  prior to gentamicin administration on day 5. 

Group 2-5 were injected with gentamicin daily starting from day 5 for 8 consecutive 

day. 

Group 2.  Gentamicin groups (n= 14) rats  were injected subcutaneously daily with 

gentamicin sulfate at a dose of 100 mg/kg for 8 days (day 5-12). NSS was injected to 

replace EPO and iron. Propylene glycol was fed to replace vitamin E . 



 18

Group 3. Gentamicin + EPO (n= 14) In addition to gentamicin, rats were daily 

injected with EPO 100 IU/kg  subcutaneously starting from day 5 until day 12. NSS 

was injected to replace gentamicin and iron. Propylene glycol was fed to replace 

vitamin E . 

Group 4. Gentamicin + EPO + Iron  (n= 14) In addition to gentamicin and EPO, 

rats  were injected with a single dose of intraperitoneal iron dextran once at a dose of 

500 mg/kg on day five. Propylene glycol was fed to replace vitamin E. 

Group 5. Gentamicin + EPO + Iron +Vitamin E (n=14) ) In addition to gentamicin, 

EPO and iron, vitamin E 250 mg/kg was fed once daily for 3 consecutive day prior to 

gentamicin administration ( day 2-4 ). 

 Body weight and food intake were recorded daily throughout the 

experimental period. On the first day of experiment, each animal was  kept in 

metabolic cage with free access of water for measurement of urine volume, urinary 

protein concentration, electrolyte concentration, osmolarity and malondialdehyde 

(MDA). Plasma was collected by cutting tip of tail vein for measurement of blood 

urea nitrogen (BUN), creatinine.  

At day 11 urine was collected again from rats for 24 hrs from metabolic cage  

with free access to water for measurement of urine volume, urinary protein 

concentration,  electrolyte (Na+, K+, Cl-), osmolarity and MDA. Renal clearance study 

was performed in 5 rats in each groups on day 12 and collected urine for measurement 

of urine NAG. Seven separated rats were undergone to study oxidative stress at the 

same protocol without measurement of renal function. Rats were anesthesized by 

Tiletamine-Zolazepam (zoletil®;50 mg/kg) and cardiac puncture was performed  to 

collect 5 ml of blood for measurement of creatinine, BUN, osmolality and electrolytes 

(Na+, K+, Cl-). The kidneys were removed immediately. The left kidney was used for 
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measurement of lipid peroxidation. The cortex of kidney was homogenated and stored 

at -70˚ C for the determination of MDA, SOD, GSH and catalase activities.  

 
 
Group I.  Control group 
 
 NSS  i.p. (แทน iron) 
P1                                                                                         P12 
                   Day 5                                         Day 11       Day 12 
 
                                                                           U11          U12 
Propylene glycol       NSS s.c.    renal clearance, oxidative stress 
   oral                                                                              
U1                             NSS s.c. 
                            
 
 
 
Group II. Gentamicin group 
 
 NSS  i.p. (แทน iron) 
P1                                                                                          P12 
                   Day 5                                         Day 11          Day 12 
 
U1                                                                       U11           U12 
 
 Propylene glycol gentamicin 100 mg/kg  s.c.     renal clearance, oxidative stress 
     oral                                                                          
                              NSS s.c.  
                                    
 
 
 
 
Group III. Gentamicin + EPO  group 
 
NSS  i.p. (แทน iron) 
P1                                                                                          P12 
                   Day 5                                         Day 11         Day 12 
 
U1                                                                       U11           U12 
 
 Propylene glycol      gentamicin 100 mg/kg  s.c.     renal clearance, oxidative stress            
                                                                               
   oral                         EPO   100 IU/kg s.c. 
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Group IV.  Gentamicin + EPO + Iron group 
 
            Iron 500 mg/kg i.p.  
P1                                                                                        P12 
                   Day 5                                         Day 11          Day 12 
 
U1                                                                       U11           U12 
 
 Propylene glycol      gentamicin 100 mg/kg  s.c.         renal clearance, oxidative stress 
 oral                 
 
                                                                             
 
 
 
 
Group V.  Gentamicin + EPO + Iron + Vitamin E group 
 
            Iron 500 mg/kg i.p. 
P1                                                                                          P12 
                   Day 5                                         Day 11          Day 12 
 
U1                                                                        U11          U12 
 
Vitamin E  oral     gentamicin 100 mg/kg  s.c.      renal clearance, oxidative stress 
  250 mg/kg                                                            
                              EPO   100 IU/kg s.c.            
                                                                            

     EPO 100 IU/kg s.c. 

 
 
 
U1 and U11:   Urine sample were collected on day 1 and day 11 for measurements of  

urinary protein, creatinine, volume, electrolyte (Na+, K+, Cl-), 

osmolarity, MDA 

U12 :    Urine sample were collected on day 12 for measurements of urinary 

NAG 

P1 :     Blood was collected in day 1 for measurements of Hct,BUN, creatinine 

P12 :     Blood was collected in day 12 for measurements of Hct,BUN, 

creatinine, osmolarity, electrolyte (Na+, K+ ,Cl-) 

Kidney :  Left kidney  was collected in day 12 for measurements of  MDA, GSH, 

SOD, CAT 
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Operative procedure of renal clearance study 

For renal clearance study, each rat was anesthesized with Zoretil® 

(Tiletamine-Zolazepam) at dose of 50 mg/kg bodyweight via an intraperitoneal 

injection. Tracheotomy  was carried out and a short piece of PE 240 catheter was 

inserted into the trachea for aspirating secretion and use as an artificial airway. The 

right femoral artery and vein  were cannulated with PE50 catheters. The right femoral 

artery was used for blood collection and also be used to monitor arterial blood 

pressure by connecting to a pressure transducer  with a glass polygraph recorder. A 

polyethylene catheter was cannulated into the right femoral vein for infusion of inulin 

and para-aminohippurate  (PAH) solution.  The abdominal midline incision was 

perform and urinary bladder was located while the PE250 catheter will be inserted for 

urine collection. Urine were collected into a pre-weighed eppendrof. 

 

Renal clearance study  

The Clearance study was started  by infusion a mixture of 1% inulin, 0.2% 

PAH and 6% mannitol in normal saline at the rate of 1 ml/h/ 100 g bodyweight  

continuously for 45 minutes to stabilized plasma inulin and PAH concentration. After 

equilibration period, three time of urine collection (U1, U2, U3) along with arterial 

blood sampling at midpoint of urine collection (P1, P2, P3) were performed.  Bovine 

serum albumin (6%)  was administered after blood collection at the same volume to 

replace blood losses. Each urine collection period will be 20 minutes.  Urine volume 

was measured from the weight change of pre-weighed eppendrof. Blood sample was 

use for determination of packed cell volume. Plasma and urine were kept at -20˚ c for 

further analysis. 
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Infuse (inulin+PAH+manitol) 

                                       P1                     P2                      P3 

 

 

         0               45         55        65          75         85          95        105      min 

                                        U1                     U2                     U3                   

 

P1+P2+P3  :  inulin, PAH, Hct 

U1+U2+U3  :  inulin, PAH 

 

Analytical procedures determination of blood urine and kidney samples 

The inulin concentration was determined by the Antrone method as described 

by Young and Raisz (1952).  The PAH concentration was determined by the method 

of Brun (1951). Sodium and potassium was measured by flame photometer (Flame 

photometer  410C, Ciba Corning Inc., USA). Chloride was measured by chlorimeter 

(Chloride analyzer 925, ciba Corning Inc., USA)  Osmolarity was measured by 

osmometer  (Osmometer 3D3, Advance  Instruments Inc., USA). Urine protein 

concentration was measured by  precipitating with sulfosalicylic while kidney protein 

concentration was measured according to Lowry et al (1951). The creatinine 

concentration was analyzed by Jaffe reaction. Plasma urea nitrogen concentration was 

analyzed by the colorimetric method. Urine and kidney  MDA was measured by 

method as described by Ohkawa et al (1979).  Kidney catalase activity was 

determined following the method of Aebi et al (1983). Kidney SOD activity was 

measured following the method of Maccord and Fridovich (1969). Kidney glutathione 
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was measured by a modification method of Beutler et al (1963). Urinary NAG was 

measured by enzymatic method.  

 

Determination of kidney and urine MDA 

Determinations of kidney and urine MDA were performed according to the 

method described by Ohkawa et al (1979). The renal cortex was removed and 

immediately placed in iced phosphate buffered saline. Fat and surrounding capsule 

and fascia was excised, and remaining tissue was homogenized with  homogenizer.  

The homogenized tissue was centrifuged at 600 g for 10 minutes. 100 µl of 

supernatant was added to a reaction mixture consisting of 50 µl  (BHT), 100 µl 8.1% 

sodium dodecyl sulfate (SDS) , 750 µl 20 % acetic acid, 750 µl 0.5% thiobarbituric 

acid, and 250 µl of water. This solution was placed in water bath kept at 95º C for 60 

minutes.  After removal from the water bath 2 ml of n-butanol-pyridine was added 

and samples were agitated and subsequently centrifuged at 4,000 g for 10 minutes. 

The upper organic layer was pipetted off and centrifuged at 8,000 g for 10 minutes 

and then the absorbance of this fraction was read at 532 nm in spectrophotometer. 

Malondialdehyde tetraethylactal  were employed as the standard. MDA values were 

expressed as nanomol per milligram protein which was determined by using Lowry 

method. 

 To determine urine MDA concentration,  250 µl of urine was employed with 

MDA assay described above.  

 

Determining of kidney GSH 

Renal GSH content was measured by a modification of Beutler et al. (1979). 

Renal cortex tissue (0.2 g) was suspended in 1.8 ml of 100 mM KCl plus 0.003 M 
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EDTA and homogenized as described above for determination of MDA. The 

homogenates were centrifuged at 600 g for 10 minutes. The 1 ml of supernatant was 

added to 1.5 ml metaphospholic acid, and particulate debris was removed by the 

centrifugation at 3,000 g for 10 minutes. Reduced GSH was measured by adding 500 

µl of supernatant to 2.0 ml of 0.2 M phosphate buffer and 0.25 ml 0.04% 5,5´dithio-

bis 2-nitrobenzoic acid. The absorbance was read at 410 nm. GSH (sigma) was used 

as the external standard. GSH content was expressed as nanomoles of GSH per 

milligram homogenate protein. 

 

Determination of kidney catalase activity 

Catalase activity was determined using the method of Aebi et al. (1983). Slice 

of renal cortex tissue (0.2 g) was transferred to tubes containing 1% Triton x 100 

following homogenization. The homogenates were centrifuged at 3,000 rpm for 20 

minutes The 100 µl of supernatant was added to 1.9 ml of phosphate buffer and read 

at 240 nm. One ml of 30 mM H2O2 was added to start the reaction. The change in 

absorbance was read at 240 nm every 30 seconds for 1-2 minutes using UV-Vis 

spectrophotometer. The catalase was used as external standard catalase as unit of 

catalase per milligram protein. 

 

Determination of kidney SOD activity  

Renal SOD content was measured by a modification of Maccord and 

Fridovich (1969). Renal cortex tissue (0.1 g) was suspended in 1.5 ml of PBS (100 ml 

50 mM phosphate buffer pH. 7.8 containing 0.1 mM EDTA ) and homogenized as 

described for the determination above for MDA. One unit of SOD was defined as that 

amount of enzyme which inhibits the rate of cytochrome c reduction, under the 
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specified, by 50 %. To be able to extrapolated accurately to this value of 50% inhibit, 

one should use several dilutions of one enzyme solution. For relative activity 

measurements, the data were related to  standard  preparation   utilizing  a  plot    1/∆E  

min-1 versus standard. Solution B (xanthine oxidase in 0.1 mM EDTA) is kept on ice. 

solution A (0.76 mg xanthine and 24.8 mg cytochrome c) was mixed with 100 ml  50 

mM phosphate buffer) and kept at 25ºC. The processes in reading were as follows (1) 

pipet 2.9 ml of solution A into cuvette; (2) add 50 µl of sample or SOD standard; (3) 

start the reaction with 50 µl of solution B ; (4) after mixing record the absorbance at 

550 nm; (5) plot 1/∆E min-1 derived from the linear part of the reaction versus 

concentration of SOD standard. 

Calculation 

Mean arterial blood pressure               =             DP+1(PP) 
              3 

Glomerular filtration rate (GFR)          =          Uin x V 
                                                                                           Pin

Effective renal plasma flow (ERPF)     =            UPAH x V 
                                                                                        PPAH

Effective renal blood flow(ERBF)        =    (ERPF)  (100) X 

       (100-PCV) 

Filtration fraction (FF)                                =            GFR x 100 
                                                                                           ERPF 

Urinary excretion of substance                   =            U x V 

     

Fractional excretion of electrolyte (FEx)     =           U V        100 
                                                                                            P            a 

X  X 

                                                                                                      GFR 

    
Cosm                                        =            Uosm x V

                                                                            Posm

    CH2O                                       =           V- Cosm
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Parameters 

1. Glomerular filtration rate (GFR) 

2. Effective renal plasma flow (ERPF) 

3. Effective renal blood flow (ERBF) 

4. Mean arterial blood pressure (MABP) 

5. Urine flow rate 

6. Osmolar clearance 

7. Fractional excretion of sodium, potassium and cholide 

8. Urinary protein excretion 

9. Urinary sodium, potassium, chloride excretion 

10. Urinary malondialdehyde excretion 

11. Urinary NAG/creatinine ratio  

12. Hematocrit 

13. Plasma creatinine 

14. Plasma urea nitrogen 

15. Plasma osmolarity 

16. Plasma sodium, potassium and cholide 

17. Kidney malondialdehyde 

18. Kidney reduced glutathione 

19. Kidney superoxide dismutase 

20. Kidney catalase 
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Statistical  analysis 

Data were expressed as mean + S.E.  Paired t-test design used to compare data 

in the same group before and after treatment.  The data among groups were  compared 

with one-way ANOVA and post hoc analysis with Student Newman-Keuls method 

were used to compaire the data in all pairwises.  Non- parametric method was used to 

compare same data between groups in which normality failed by one way ANOVA on 

ranks and Dunn for multiple pairwises. Differences between mean were considered 

significant at p < 0.05. The Sigma-Stat program was used for statistical analysis. 
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CHAPTER  IV 

 

RESULTS 

 

Body weight 

The daily body weight of rats in each group throughout the experimental 

periods are shown in figure 1. The percent decreases in body weight were found on 

day 12 in rats which received gentamicin plus EPO (group 3), gentamicin plus EPO 

and iron (group 4), gentamicin plus EPO iron and vitamin E (group 5) when 

compared with rats in group 1 (normal control group) and group 2 (gentamicin alone). 
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Figure 1.  Daily  percent change of body weight gain in five groups of rats. 

The data are shown as percent change in body weight 
a,b  Means with different superscripts differ significantly  (p<0.05)  
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Food intake 

       Food intake in each group are presented in figure 3. After injected gentamicin, 

food intakes in goup 2, 3, 4, and 5 were declined  when compared with group 1. 
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Figure 2. Daily change in mean values for food intake in five groups of rats.  

a,b  Means with different superscripts differ significantly  (p<0.05)  

 

Plasma creatinine and plasma urea nitrogen (BUN) concentrations 

Results of plasma creatinine are shown in table1 and figure 3.  By comparing 

between day 1 before treatment and day 11, group 3, 4, and 5 had significantly higher 

of the plasma creatinine concentration (p< 0.01). By comparing among groups, in 

group 3 and 4, which received EPO and EPO plus iron, the plasma creatinine 

concentration were significantly higher than that of control group (p<0.05).  In rats 

which received vitamin E, the plasma creatinine concentration tended to be lower than 

group 3 and 4. 
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Table 1. Creatinine and BUN before and after treatment in each groups. 

  
Creatinine 

(mg%) 

 
BUN 

(mg%) 
  

Day 1 
 

Day 11 
 

Day 1 
 

Day 11 
 

group 1 
(n=7) 

 
0.814+0.194 

 
0.557+0.057 A

 
21.20+2.62 

 
19.11+1.73A

group 2    

(n=8) 

0.663+0.084 1.287+0.232 AB 21.12+0.45 33.66+8.01††AB

group 3 

(n=9) 

0.611+0.077 2.100+0.252††B 20.46+1.276 53.45+7.27**B

group 4 

(n=9) 

0.711+0.102 1.818+0.271**B 22.400+0.884 50.36+7.69*B

group 5   

(n=9) 

0.456+0.024 1.267+0.100††AB 21.11+1.25 39.36+3.04***AB

 

The data are shown as mean + S.E. 

*= p<0.05 ; **= p<0.01; ***=p<0.001 significantly compared with before treatment  

using paired t-test 

††=p<0.01   significant compared with before treatment using Wilcoxon Signed Rank  

test 

A,B  Means with different superscripts differ significantly between groups (p<0.05) by  

using one way ANOVA on rank 
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Figure 3. Mean values for the plasma creatinine concentration in five groups of rats  

before and after treatment. 

The data are shown as mean + S.E. 

**= p<0.01 significantly compared with before treatment using paired t-test 

††=p<0.01 significant compared with before treatment using Wilcoxon  

Signed rank test 

A,B  Means with different superscripts differ significantly between groups  

(p<0.05) by using one way ANOVA on rank 

The plasma urea nitrogen concentrations are presented in table 1 and figure 4. 

The results of BUN concentrations in group 2, 3, 4 and 5 were significantly higher on 

day 11 compared to day 1. When comparing between groups, rats receiving EPO with 

and without iron had significantly higher BUN compared with normal control group 

(p<0.01 and p< 0.05,  respectively).  
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Figure 4. Mean values for BUN in five groups of rats before and after treatment 

The data are shown as mean + S.E. 

*= p<0.05 ; **= p<0.01; ***=p<0.001 significantly compared with before  

treatment using paired t-test 

††=p<0.01significant compared with before treatment using Wilcoxon  

Signed Rank test 

A,B  Means with different superscripts differ significantly between groups  

(p<0.05) by using one way ANOVA on rank 

 

 

 

 



The pack cell volume (PCV) measuring on day 1 in group 1, 2, 3, 4 and 5 were 

45.0+2.3%, 49.2+2.3%, 44.9+1.1%, 44.4+1.2%, 42.9+0.7%  respectively. When 

measuring  PCV on day 11, PCV in group 1, 2, 3, 4 and 5 were 41.8+1.6%,39.1+0.7%, 

47.7+2.1%, 44.1+1.9%, 44.3+0.9% respectively. Only group 2 had lower PCV 

significantly compared with day 1 (p<0.05). By comparing among groups on day 11, 

PCV in group 2  was significantly lower than group 3.

ERPF was markedly reduced in group 2,3,4 and 5. Although the differences 

were found only in group 3 and group 4. The percent reduction of ERPF was higher 

than GFR resulting in higher FF values in group 2,3 and group 4. The highest FF was 

found in group 3 which received EPO. Group 2, 3, and 4 had higher renal vascular 

resistance when compared with group 1. The ERPF in group 5 which received vitamin 

E in combination with gentamicin, EPO, and iron was higher than that of group 2. 

Thus, FF was decreased in group 5.  The RVR in group 5 was lower than .group 2, 3, 

and 4. The values of mean arterial blood pressure were not different among groups 

(figure 6). 

GFR was significantly lower in group 2, 3, 4 and 5 that received gentamicin, 

with and without other treatments. Group 3, 4 and 5 showed a similar reduction of 

GFR compared with group 2 which received gentamicin alone. 

The values of the glomerular filtration rate (GFR), effective renal plasma flow 

(ERPF), effective renal blood flow (ERBF), filtration fraction (FF), mean arterial 

blood pressure (MABP) and renal vascular resistance (RVR) in each group of rats are 

shown in table 2 and figure 5.   

Effects on renal hemodynamics 
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Table 2.  Glomerular filtration rate (GFR), effective renal plasma flow (ERPF), effective renal blood flow (ERBF), filtration fraction(FF), mean 

arterial blood pressure (MABP) and renal vascular resistance (RVR)in all groups. 

GFR 

(µl/g/min) 
 

 
ERPF 

(µl/g/min) 

 
ERBF 

(µl/g/min) 

 
FF 

(%) 

 
MABP 

(mmHg) 

 
RVR 

(mmHg/µl.g-1.min-1) 

 
group 1(n=7) 

 
3.221+0.444 a

 
17.97+2.54 A

 
28.75+5.71 

 
17.13+1.21 

 
86.86+5.35 

 
3.149+0.591A1 

group 2(n=8) 1.564+0.263 b 9.18+2.17 A 16.76 +3.99 24.47+5.00 86.36+3.14 11.086+4.431AB

group 3(n=9) 1.016+0.195 b 6.02+2.01 B 12.16+4.08 25.51+3.85 92.54+2.36 22.387+8.638B1

group 4(n=9) 1.261+0.297 b 6.93+1.99 B 14.02+3.99 23.88+4.88 94.87+6.79 13.439+3.124AB

group 5(n=9) 1.497+0.178 b 12.26+2.17 A 24.97+4.24 14.88+2.01 91.90+4.05 5.617+1.484 AB

 

The data are shown as mean + S.E. 

a,b   Means with different superscripts differ significantly  (p<0.05) 

A,B  Means with different superscripts differ significantly between groups  

 (p<0.05) by using one way ANOVA on rank 
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Figure 5. Mean values of glomerular filtration rate (GFR), effective renal plasma 

flow (ERPF), effective renal blood flow (ERBF), filtration fraction(FF), renal 

vascular resistance (RVR) in five groups. 

The data are shown as mean  + S.E. 

a,b Means with different superscripts differ significantly between groups  

      (p<0.05) 

A,B  Means with different superscripts differ significantly between groups  

                      (p<0.05) by using one way ANOVA on rank 
 
 



 36

MABP

group

0 1 2 3 4 5 6

m
m

H
g

0

20

40

60

80

100

120

M
A

B
P

  (
m

m
H

g)

 

 

Figure 6. Mean values of mean arterial blood pressure in five groups  

The data are shown as mean  + S.E. 

 

Plasma electrolyte concentrations in all groups at day 12 of treatment 

The plasma electrolyte concentrations  (Na+, K+, Cl-) and plasma osmolarity at 

day 12 of treatment are presented in table 3.  No significant differences were found in 

plasma (Na+, K+, Cl-) and osmolarity in all groups. 

 

 

 

 

 

 



 37

Table 3 .The plasma electrolyte concentrations in all groups at day 12 of treatment 

 
Plasma 

 

 
Na(mEq/L) 

 

 
K(mEq/L) 

 

 
Cl(mEq/L) 

 

 
Osm(mOsm/L) 

 
 
group1 

 

 
130.0 +6.5 

(n=16) 

 
5.31+0.22 

(n=16) 

 
105.6+1.3 

(n=16) 

 
294.5+10.1 

(n=16) 

group 2 143.1 +10.7 

(n=14) 

5.61+0.52 

(n=14) 

103.9+1.5 

(n=14) 

315.0 +5.7 

(n=14) 

group 3 133.2 +16.3 

(n=11) 

5.34+0.41 

(n=9) 

102.8+2.0 

(n=11) 

311.8+5.3 

(n=11) 

group 4 142.3+8.9 

(n=15) 

5.30+0.31 

(n=15) 

102.0+1.5 

(n=15) 

312.9+4.7 

(n=15) 

group 5 134.6+ 10.9 

(n=14) 

5.07+0.44 

(n=14) 

102.0+1.4 

(n=14) 

313.5+5.4 

(n=14) 

 

The data are shown as mean + S.E. 

 

Urine flow rate, fractional electrolyte excretion(Na+, K+, Cl-), osmolar clearance 

(Cosm) and free water clearance (CH2O) 

Urine flow rate, fractional excretion of electrolytes (Na+, K+, Cl-), osmolar 

clearance (Cosm) and free water clearance (CH2O)  are presented in table 4 figure 7.  

Rats in group 2, 3 ,4, and 5 which received gentamicin with and without any 

other drugs had significantly higher of the urine flow rate as compared with group 1.  

At day 12, rats in group 3, 4, and 5 caused significant increased in both 

fractional excretion of Na+ and K+ as compared with normal control group (table 4 

figure 8). There were no significant differences of fractional excretion of Cl- and Cosm 
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among groups. The values of free water clearance were lower in group 2,3,4 and 5 

(p<0.05) in comparison with that of group 1. 

 

Table 4.  Urine flow rate, fractional excretion (Na+, K+, Cl-), osmolar clearance (Cosm) 

and free water clearance (CH2O) 

   

 
Parameter 

 

 
group1 
(n=14) 

 
group 2 
(n=14) 

 
group 3 
(n=8) 

 
group 4 
(n=13) 

 
group 5 
(n=14) 

Urine flow rate 
(ml/day) 

14.91+2.19 a

 
26.42+2.65 b

 
29.86+3.06 b

 
22.11+2.64 b

 
27.07+2.30 b

 
FE Na+ 

 (%) 
3.37+0.49 A 

 
6.56+1.20 AB 12.18+1.53B

 
9.46+1.38 B

 
11.07+ 1.46 B

 

FE K+  
(%) 

2.64+0.31A

 
6.48+1.12AB

 
13.14+2.19 B 

 
9.69+ 1.30 B

 
10.61+1.29B 

 
FE Cl-  

(%) 
0.36+0.06

 
0.37+0.07  

 
0.54+0.08 

 
0.35+0.05 

 
0.60+0.25 B

 

Cosm   
(ml/day) 

40.96+4.59 
 

42.74+2.90 
 

40.63+2.9 
 

34.10+2.03 
 

37.22+2.97 
 

CH2O

(ml/day) 
-26.04+3.74 a

 
-16.13+3.59b

 
-10.76+2.84 b

 
-11.99+3.24 b 

 
-10.14+3.25 b

 

The data are shown as mean + S.E 
a,b   Means with different superscripts differ significantly  (p<0.05) 
 

A,B  Means with different superscripts differ significantly between groups  

      (p<0.05) by using one way ANOVA on rank 
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Figure 7.  Mean values of urine flow rate measured at day 11 in metabolic cage. 

The data are shown as mean + S.E. 

a,b   Means with different superscripts differ significantly  (p<0.05) 
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Figure 8. Mean values of Fractional excretion of Na+, K+ in five groups 

The data are shown as mean + S.E. 

A,B  Means with different superscripts differ significantly between groups  

                      (p<0.05) by using one way ANOVA on rank 
 

 

Urinary protein excretion and urinary protein creatinine (UPC) ratio  

Urinary protein excretions and UPC ratio before and after treatment in each 

groups of rats are presented in table 5 and figure 9 and 10. After treatment on day 11, 

both urinary protein excretion and UPC ratio were higher significantly in group 2, 3, 4 

and 5 compared with before treatment (p<0.001).  When comparing among groups, 

group 2 ,3 ,4 and group 5 had higher protein excretion  and UPC ratio compared with 

control groups.  
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Table 5. Urinary protein excretion and urinary protein creatinine ratio before and 

after treatment in each groups 

 

 Urinary protein excretion 

(mg/day) 

UPC ratio 

 DAY 1 DAY 11 DAY 1 DAY 11 

 
group1 (n=14) 

 
1.992+0.442

 
1.145+ 0.159A

 
0.181+0.032 

 
0.138+0.016 A

group2 (n=16) 1.597+0.224 6.488+0.499 ***B 0.141+0.018 0.568+0.041***B

group3 ( n=16) 1.460+0.192 7.977+0.137 ***B 0.150+0.016 0.766+0.037***B

group4 (n=13) 2.020+0.491 7.176+0.773††† B 0.179+0.020 0.721+0.078*** B

group5 (n=14) 1.390+0.131 8.067+0.898 ***B 0.155+0.011 0.805+0.041***B

The data are shown as mean + S.E. 

***=p<0.001 significantly compared with before treatment using paired t-test 

†††=p<0.001   significant compared with before treatment using Wilcoxson  Sign Rank       

test 

A,B  Means with different superscripts differ significantly between groups  

 (p<0.05) by using one way ANOVA on rank 
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Figure 9.  Mean values of urinary protein excretion in five groups 

The data are shown as mean + S.E. 

***=p<0.001 significantly compared with before treatment using paired      

t-test 

†††=p<0.001   significant compared with before treatment using wilcoxson  

A,B  Means with different superscripts differ significantly between groups  

(p<0.05) by using one way ANOVA on rank 
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Figure 10. Mean values of urinary protein creatinine (UPC)  ratio in five groups 

***=p<0.001 significantly compared with before treatment using paired  

t-test 

†††=p<0.001   significant compared with before treatment using Wilcoxson  

Signed Rank test  

A,B  Means with different superscripts differ significantly between groups  

 (p<0.05) by using one way ANOVA on rank 

 

 

 

 

 



Electrolyte excretions at day 1 and day 11 of treatment  in each group of rats 

are presented in table 6. On day 11, urinary excretion of  Na+ and K+ were higher 

significant in group 3, 4, and 5 compared with day 1. When comparing among groups 

on day 11, urinary excretion of K+ significantly higher in group 2,3,4 and 5  compared 

with group 1.  Urinary excretion of  Na+ was higher significantly in group 2 and group 

3. However, urinary excretion of Cl- in group 4 was significantly lower than group 1 

and also lower than before treatment (table 6). 

Effect of gentamicin, EPO, iron and vitamin E on urinary electrolyte excretions 
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UNa*V 

(mEq/day) 
 

 
UK*V 

(mEq/day) 
 

 
UCl*V 

(mEq/day) 

 
UNa*V 

(mEq/day) 

 
UK*V           

(mEq/day) 

 
UCl*V 

(mEq/day) 

 
Group 1(n=14) 

 
8.344+1.490A

 
     0.330+0.06 

 
0.750+0.117 

 
6.511+0.920a1 

 
0.213+0.026 a111 

 
0.563+0.093 A111 

Group 2(n=14) 8.561+0.904 A 0.333+

Table 6. Urinary excretion of the electrolytes ((Na+, K+, Cl-) on day 1 and day 11 of all groups. 

                                                                           Day 1                                                                               Day 11 

0.033 0.730+0.080 9.351+0.852b1 0.355+0.032 b111 0.418+0.046**A11 

Group 3(n=8)1 7.441+0.742 A 0.241+0.002 0.558+0.067   9.858+0.551*b1 0.379+0.020 ***b 0.345+0.060*AB11 

Group 4(n=13) 6.353+0.271 A 0.238+0.008 0.579+0.049     8.218+0.535 **ab 0.315+0.019 ***b 0.212+0.023*** BC

Group 5(n=14) 6.743+0.594 A 0.246+0.018 0.533+0.055 8.815+0.746†ab 0.325+0.027** b 0.289+0.037*** AC

A,B  Means with different superscripts differ significantly between groups  (p<0.05) by using one way ANOVA on rank

*= p<0.05 ; **=p<0.01 ; ***=p<0.001 significantly compared with before treatment using paired t-test 

†= p<0.05 significantly compared with before treatment using paired t-test 

a,b   Means with different superscripts differ significantly  (p<0.05)

The data are shown as mean + S.E. 
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Effect of  gentamicin, EPO, iron and vitamin E on urinary malondialdehyde 

(MDA) excretion. 

 The urinary MDA excretions on day 1 in group 1, 2, 3, 4, and 5 were 448.4 + 

86.9, 580.8 + 80, 375.7 + 42.6, 643.8 + 94.3 and 475.2 + 61.4 respectively. By 

measuring urinary MDA excretion were similar to day 1 (280.3 + 41.6, 733 + 129.8, 

315.6 + 42.4, 553.0 + 69.6 and 525 + 86.1 respectively). Also, no significant 

differences were found among groups both on day 1 and day 11. 

 

Effect of  gentamicin, EPO, iron and vitamin E on kidney malondialdehyde 

(MDA), reduced glutathione (GSH), catalase (CAT), superoxide dismutase (SOD)  

        There was no significant change of kidney malondialdehyde in all groups (table 

7). The highest value of kidney GSH was found in group 2 compared with other 

groups (p<0.05) ( table 7 and figure 11). The GSH in group 3, 4 and 5 that received 

EPO showed lower GSH compared with group 2. Catalase was significantly higher in 

group 2, 3, 4 and 5 compared with group 1 (figure 12). The SOD was significantly 

higher in group 3,4  compared with group 1and 2. However, the SOD was lower in 

group 5 compared with group 3 and 4. 
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Table 7. malondialdehyde (MDA), reduced glutathione (GSH), catalase (CAT), 

superoxide dismutase (SOD) in kidney on day 12 of treatment. 

 

 MDA 

(nmol/mg protein) 

GSH 

(nmol/mg protein) 

CAT 

(unit/mg protein) 

SOD 

(unit/mg protein) 

 

 group 1 

 

group 2 

 

group 3 

 

group 4 

 

group 5 

 

 

1.272+0.131      

(n=6) 

1.090+0.0969 

(n=8) 

0.886+0.0698      

(n=8) 

1.219+0.162      

(n=6) 

1.218+0.178 

(n=6) 

 

34.3677.469 A 

(n=7) 

79.507+2.639 B 

(n=6) 

36.977+2.941AB 

(n=8) 

38.370+2.963 AB 

(n=6) 

29.021+2.723 A 

(n=6) 

 

38.691+5.829 a 

(n=6) 

56.172+2.491 b 

(n=7) 

54.332+2.584 b 

(n=8) 

53.042+2.308 b 

(n=6) 

53.667+2.015 b 

(n=6) 

 

121.028+5.813 a 

(n=6) 

145.339+8.449 a 

(n=8) 

162.120+8.285 b 

(n=8) 

164.603+12.666 b 

(n=6) 

144.20+15.510 a 

(n=6) 

      

The data are shown as mean + S.E. 

a,b Means in the same column with different superscripts differ significantly (p< 0.05)                     

A,B  Means with different superscripts differ significantly between groups  

 (p<0.05) by using one way ANOVA on rank 
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Figure 11. Mean values of kidney GSH activity in five groups 

 The data are shown as mean + S.E. 

A,B  Means with different superscripts differ significantly between groups  

(p<0.05) by using one way ANOVA on rank 
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Kidney catalase
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Figure 12. Mean values of kidney catalase activity in five groups 

The data are shown as mean + S.E. 

a,b   Means with different superscripts differ significantly  (p<0.05) 
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Effect of  gentamicin, EPO, iron and vitamin E on urinary NAG/creatinine 

 Urinary NAG/creatinine in urine in day 12 after treatment in each group of 

rats are presented in table 8 and figure 13. The urinary NAG/creatinine ratio was 

significantly increased in groups 2, 3, 4 and 5 compared with group 1.  

 

Table 8.  Urinary  N acetyl-β-D glucosaminidase (NAG)/creatinine on day 12 of  

treatment 

 
U NAG/creatinine 

(milliunit/mg creatinine) 

 
group 1 (n=6) 

 
1.08 + 2.20 a 

group 2 (n=7) 25.87 + 4.58 b 

group 3 (n=8) 29.90 + 2.34 b 

group 4 (n=10) 21.73 + 2.50 b 

group 5 (n=10) 29.89 + 3.52 b 

 

The data are shown as mean + S.E. 

a,b   Means with different superscripts differ significantly  (p<0.05) 
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Figure 13. Mean values of urinary NAG in five groups 

The data are shown as mean + S.E.. 

a,b   Means with different superscripts differ significantly  (p<0.05) 
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CHAPTER  V 

 

DISCUSSION 

 

Gentamicin is valuable therapeutic agent for gram negative bacteria infections. 

Gentamicin induced nephrotoxicity is characterized by direct acute tubular necrosis, 

primarily localized to the proximal tubule (Silan et al., 2007 , Cuzzocrea et al., 2002). 

It caused nephrotoxicity which characterized by decreasing in the glomerular filtration 

rate (GFR), effective renal plasma flow (ERPF) with increasing in blood urea nitrogen 

(BUN) and creatinine concentration. Morover, the tubular damage was demonstrated 

by decreased urine concentration capacity, proteinuria, enzymuria, and ultrastructural 

alteration of glomerular and tubular cell (Cojocel et al., 1984).   In addition, 

gentamicin has been shown to enhance the generation of reactive oxygen species 

(ROS) which invoked as a pathway for renal injury (Karl et al.,  2000). 

In the present, the alteration of hemodynamic associated with disproportional 

less decreased in GFR than in renal plasma flow was found in group 2, 3, and 4.. 

Therefore, the filtration fraction tended to be increased resulting in glomerular 

hyperfiltration. The renal efferent arteriole vasoconstriction is suggested.  The 

possible mechanisms of vasoconstriction by gentamicin are stimulating the releasing 

of vasoconstrictors from activated renin angiotensin system, increasing renal 

endothelin content or inhibiting the production of vasodilatory prostaglandin PGE2 

(Hishida et al., 1994, Assael et al., 1985). Similary, Thurau et al (1976) suggested that 

gentamicin cause a tubuloglomerular feedback resulting in the alterations of 

glomerular function. These were mediated by renin angiotensin system which related 

to pathogenesis of acute renal failure. In addition, Baylis and co-worker (1977)  
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studied pathological  mechanisms responsible for impairment of glomerular filtration 

rate in gentamicin mediated nephropathy. They found many abnormalities of renal 

circulation such as renal vasoconstriction and reduction of glomerular capillary 

ultrafiltration coefficient (Kf) resulting in  reduced GFR.  In this study, the reduction 

of GFR did not cause hypertension as shown by many models of renal failure. 

Gentamicin damaged tubular cells causing acute tubular necrosis. Increased 

urinary excretions of Na+, K+, NAG were also found in gentamicin treated rats. It 

might be a result of impaired reabsorbtion of tubular cells. Gentamicin was potent on 

decreasing tubular reabsorbtion of lysozyme and induced damage to cellular 

membrane causing leakage of the lysozomal marker enzyme NAG in the urine 

(Cojocel et al., 1984). Cojocel et al (1983) demonstrated that the polycationic 

aminoglycosides may affect several processes involved in renal handling of lysozyme 

including glomerular permeability, tubular reabsorption and intracellular proteolytic 

degradation. Increased protein excretion in gentamicin treated rats which found in the 

present study was due to the damaging of basement membrane and the tubular 

necrosis. Proteinuria of glomerular and/or tubular origin is an index of gentamicin 

nephrotoxicity (Cojocel et al., 1984).  

Oxygen free radicals are considered to be important mediators of gentamicin-

mediated nephrotoxicity. Sequential reduction of oxygen along the univalent pathway 

leads to generation of superoxide anion, hydrogen peroxide, hydroxyl radical and 

water. Several studied have shown that partially reduced oxygen metabolites are 

important mediators of gentamicin nephrotoxicity (Walker et al., 1999). Gentamicin 

has been shown to enhance the generation of superoxide anion and hydrogen peroxide 

and the superoxide anion can cause renal vasoconstriction (Nakajima et al., 1994). 

The same study investigated the potential role of superoxide in gentamicin induced 
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renal toxicity by using M40403, a super oxide dismutase mimetic. They suggested 

that administration of M40403 attenuated the effect of superoxide induced by 

gentamicin (Cuzzocrea et al., 2002).Thus, it is possible that superoxide is one factor 

which may involve in renal failure induced by gentamicin. Morover, it is also possible 

that renal failure from oxygen depletion may increase oxidative stress.  The present 

demonstrated that glutathione and antioxidant enzymes activity were increased after 

gentamicin injection.  However, the effects of oxidative stress may not be severe 

because no changes of kidney MDA and urinary MDA excretion were found. 

Similary, the experiment of Fauconneau and coworker (1995) showed no 

modification of thiobarbituric acid-reagent substance (TBAR) in rats received 

gentamicin. Also, In  2002, Saldago  found gentamicin induced increase in O-
2 

production and SOD activity but did not induce detectable changes in membrane 

fluidity and lipid peroxidation. In contrast, Ramsammry (1985) reported that 

gentamicin injection at the dose of 100 mg/kg/day for 1-4 day induced lipid 

peroxidation in rat renal cortex. Yamada (1995) was also found increasing of renal 

MDA after administration of gentamicin at a dose of 120 mg/kg subcutaneously for 7 

consecutive days. He was suggested that lipid peroxidation played a possible role in 

GM-induced renal damage. The differences in the result of many investigators may 

involve the differences in experimental designs of dose and duration of gentamicin 

administration. 

When rats received EPO and gentamicin, the PCV was increased. However, 

EPO did not improve but further reduce renal plasma flow and GFR. Hyperfiltration 

was still maintained in this group. Increased BUN and creatinine after EPO treatment 

without elevated blood pressure were found. The mechanism of increasing in renal 

vascular resistance (RVR) was resulted from endothelin-mediated vasoconstriction by 
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EPO receptor on the surface of vascular endothelial cell of the renal circulation 

(Slowinski et al., 2002). Moreover, RVR may be high due to blood viscosity after 

PCV was elevated. Previous report showed that EPO can also worsen glomerular 

injury and promoted hypertension in rats (Garcia et al.,1988). This study did not 

demonstrated hypertensions induced by EPO which may be due to high urinary and 

fractional excretions of Na+ and K+. 

The possible mechanism of EPO is promotes natriuresis and diuresis in the 

renal tubule by activated tubular endothelium system. (Malex et al., 1999). 

Endothelin-1(ET-1) inhibit the activity of the epithelial sodium channel via ETβ 

receptor, leading to a decrease in sodium and water reabsorbtion in the renal tubule 

(Ohuchi et al., 2000 , Hocher et al., 2001). EPO can accelerate the development of 

proteinuria and glomerular sclerosis (Garcia et al., 1988). From the results,  EPO did 

not have a cytoprotective effect on experimental gentamicin-induced nephrotoxicity.  

Rats receiving gentamicin plus EPO showed increased  SOD and decreased 

GSH while MDA was unaltered. The previous study showed that EPO decreased the 

thiobarbituric acid and also increased glutathione peroxidase activity in hypoxic-

ischemic brain injury in neonatal rats (Kumral et al., 2005). EPO may affect the 

oxidative stress by correcting of anemia but may not help improve renal function. 

In group 4, renal hemodynamics was similar to group 2 and group 3. The BUN 

was still high with high protein excretion. The urinary excretion of electrolyte (Na+ 

and K+) were high similar to group 3, 4, and 5. oxidative stress maker, GSH was 

lower than group 2 while CAT and SOD were elevated than control group. The result 

suggested that oxidative stress was existed in group 4 but it did not involve in renal 

hemodynamic or tubular impairment. Moreover, iron did not aggravate renal 

dysfunction. However, Zager et al (2004) demonstrated that iron sucrose had the most 
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renal tubular toxicity, while iron dextran caused the highest oxidative stress. Acute 

iron overload can increased thiobarbituric acid (TBARS) decreased SOD and catalase 

activity, without any effects in glutathione activity. Moreover, vitamin E was effective 

in controlling iron dextran induced radical generation in the kidney (Galleano et al., 

1994). Argawal et al (2004) suggested that intravenous iron produced oxidative stress  

and had direct cytotoxic effect  on renal tubular function by increasing  urinary 

excretion of protein and MDA. However, no alteration of MDA was found in the 

present study. 

The present study demonstrated that vitamin E did not improve GFR but  

increased ERPF resulting in the decreased in FF. This means that vasodilation may 

occur because of decrease in RVR. The BUN and creatinine concentrations was 

declined compared with group 2, 3, and 4.The mechanism of vasodilation may be 

mediated via prostanoids, which is a vasodilator. Accordingly, Wu et al (2005) 

studied the effect of vitamin E on vasodilator. They suggested that vitamin E induced 

increase in PGI2 and PGE2 production which may contributed to its beneficial effect 

in preserving endothelial function.   

Abdel-Naim and co-worker (1999) showed that vitamin E pretreatment before 

gentamicin could lower BUN and creatinine. The results were similar to this study but 

the mechanism was remained unclear 

The present work demonstrates that vitamin E did not improve tubular 

function. The urinary protein and electrolyte excretion was still high. There was no 

change in kidney MDA level. Kidney GSH was lowest in this group while kidney 

catalase  was similar to group 2, 3 and 4.No remarkable changes of  oxidative status 

was found.  
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Previous studied have shown that dietary Vitamin E reduced generation of 

superoxide, and protected against oxidative damage by reducing level of superoxide 

(IBrahim and Chow, 2005). Ramsammy and coworker (1987) have studied the effect 

of vitamin E on lipid peroxidation induced by gentamicin.  Concurrent treatment of 

rats with vitamin E plus gentamicin for six days cauesd no alteration of renal MDA, 

SOD, CAT and glutathione. However, in rats with pretreatment with vitamin E for six 

days prior gentamicin treatment, the declined in renal cortical MDA, GSH, SOD and 

CAT were found. However, treatments of vitamin E did not prevent the gentamicin-

induced rise of serum creatinine or reduced severity of proximal tubular cell lesion 

and necrosis.  

In conclusion, the present study demonstrates that gentamicin has direct effect 

on hemodynamic, tubular function and oxidative stress by ameliorated  GFR and 

ERPF, increased urine flow rate, urinary excretion of sodium and potassium and 

lysosomal enzyme (NAG). There were significant increases in antioxidant enzyme 

activities. EPO administration did not improve renal function. When supplement iron 

together with gentamicin and EPO, there was no change in kidney function and 

oxidative stress compared with rats receiving EPO alone. In last group, in which  

vitamin E was added. Increase in ERPF was demonstrated . In addition, vitamin E did 

not correct tubular damage. Thus, vitamin E may increase renal plasma flow and slow 

renal dysfunction in rats receiving gentamicin, EPO, and iron altogether. 

. 
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