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ABSTRACT 

Background: Vancomycin-induced nephrotoxicity is characterized by acute tubular necrosis (ATN) or 

interstitial damage (ATIN). Vancomycin-resistance among Enterococci has been escalating in recent 

years in many countries. Linezolid (LNZ), an oxazolidinone is one of the novel drugs that promised 

effective therapy of infections caused by vancomycin-resistant Enterococci (VRE). Objectives: The 

present work aimed to experimentally compare the nephrotoxicity induced by linezolid and 

vancomycin (VCM) on adult albino rat both biochemically and histopathologically. Methodology: 

Thirty rats were randomly divided into three groups (10 rats each) Group (I) Control group, Group (II) 

LNZ group and Group (III) VCM group. To study the toxic effect of linezolid on the kidney in 

comparison with vancomycin. The level of serum creatinine, urea and malondialdehyde (MDA) were 

measured. Results: It was found in this study that VCM significantly increase serum creatinine, urea 

and MDA concentrations compared to the control group, and LNZ insignificantly increase serum 

creatinine, urea and MDA compared to the control group, with no significant difference between the 

effects of two drugs. Histopathological study of VCM-treated rat kidney showed marked interstitial 

nephritis with tubular necrosis and desquamation of tubular epithelial cells. Conclusion and 

Recommendations: Nephrotoxicity in linezolid-treated rats was less than vancomycin-treated rats. 

Further studies are needed about effect of linezolid on kidney. 
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I. INTRODUCTION 

he rapid progression and high mortality 

associated with methicillin-resistant 

staphylococcal aureus (MRSA) infections and 

enterococci is a real clinical problem and 

compels physicians to find a bactericidal 

solution. Among options, vancomycin and 

linezolid seem to offer this solution (Barceló-

Vidal et al, 2018). Vancomycin is a time-

dependent antibiotic with bactericidal activity 

useful for treating patients with infections 

caused by Gram-positive microorganisms, 

including methicillin-resistant Staphylococcus 

aureus (Barceló-Vidal et al, 2018).Regarding 

the nephrotoxicity of vancomycin have 

accumulated in the literature in the last few 

decades (Filippone et al, 2017). These toxicities 

are related to long periods of treatment, 

concomitant nephrotoxic agents, high dosages, 

and high vancomycin plasma trough levels 

(Rybak et al, 2009). Vancomycin-induced 

nephrotoxicity is characterized by acute tubular 

necrosis (ATN) or interstitial damage (ATIN), 

yet the majority of biopsy reports have 

described (ATIN) rather than ATN (Barceló-

Vidal et al, 2018). Vancomycin-resistance 

among Enterococci has been escalating in 

recent years in many countries. Linezolid, an 

oxazolidinone is one of the novel drugs that 

promised effective therapy of infections caused 

by vancomycin-resistant Enterococci (VRE) 

(Hussain et al., 2018). The present work aimed 

to experimentally compare the nephrotoxicity 

induced by linezolid and vancomycin on adult 

albino rat both biochemically and 

histopathologically. The present work aimed to 

compare nephrotoxicity induced by linezolid 

and vancomycin on adult albino rat. 

II. MATERIALS AND METHODS 

II.1 Drugs and chemicals: 

Linezolid plastic infusion bag 300ml (600 mg) 

(Zyvox) [Pfizer Inc, New York, NY, USA]. 

T 
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Vancomycin vial 1000 mg (Merck & Co. Inc, 

USA). Hematoxylin & eosin stain [Biostain 

ready reagents, UK]. Formalin (solution) 

(neutral 10% formalin): El-Gomhoria 

Pharmaceutical Chemical Co., ARE. 

1.2. IV Preparation of Vancomycin vial 1000 

mg    

We added 20 mL of sterile water (SWI) to 1 g 

vial to yield 50 mg/mL solution; further 

dilution is required. We diluted 1 g with 80 mL 

of diluent 5% dextrose in water (D5W). When 

reconstituted lyophilized powder with diluent 

for injection, a concentration of 10 mg/mL for 1 

g vial produced. 

II.3. Experimental animals: 

30 adult male albino rats (brought from 

Experimental Animal Breeding Farm, Helwan-

Cairo) weighing 150-200gm., were used. They 

have acclimatized for one week and were caged 

(5/cage) in fully ventilated room (at room 

temperature) with a 12 hours light/12 hours 

dark cycle in Anatomy department, Benha 

faculty of medicine. This study was approved 

by the local Ethical Committee, Benha Faculty 

of Medicine. 

II.4. Experimental Protocol: 

After one week of acclimatization, rats were 

randomly divided into three groups (10 rats 

each) to study the toxic effect of linezolid 

(LNZ) on the kidney in comparison with 

vancomycin (VCM). 

II.4.1. Groups  

Group (I) Control group: the rats of this group 

were subdivided into two subgroups (5 rats 

each): 

Subgroup Ia (-ve control): Each animal left 

without intervention to measure the basic 

parameters, free access to food and distilled 

water was allowed for 7 days.   

Subgroup Ib (+ve control) (solvent control): 

Each animal was given solvent (D5W) by 

intraperitoneal injection twice a day for 7 days
. 
 

Group (II) LNZ group: the rats of this group 

were given linezolid (50 mg/kg) by 

intraperitoneal injection twice a day for 7 days. 

This rat dose of LNZ was calculated based on 

body surface area (Anroop and Shery, 2016) 50 

mg/kg is animal equivalent dose to human 

therapeutic dose 600 mg. 

Group (III) VCM group: rats were given VCM 

(200 mg/ kg) by intraperitoneal (I.P) injection
 

twice a day for 7 days. This dose of VCM was 

selected based on previous studies (Basarslan et 

al, 2012; Konishi et al, 2013 and Karami et al, 

2018).  

II.4.2. Biochemical examination: blood 

samples were obtained from rats by puncture of 

the retrobulbar sinus (Schemer, 1967). Serum 

was prepared by immediate centrifugation then 

separated to assay the level of serum creatinine, 

serum urea and oxidative stress indices: level of 

serum malondialdehyde (MDA).   

II.4.3. Histopathological examination: After 

collecting the blood specimens the rats were 

sacrificed by diethyl ether, the abdomen was 

opened, and the kidney was cut. The kidney 

was cleaned from surrounding tissues and fat 

then fixed in 10 % phosphate buffered formalin. 

Fixed specimens were prepared for paraffin 

sections and staining with hematoxylin & eosin 

according to (Dury and Wallington, 1967).          

II.4.4. Statistical Analysis 

Software (SPSS, Version 20.0 for Windows, 

SPSS Inc, Chicago, IL) was used for analyses 

of the data. Mean and standard error of the 

mean (M SE) were used to summarize data. 

Analysis of variance (ANOVA) (F test) was 

used for multiple comparisons of quantitative 

variables after establishing their normal 

distribution. Post hoc test (LSD) was used for 

multiple comparisons of quantitative variables. 

Differences were considered significant at P≤0 

.05 and non-significant at P ˃0.05. 

III. RESULTS 

III.1. Biochemical study:  

In the present work negative control, and 

positive control (solvent) groups, showed a 

non-significant difference (p>0.05) as regard 

biochemical parameters (serum urea, creatinine 

and MAD). So, the mean of all control groups 

was chosen as a representative group for the 

two control groups to be compared with the 

results of the treated groups.  
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Effect of Linezolid and Vancomycin on 

Serum Urea of Rats:  

Intraperitoneal injection of linezolid (LNZ) 

(50mg/kg) twice a day for 7 days resulted in 

nonsignificant rise of serum urea (P >0.05) 

from 41.66 3.05 in control group (group I) to 

61.166  5.58 in LNZ group (group II). 

Intraperitoneal injection
 
of vancomycin (VCM) 

(200 mg/ kg) twice a day for 7 days resulted in 

significant rise of  serum urea (P < 0.05) from  

41.66 3.05 in control group (group I)  to 78.5 

 6.39 in VCM group (group III). Comparing 

the result of LNZ-treated group (group II) to 

that of VCM-treated group (group III), there 

was nonsignificant differences (P >0.05) 

between LNZ and VCM on serum urea. 

 

Table (1): Comparison between the Studied Groups of Rats Regarding Serum Urea 

             Group 

 

Serum  

urea  

 

 

Control   

group 

 

Linezolid-

treated 

group 

 

 

Vancomycin-treated 

group 

 

 

P 

 

 

 (M  SE) 

  

41.66 3.05 61.166  

5.58
#
 

 

78.5  6.39* 

 

 

<0.05 

 *Significant (p < 0. 05) compared to control group 

#Nonsignificant (p > 0. 05) compared to control group and vancomycin-treated group 

 

Effect of Linezolid and Vancomycin on 

Serum Creatinine of Rats:  

Intraperitoneal injection of LNZ (50mg/kg) 

twice a day for 7 days resulted in nonsignificant 

rise of serum creatinine (P >0.05) from 0.533  

0.033 in control group (group I) to 0.75 0.047 

in LNZ group (group II). Intraperitoneal 

injection
 
of VCM (200 mg/ kg) twice a day for 

7 days resulted in significant rise of  serum 

creatinine (P < 0.05) from  0.533  0.033 in 

control group (group I)  to 0.966  0.095 in 

VCM group (group III). Comparing the result 

of LNZ-treated group (group II) to that of 

VCM-treated group (group III), there was 

nonsignificant differences (P >0.05) between 

LNZ and VCM in their effect on serum 

creatinine. 

 

Table (2): Comparison between the Studied Groups of Rats Regarding Serum Creatinine   

             Group 

 

Serum  

creatinine 

 

 

Control   

group 

 

 

Linezolid-

treated group 

 

 

Vancomycin-

treated group  

 

 

P 

 

  

(M  SE) 

  

0.533  0.033  0.75 0.047# 0.966  0.095 *    

< 0.05 

*Significant (p < 0. 05) compared to control group 

#Nonsignificant (p > 0. 05) compared to control group and vancomycin-treated group 
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Effect of Linezolid and Vancomycin on 

Oxidative Activity (Malondialdehyde) of 

Rats:  

Intraperitoneal injection of linezolid (50mg/kg) 

twice a day for 7 days resulted in nonsignificant 

rise of serum malondialdehyde (MDA) (P 

>0.05) from 3  0.096 in control group (group 

I) to 4.5  0.45 in LNZ group (group II). 

Intraperitoneal injection
 
of VCM (200 mg/ kg) 

twice a day for 7 days resulted in significant 

rise of  serum MDA (P < 0.05) from  3  0.096 

in control group (group I)  to 5.85  0.62 in 

VCM group (group III). Comparing the result 

of LNZ-treated group (group II) to that of 

VCM-treated group (group III), there was 

nonsignificant differences (P >0.05) between 

LNZ and VCM in their effect on MDA. 

 

Table (3): Comparison between the Studied Groups of Rats Regarding Serum MDA 

             Group 

 

MDA 

 

 

Control 

group 

 

 

Linezolid-

treated group 

 

 

Vancomycin-

treated group   

 

P 

 

 

 (M  SE) 

  

 

3  0.096  

 

4.5  0.45# 5.85  0.62*   

< 0.05 

*Significant (p < 0. 05) compared to control group 

#Nonsignificant (p > 0. 05) compared to control group and vancomycin-treated group 

MDA: Malondialdehyde 

III .2 Histopathological study: 

Histological examination of a cut section of the 

kidney of control group (group I) showed that 

normal collecting tubules lined by one layer of 

cuboidal epithelial cells, normal proximal 

convoluted tubules and normal distal 

convoluted tubules. In linezolid-treated group 

(group II), a cut section of the kidney showed 

cloudy swelling of tubular epithelium with mild 

interstitial nephritis. In vancomycin group 

(group III), there was accumulation of 

inflammatory cells in interstitial tissue which 

indicates marked interstitial nephritis with 

tubular necrosis and desquamation of tubular 

epithelial cells. 

 

 
Figure (1) A photomicrograph of a cut section in the kidney of a control rat (group I) showing normal 

renal tubules lined by one layer of cuboidal epithelial cells. (H&E×200).   
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Figure (2) A photomicrograph of a cut section in the kidney of linezolid-treated rat (group II) showing 

(a) cloudy swelling of tubular epithelial cells with (b) mild interstitial nephritis. (H&E×200). 

 
Figure (3) A photomicrograph of a cut section in the kidney of vancomycin group (group III) showing 

(a) marked interstitial nephritis with (b) tubular necrosis and desquamation of tubular epithelial cells. 

(H&E×200). 

IV. DISCUSSION 

Vancomycin (VCM) hydrochloride is a 

glycopeptide antibiotic which inhibits the 

biosynthesis of bacterial cell wall 

peptidoglycan polymer. It is an important 

antibiotic for treating resistant infections such 

as methicillin-resistant S. aureus (MRSA) 

infections (Karami et al, 2018). Nephrotoxicity 

is one of the major adverse effects of this drug, 

which limits the drug dose and duration of 
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administration (Elyasi et al, 2012). Park et al 

(2018) suggested a few risk factors of 

vancomycin-associated nephrotoxicity, 

including high dose, old age, long duration of 

therapy, and concomitant nephrotoxic agents. 

Vancomycin-resistance among Enterococci has 

been reported in last years in many countries. 

Linezolid, an oxazolidinone, is one of the new 

drugs that promised effective therapy against 

infections caused by vancomycin-resistant 

Enterococci (Hussain et al, 2018). Chavanet P. 

(2013) found that LNZ was better than VCM 

for the treatment of MRSA nosocomial 

pneumonia when a prospective randomized 

study was made comparing a fixed linezolid 

dose to dose-optimized vancomycin for the 

treatment of MRSA nosocomial pneumonia. 

Linezolid is a mostly safe antibiotic, when 

taken for short periods (Marino and Sutin, 

2007). Usage of linezolid for long duration has 

been associated with bone marrow suppression 

(Falagas et al, 2008),lactic acidosis (Barnhill et 

al, 2012) and it may be the cause of nerve 

damage, including may be irreversible optic 

nerve damage (Saijo et al, 2005). There are also 

postmarketing reports of seizures, Bell's palsy 

and kidney toxicity (Metaxas and Falagas 

2009). In this study we compare between 

nephrotoxic effect of linezolid and vancomycin 

in adult albino rats. In the present study, 

repeated i.p. administration of 200 mg/ kg 

VCM, for 7 consecutive days to rats, induced a 

considerable raise in serum creatinine and urea 

concentrations compared to the control group, 

suggesting an acute renal failure. These 

findings are in agreement with the results of 

other experimentally studies about the 

nephrotoxicity of VCM (Basarslan et al, 2012; 

Elyasi et al, 2013 and Konishi et al, 2013). In 

the present study, repeated i.p. administration 

of 50 mg/ kg LNZ, for 7 consecutive days to 

rats, induced a considerable insignificant raise 

in serum creatinine and urea concentrations 

compared to the control group. Esposito et al 

(2007) reported the first case of linezolid-

related acute renal failure in a patient with 

kidney transplantation. There was increase in 

serum creatinine 136- 221 micromole/l, with 

mild hypereosinophilia, anemia and 

thrombocytopenia, 8 days after starting 

linezolid therapy. A case of an old female who 

was treated for prosthetic joint infection and 

(MRSA) bacteremia with vancomycin followed 

by linezolid intake. On the seven day of 

linezolid therapy, the patient had severe 

pruritus, macular rash, facial edema, 

eosinophilia, high increase in serum creatinine 

level, and mild hepatitis (Sébastien et al, 2009). 

Sébastien et al (2009) also found rapid 

improvement of renal function was due to 

discontinuation of linezolid and a short term 

treatment of prednisone. The present study 

found that VCM significantly increases serum 

MDA compared to the control group while 

LNZ increases serum MDA insignificantly, 

with no significant difference between the 

effect of two drugs. Although the mechanism of 

renal toxicity from vancomycin is not fully 

known, experimental studies maintained 

proinflammatory oxidation, mitochondrial 

dysfunction and cellular apoptosis as the 

principal causes of injury (Oluwatoyin, 2016). 

Oxidative phosphorylation caused by 

vancomycin induces free oxygen radicals and 

so reduces the activity of defensive 

antioxidative enzymes such as superoxide 

dismutase and catalases (Oktem et al, 2005). 

Ocak et al (2007) found that antioxidative 

biological agents that successfully used in 

animal studies as vitamin E, vitamin C, N-

acetylcysteine, caffeic acid and phenethyl ester 

had a protection against vancomycin induced 

renal damage. Rajitha et al (2011) reported that 

lipid peroxidation products as MDA was 

markedly increased by vancomycin. Ahmida 

(2012) added that the antioxidant curcumin has 

beneficial effects and could be able to 

antagonize vancomycin nephrotoxicity by 

ameliorating reduction in the activities of 

antioxidant enzymes, [superoxide dismutase 

(SOD), catalase (CAT), and glutathione 

peroxidase (GSH-Px)] in plasma and kidney 

tissue which induced by vancomyin. Tianlin et 

al (2014) reported a decrease of hemocyte level 

https://www.sciencedirect.com/science/article/pii/S0399077X13002928#!
https://www.sciencedirect.com/science/article/abs/pii/S0940299310001314#!
https://www.sciencedirect.com/science/article/abs/pii/S0940299310001314#!
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and enzymatic activities of superoxide 

dismutase (SOD) and catalase in rat serum 

induced by linezolid in a dose-dependent 

manner. While the amount of MDA and nitric 

oxide (NO) were increased in rats’ serum, the 

above changes could partially be reversed by 

vitamin E supplementation. Wang et al (2016) 

found that the oxidative stress markers, 

[reactive oxygen species (ROS), 

malondialdehyde (MDA)], that increased in 

LNZ-induced thrombocytopenia, suggesting 

oxidative damage as may be the underlying 

mechanism. Laura et al (2017) added that the 

oxidative phosphorylation system capacity was 

decreased by linezolid at therapeutic 

concentrations. In this study histological 

observation confirms the biochemical result. 

Histopathological study of VCM-treated rat 

kidney showed accumulation of inflammatory 

cells in interstitial tissue which indicates 

marked interstitial nephritis with tubular 

necrosis and desquamation of tubular epithelial 

cells. The histological findings on the majority 

of studies of vancomycin-induced 

nephrotoxicity are acute interstitial nephritis 

(Plakogiannis and Nogid, 2007) and rarely 

acute tubular necrosis (Wu et al, 2007). Rajitha 

et al (2011) found that renal histopathology of 

vancomycin treated rats showed marked 

glomerular and tubular damages; which is 

attenuated by treatment with atorvastatin. 

Histopathological study of LNZ -treated rat 

kidney showed cloudy swelling of tubular 

epithelium with mild interstitial nephritis. 

Esposito et al (2007) reported that the 

transplant kidney biopsy, performed 15 days 

from the start of linezolid therapy, in a case of 

linezolid-related acute renal failure in a kidney-

transplant patient, showed interstitial nephritis 

and focal tubular atrophy. A case of an old 

diabetic man with alcoholic cirrhosis admitted 

in ICU. On the third day of linezolid treatment, 

there were severe pruritus, macular rash, 

eosinophilia, and renal dysfunction. Renal 

biopsy showed acute tubulointerstitial nephritis 

(Nayak et al, 2012). Hector et al (2007) 

reported that seven days after beginning 

linezolid therapy in a 30-year-old healthy man 

with tibial osteomyelitis. There were 

development of a diffuse maculopapular rash 

and acute renal failure. Acute interstitial 

nephritis is diagnosed by renal biopsy.  

V. Conclusion and Recommendations: 

Renal toxicity is one of the most important side 

effects of VCM; therefore their clinical uses are 

limited. In our study, we found that 

nephrotoxicity in linezolid-treated rats less than 

in vancomycin-treated rats.  

Because of side effects of linezolid, i.e. 

nephrotoxicity, we recommend close 

monitoring of kidney function tests when 

linezolid therapy is attempted. Clinicians 

should be aware of these potential life-

threatening adverse reactions and monitor 

kidney function while patients are using 

linezolid. Further studies are needed about the 

effect of linezolid on kidney. 
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 اى الثٍضاء الثالغةزرجعلى ال السوٍة الكلىٌة لعقاري الفاًكىهاٌسٍي والالٌٌىزولٍذ: دراسة هقارًة تجرٌثٍة

 

رتاب فىزي هٌذاوي
1

فاطوه فىزي هٌذاوي -
2 

قسن الطة الشرعً و السوىم االكلٌٍكٍه
1

 

قسن الفارهاكىلىجً
2

 

 هصر -جاهعه تٌها -كلٍه طة تشري

إى عماري الفاًكىهاٌسٍي والالٌٌىسولٍذ ٌسخخذهاى على ًطاق واسع لعالج االلخهاباث الخً حسببها البكخٍزٌا العصىٌت  الخلقٍة العلوٍة:

   .الوماوهت لعمار الوٍثٍسٍللٍي، لكي ظهز أى عمار الفاًكىهاٌسٍي ٌسبب السوٍت الكلىٌت

 .الفاًكىهاٌسٍي والالٌٌىسولٍذدراست همارًت حجزٌبٍت على السوٍت الكلىٌت لعماري  الهذف هي الذراسة:

لذراست  جزساىالوسخخذهت عشىائًٍا إلى ثالد هجوىعاث حضن كل هجوىعت عشزة  لجزساىاحن حمسٍن  الوىاد العلوٍة ووسائل الثحث:

 .السوٍت الكلىٌت الوحخولت لعماري الفاًكىهاٌسٍي والالٌٌىسولٍذ هعولًٍا وعي طزٌك دراست الشزائح ححج الوجهز

 .ا ولكي بذرجت ألل بالٌسبت لعمار الالٌٌىسولٍذسام كلىًٌ  الفاًكىهاٌسٍي والالٌٌىسولٍذهي  كل الٌتائج:

ت الوزضى جٍذًا عابخولكي بذرجت ألل بالٌسبت لعمار الالٌٌىسولٍذ لذا ٌجب ه له حأثٍز سام على الكلىكال العمارٌي  الخالصة والتىصٍات:

 .باسخخذام ححالٍل وظائف الكلى بصىرة دورٌت


