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ABSTRACT 

 

Gentamicin, one of aminoglycosides, was greatly used in treatment of different bacterial infections in animal. 

This study investigated the hepato-nephrotoxicity induced by single intramuscular (IM) injection gentamicin in 

chickens. A total number of 90, one day-old, Balady chicks were randomly divided into 3 groups each with 30 

birds. Group (1) served as a control; Group (2) was given 25 mg gentamicin /kg body weight (BW), Group (3) 

was given 50 mg gentamicin /kg BW. Hepato-nephrotoxicity was evaluated by measuring growth performances, 

mortality rats, hematological parameters, biochemical markers; reduced glutathione (GSH), nitric oxide (NO), 

liver function tests, serum urea and creatinine levels, as well as, by evaluation of histopathological pictures of 

liver and kidney. 50 mg gentamicin /kg BW reduced growth performance and decreased red blood cell (RBC) 

count, hemoglobin (Hb) concentration, mean corpuscular hemoglobin concentration (MCHC), total protein, 

albumin, globulin levels and albumin/ globulin (A/G) ratio. There were significant heterophilic leukocytosis and 

eosinophilia. Levels of alkaline phosphatase (ALP), aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT), urea, creatinine, liver and kidney NO were increased, meanwhile levels of GSH were 

decreased. Severe congestion, hemorrhage and multifocal coagulative necrotic areas were microscopically 

detected in liver and kidneys. Gentamicin injection altered hematological, biochemical and serum antioxidants 

pictures and induced hepatic and renal lesions in a dose dependent manner. The chickens administered 50 mg/kg 

BW gentamicin were more severely affected than 25 mg/kg BW gentamicin. 
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INTRODUCTION 

 
Aminoglycosides are commonly used to treat 

bacterial infections because of their low cost and 

limited antibiotic resistance. Gentamicin, one of 

aminoglycosides, is greatly used in treatment of 

different bacterial infections in both animal and human 

(Kang et al., 2013).  

 

It is used on a large scale in poultry farm, which is 

active against different Gram negative and some gram 

positive bacteria. Gentamicin was given to poultry by 

intramuscular (IM) injection due to its poor absorption 

from digestive tract (Haritova et al., 2004). 
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In field cases of gentamicin toxicity of White Leghorn 

layer flocks, dehydration, emaciation, watery 

diarrhea, increased water intake and high mortality 

were clinically observed (Islam et al., 2011). 

 

Experimentally, pathological effects of gentamicin 

have been reported in growing cockerels (Khan et al., 

2008) and growing broilers (Javed et al., 2008). 

Those studies reported the safe dose of gentamicin as 

10 mg/kg body weight (BW) in day old broilers 

(Saleemi et al., 2009) and in growing White Leghorn 

cockerels (Khan et al., 2008). Generally, gentamicin 

as all aminoglycosides could induce tubular 

nephrotoxicity (Ravi et al., 2015). 

 

Earlier studies found that gentamicin could release 

iron from renal mitochondria and form an iron 

gentamicin complex that promotes the production of 

free radicals and reactive oxygen species (ROS) 

(Kovacset, 2012). ROS and increased oxidative stress 

appear to be implicated in the pathophysiology of 

http://www.aun.edu.eg/
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gentamicin induced nephrotoxicity (Morales et al., 

2010). Furthermore, reduced glutathione content is 

reduced in renal cortex (Sener et al., 2002). 

 

Several studies showed that ROS involved in gentamicin 

-induced nephrotoxicity, as well as, it has been shown to 

enhance the generation of superoxide anion (O2), 

peroxynitriteanion (ONOO), hydrogen peroxide 

(H2O2), and hydroxyl radical (OH) from renal cortical 

mitochondria, which is responsible for increase lipid 

peroxidation and decrease antioxidant enzymes (Tavafi  

and Ahmad,  2011). 

 

Therefore, the aim of this study was to compare the 

effect of two different doses of gentamicin (25 & 50 

mg/kg BW as a single IM injection) on growth 

performance and pathophysiological picture in 

chickens.  

 
MATERIALS AND METHODS 

 
Experimental Chickens and management 

A total number of 90, one day-old, Balady chicks 

were maintained in cages, kept in well ventilated 

disinfected room under 24 hours lighting and were 

provided with a commercial starter, balanced ration 

free from any medication. The feed and water were 

offered ad-libitum to all birds throughout the 

experimental period. Animal procedures were 

performed in accordance with the recommendations 

of the ‘Guide for the Care and Use of Laboratory 

Animals’ approved by the Ethics Committee of the 

Faculty of Veterinary Medicine, Mansoura 

University. 

 

Drug (Gentamicin) 

Ato-Gent 10%
® 

(Injectable solution: each 1 ml 

contains gentamicin sulfate 156.25 mg equivalent 

gentamicin base 100 mg, Atcopharma, Egypt. 

Registration No 2265/2004, Batch No 419202. It was 

administrated on 21
st
 day of age at the rate of 25 and 

50 mg/kg BW as a single IM injection in pectoral 

muscles. 

 

Experimental design 

The 90 Balady chicks were randomly divided into 3 

groups, each with 30 birds of two replicate. The 

treatment regimen was: Group (1) was served as 

control negative (injected with normal saline in 

pectoral muscles). Group (2) was given gentamicin 

25 mg/kg BW as a single IM injection in pectoral 

muscles. Group (3) was given a single IM injection of 

gentamicin 50 mg/kg BW in pectoral muscles (Javed 

et al., 2013).  

 

Sampling: 

Blood samples were randomly gathered from the 

wing veins of five birds at the end of 1
st 

day, 3
rd 

day, 

1
st
week and 3

rd 
weeks post gentamicin injection, and 

were immediately divided into two separate tubes. 

One of them was left in a plain test tube at room 

temperature for 1 hour and then centrifuged for 10 

minutes at 3000 g to obtain the serum. The clear 

serum was stored in epindorf tubes at -20°C for 

subsequent biochemical analysis. The other blood 

sample was collected with ethylene diamine tetra 

acetic acid (EDTA) (0.5 mg/ ml blood) for 

hematological examination.  

 

Random 3 birds from each group were sacrificed at 

1
st
 and 3

rd
 weeks post gentamicin injection. Each bird 

was weighed prior to killing and tissue specimens 

from liver and kidney were collected then washed 

with ice-cold normal saline. Slices from liver and 

kidney were used to prepare tissue homogenates 

(10% weight/volume) in phosphate buffered saline 

(pH 7.4) using ultrasonic homogenizer (Cole-Parmer 

Instrument Company, USA). Then, the homogenates 

were centrifuged (4000 round per minute for 15 

minutes at 4°C) and the supernatant was preserved at 

-80°C until used for antioxidant analysis. The 

remaining specimens were fixed in 10% buffered 

formaldehyde for histopathological examination. 

 

Assessment of growth performance 

Birds were weighed and feed intake per each group 

was measured weekly. Feed intake was determined 

for each group as the distinction between food 

supplied and the remaining food toward the end of 

every week. BW gain was figured as the difference 

between the final and the initial weight of the bird. 

FCR was calculated by dividing the amount of 

consumed feed (g) during the week by the gain in 

BW (g) during the same week (Smith, 1999).   

 

Relative organ weights 

After killing, visceral organs (Liver, kidney, heart and 

spleen)  were weighed and their relative weights 

were calculated as organ weight/ BW × 100. 

 

Clinical signs, mortalities and gross lesions 

 The birds were watched twice daily for three weeks 

post gentamicin injection until the end of the study 

for recording clinical signs and mortality. Gross 

lesions on different visceral organs were recorded for 

killed and dead birds.  

 

Hematological analysis: 

Red blood cells (RBC) and total leukocytic count 

(TLC) were manually performed according to 

Feldman et al. (2002) using improved neubauer 

haemocytometer Natt and Herrick solution according 

to Natt and Herrick (1952). Hemoglobin (Hb) 

concentration estimated spectrophotometrically next 

centrifugation using the cyanomethaemoglobin 

method, according to Dein (1984). Packed cell 

volume (PCV), mean corpuscular volume (MCV) 

(fL), mean corpuscular hemoglobin (MCH) (pg) and 

mean corpuscular hemoglobin concentration (MCHC) 

(%) were calculated by standard formula according to 
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Feldman et al. (2002). The differential leukocytic 

count was made immediately by manual method 

(Andreasen and Latimer, 1990). 

 

Serum biochemical analysis: 

Frozen serum samples were subjected for estimation 

of alkaline phosphatase (ALP) (El tech, France), 

aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) (Randox Co., UK), 

creatinine (Human, Germany), urea (Diamond, 

Egypt), total protein and albumin (Stanbio, USA). 

Globulin and albumin/globulin (A/G) ratio were 

calculated according (Kaneko et al., 1997).  

 

Antioxidant analysis 

Nitric oxide (NO) and reduced glutathione (GSH) 

were determined by enzymatic colorimetric method 

in liver and kidney extract using readymade kits 

provided by Bio-diagnostic, Egypt. The NO was 

estimated (Ignarro et al., 1987) based on the presence 

of nitrite in acid medium, the formed product was 

coupled with N-(1-naphthyl) ethylenediamine. GSH 

estimation was done according to the reduction of 5, 

5 dithiobis (2-nitrobenzoic acid) (DTNB) with the 

glutathione producing a yellow product (Beutler et 

al., 1963). 

 

Histopathology:   
Liver and kidneys were collected from each bird 

during postmortem examination, fixed in 10% neutral 

buffered formalin and processed for histopathological 

examination by paraffin embedding method. Five µm 

thickness sections were cut and stained with 

hematoxylin and eosin according to Bancroft and 

Gamble, (2007). 

 

Statistical analysis:  

The data were statistically analyzed using SAS 9.2 for 

windows (SAS, 2004). The tests were used are one-

way analysis of variance (ANOVA) and Duncan’s 

multiple-range tests. They were done for all 

hematological, biochemical and antioxidant 

parameters. The data were expressed as mean ± SD (P 

≤ 0.05). 

 

Results 

Growth performance 

The results showed that, growth performance 

parameters represented by mean body weight gain, 

average feed intake and FCR were significantly 

decreased in birds of both gentamicin treated Groups 

(2&3) when compared with control Group (1). 

However, the deleterious effect of 25 mg/kg BW 

gentamicin in Group (2) was less than 50 mg/kg BW 

gentamicin in Group (3) (Table 1). 

 

Relative organs weight  

There were significant increase in relative weights of 

liver, kidneys, heart and spleen in both gentamicin 

treated Groups (2&3) when compared with the control 

Group (1) at 1
st 

and 3
rd

 weeks post gentamicin 

injection. 

 

Mortality rate, clinical signs and gross lesions  

No clinical signs were observed in birds of Group (1) 

along the experimental period. Meanwhile, birds in 

Group (2) were slightly depressed. Birds in Group (3) 

showed sever clinical signs including depression, 

watery diarrhea, increased water intake and 

emaciation as shown in (Table 3). No mortalities were 

recorded in birds of Groups (1&2). No postmortem 

changes were found in Group (1) after 1
st
 and 3

rd
 

weeks post gentamicin injection. Livers from dead 

and sacrificed birds after 1
st
 week post gentamicin 

injection showed varying degrees of congestion, 

friableness and swelling in Groups (2&3) with 

ascending changes. At the 3
rd

 week post gentamicin 

injection, the liver changes were more pronounced in 

Group (3) than in Group (2). Severe congestion and 

swelling in kidneys with distension of ureters with 

urates were shown only in Group (3).  Meanwhile, 

slightly congested kidneys were seen in birds of 

Group (2). 

 

Hematological results 

At 1
st
 and 3

rd
 weeks post gentamicin injection, RBC, 

Hb and MCHC of Groups (2&3) were significantly 

decreased. Meanwhile, the MCV of Groups (2&3) 

was significantly increased when compared with 

Group (1) (Table 4).  

 

Regarding to the leukogram, there was a significant 

heterophilic leukocytosis in Groups (2&3) at 1
st
 and 

3
rd

 weeks post gentamicin injection. However, 

lymphopenia was recorded in Group (3) at 3
rd

 week. 

Eosinophilia was significantly existed in the Group 

(3) only at 1
st
 week post gentamicin injection (Table 

5). 

 

Biochemical results 

Significant increases of AST, ALP and creatinine 

levels and decreases of total protein in Group (3) 

were prominent at all periods of the experiment and 

in Group (2) at 3
rd

 week comparing with Group (1) as 

shown in (Table 6). In Groups (2&3), significant 

decrease of globulin (at 1
st
 and 3

rd
 day) and A/G ratio 

(at 1
st
 and 3

rd
 weeks post gentamicin injection) was 

observed comparing with Group (1). The urea level 

significantly increased in Groups (2&3) along the 

experimental period. The creatinine level 

significantly increased Group (3) along the 

experimental period and in Group (2) at 3
rd

 day and 

1
st
 and 2

nd
 week when compared with those of Group 

(1). 

 

Antioxidant results  

Significant increases of liver and kidney NO levels at 

1
st
 and 3

rd
 weeks post gentamicin injection in Groups 

(2&3) when compared with Group (1) (Table 7). 

Liver GSH level significantly decreased in Groups 
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(2&3) at 1
st
 and 3

rd
 weeks post gentamicin injection. 

Meanwhile, kidney GSH significantly decreased at 3
rd

 

week only when compared with the Group (1).        

 

Histopathological examination: 

Liver showed normal shape and sizes of hepatocytes 

in Group (1) at two sacrifices. Liver from Group (2) 

at 1
st
 and 3

rd
 weeks post gentamicin injection showed 

vacuolar to hydropic degeneration, mild to severe 

congestion, perivascular edema and dilation of bile 

duct with hyperplasia of biliary epithelium. Few 

leukocytic cells infiltration was observed perivascular 

around hepatic blood vessels (Fig. 1). Liver from 

Group (3) at 1
st
 week post gentamicin injection 

showed similar lesions to those observed in Group 

(2). At 3
rd

 week post gentamicin injection, from 

Group (3) showed hemorrhage, perivascular fibrosis, 

new bile ductules formation and multifocal areas of 

coagulative necrosis in hepatic parenchyma (Fig. 2). 

Lymphocytic follicular aggregation was seen in the 

examined liver from all groups. However, the 

frequency and size of the follicles increased in liver 

from treated Groups 2&3 and in correspondence to 

duration of exposure (Fig. 3). 

 

 Kidneys showed normal tubules and glomeruli in 

Group (1) in two sacrifices. At 1
st
 week post 

gentamicin injection, kidneys from Groups (2&3) 

showed hydropic degeneration with detachment of 

renal epithelium from basement membrane, shrunken 

glomeruli and interstitial lymphocytic cells 

infiltration (Fig. 4). Similar lesions were observed in 

kidneys from Groups (2&3) at 3
rd

 week post 

gentamicin injection with increased severity and 

distribution of lesions. Focal coagulative necrosis, 

congestion, perivascular edema, hemorrhage and 

degenerated glomeruli were additionally 

demonstrated in Group (3) at 3
rd

 week post 

gentamicin injection (Fig. 5). 

  
Table 1: Mean weight gain, average feed intake and Average feed conversation rate post gentamicin injection. 
 

Groups                                                      Parameter                           

Weeks post                                         

                                    gentamicin       

                               Injection               

 

Group 3 

 

Group 2 

 

 

Group 1 

65.5±0.69
c 

81.5±0.29
b

 93.5±1.4
a 

1  Mean weight 

gain (g) 85.7±1.1
c 

111.3±1.9
b 

148.8±2.6
a 

3 

301.6±21.1
c 

350.4±25.3
b 

388.9±24.6
a 

1 Average feed 

intake (g) 381.3±33.8
c 

444.1±35.3
b 

492.8±38.6
a 

3 

4.6±0.38
a 

4.3±0.59
b 

4.16±0.32
c 

1 Average feed 

conversation rate (FCR) 
4.45±0.50

a 
3.99±0.55

b 
3.31±0.44

c 
3 

 

Different letters within the same row were significantly difference at P≤0.05. 

 
Table 2: Relative organs weights post gentamicin injection.   
 

Different letters within the same row were significantly difference at (P≤0.05). 

 

Groups 
Organ                         Weeks post                                         

                                    gentamicin       

                               Injection Group 3 Group 2 Group 1 

4.22±0.31
a 

3.4±0.26
b

 2.72±0.14
c 

1 Liver            

 6.94±0.41
a 

4.92±0.31
b 

2.9±0.16
c 

3 

1.31±0.1
a 

0.91±0.06
b 

0.62±0.01
d 

1 Kidney          

1.6±0.13
a 

0.93±0.11
b 

0.59±0.02
d 

3 

0.69±0.01
a 

0.55±0.03
b 

0.32±0.03
d 

1 Heart            

0.82±0.02
a 

0.51±0.04
b 

0.31±0.02
c 

3 

0.13±0.01
a 

0.095±0.01
b 

0.08±0.01
b 

1            nSplee 

0.14±0.05
b 

0.097±0.03
b 

0.082±0.01
a 

3 
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Table 3: Mortality rate and clinical signs of different groups post Gentamicin injection.  
 

Groups Weeks post 

Gentamicin 

injection 

Parameter 

3 2 1 

50mg/kg 

Gentamicin 

25mg/kg 

Gentamicin 

Control 

5 

0 

0 

0 

0 

0 

1 

3 
Numbers of 

mortalities 

5/30 

(16.6)
a 

 

0/30 

(0.0)
b 

 

0/30 

(0.0)
b 

 

1 &3 
 

Number of dead/total numbers   (%) 

10 

0 

2 

0 

0 

0 

1 

3 
Numbers of birds with clinical signs* 

10/30 

(33.3)
a 

2/30 

(6.6)
b 

0/30 

(0.0)
b 

 

1&3 
Number of diseased /total numbers 

)%( 

* Clinical signs are represented by depression, watery diarrhea, increased water intake, and emaciation. 

Different letters within the same row were significantly difference at (P≤0.05). 

 

Table 4: Erythrogram of different groups post gentamicin injection. 

 

Groups RBC 

(10
6
/µl) 

Hb 

(g/dl) 

PCV 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(%) 

Week 1 

Group 1 3.24 ± 0.39
a
 7.97 ±0.85

a
 38.91 ± 0.79

a
 121.31 ± 16.88

b 
24.63 ± 1.62

a 
20.48 ± 2.18

a
 

Group 2 2.28 ± 0.38
b
 5.23 ± 0.96

b
 33.76 ± 1.27

a
 150.55 ± 24.75

ab 
22.99 ± 2.91

a 
15.54 ± 3.23

b
 

Group 3 2.15 ± 0.43
b
 5.56 ± 0.95

b
 36.40 ± 6.81

a
 169.73 ± 7.39

a 
26.39 ± 1.0

a 
15.56 ± 0.41

b
 

Week 3 

Group 1 3.30  ± 0.36
a
 7.49 ± 0.54

a
 39.45 ± 2.53

a
 120.04 ± 7.43

b
 22.90 ± 2.99

a 
19.07 ± 2.14

a
 

Group 2 2.28 ± 0.37
b
 5.62 ± 0.92

b
 39.57 ± 2.23

a
 175.80 ± 22.02

a
 25.13 ± 5.89

a
 14.18 ± 1.82

b
 

Group 3 2.41 ± 0.08
b
 5.25 ± 0.50

b
 40.74 ± 1.42

a
 169.03 ± 10.56

a
 21.80 ± 2.76

a 
12.88 ± 1.16

b
 

 

Means with different superscript letters (a, b) in the same vertical column are significantly different at p ≤0.05. 
 

Table 5: Leukogram of different groups post gentamicin injection. 

Groups TLC 

10
3
/µl 

Lymphocytes 

10
3
/µl 

Heterophils 

10
3
/µl 

Monocytes 

10
3
/µl 

Eosinophils 

10
3
/µl 

Basophils 

 10
3
/µl 

Week 1 

Group 1 12.00 ± 2.00b 6.99 ± 2.44a 4.51 ± 1.20b 0.29 ± 0.12a 0.11 ± 0.10b 0.11 ± 0.10a 

Group 2 19.33 ± 3.06
a
 8.03 ± 0.20

a
 10.73 ± 3.09

a
 0.31 ± 0.27

a 
0.20 ± 0.22

ab 
0.07 ± 0.12

a
 

Group 3 20.67 ± 3.06
a
 7.60 ± 0.88

a
 12.68 ± 4.06

a
 0.56 ± 0.18

a 
0.49 ± 0.20

a 
0.13 ± 0.23

a 

Week 3 

Group 1 13.33 ± 1.15
b
 8.39 ± 0.71

a
 4.26 ± 0.33

b
 0.41 ± 0.16

a 
0.23 ± 0.09

a
 0.05 ± 0.08

 a
 

Group 2 21.33 ± 4.16
a
 8.39 ± 0.23

a
 12.59 ± 4.17

a
 0.36 ± 0.16

a
 0.0 ± 0.0

 a
 0.0 ± 0.0

 a
 

Group 3 20.67 ± 3.06
a
 5.23 ± 0.93

b
 14.91 ± 2.64

a
 0.34 ± 0.30

a
 0.19 ± 0.18

a
 0.0 ± 0.0

 a
 

 

Means with different superscript letters (a, b) in the same vertical column are significantly different at p ≤0.05. 
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Table 6: Some serum biochemical profiles of different groups post gentamicin injection 
 

Means with different superscript letters (a, b, c) in the same vertical column are significantly different at p ≤0.05. 

 

Table 7: Levels of GSH and NO in liver and kidney of different groups post gentamicin injection 

 

 

Means with different superscript letters (a, b, c) in the same vertical column are significantly different at p ≤0.05. 

 

Creatinine  

(mg/dl) 

 

Urea 

(mg/dl) 

A/G 

(ratio) 

Globulin 

(g/dL) 

Albumin 

(g/dL) 

T.P. 

(g/dL) 

ALP 

(µ/L) 

ALT 

(µ/L) 

AST 

(µ/L) 
Groups 

Day 1 

0.58 ± 

0.04
 b
 

5.33 ± 

2.25
 b
 

0.39 ± 

0.01
 a
 

5.10 ± 

0.34
 a
 

1.97 ± 

0.10
 a
 

7.08 ± 

0.43
 a
 

135.7 ± 

68.3
 b
 

17.60 ± 

3.09
 a
 

19.13 ± 

4.80
 b Group 1 

1.29 ± 

0.34
 b
 

14.33 ± 

0.58
 a
 

0.49 ± 

0.23
 a
 

3.12 ± 

0.81
 b
 

1.43 ± 

0.56
 a
 

4.55 ± 

0.85
 b
 

889.5 ± 

489.9
 b
 

18.77 ± 

6.05
 a
 

22.40 ± 

2.16
 b Group 2 

5.15 ± 

3.32
 a
 

14.67 ± 

3.79
 a
 

1.08 ± 

0.62
 a
 

1.72 ± 

1.37
 b
 

1.38 ± 

0.32
 a
 

3.10 ± 

1.61
 b
 

1952.9 ± 

688.0
 a
 

21.55 ± 

7.02
 a
 

53.80 ± 

25.30
 a
 

Group 3 

Day 3 

0.65 ± 

0.16
 b
 

7.79 ± 

2.29
 b
 

0.45 ± 

0.24
 a
 

5.10 ± 

1.55
 a
 

2.04 ± 

0.37
 a
 

7.14 ± 

1.20
 a
 

116.1 ± 

24.7
 c 

13.09 ± 

5.11
 b
 

11.98 ± 

2.34
 b Group 1 

1.82 ± 

0.38
 a
 

11.43 ± 

1.25
 a
 

0.98 ± 

0.12
 a
 

2.18 ± 

0.62
 b
 

2.09 ± 

0.41
 a
 

4.28 

± 1.01
 b
 

1046.9 ± 

701.2
 b
 

23.24 ± 

1.98
 a b

 

28.88 ± 

7.69
 b Group 2 

2.37 ± 

0.85
 a
 

11.82 ± 

1.66
 a
 

1.57 ± 

1.18
 a
 

1.60 ± 

0.63
 b
 

2.03 ± 

0.62
 a
 

3.63 

± 0.52
 b
 

1946.1 ± 

229.2
 a
 

29.09 ± 

8.45
 a
 

72.82 ± 

15.61
 a Group 3 

Week 1 

 

0.57± 

0.12
b
 

9.43 ± 

1.0
b
 

1.13 ± 

0.18
 a
 

1.78 ± 

0.35
 a
 

1.98 ± 

0.22
a
 

3.76 ± 

0.50
a
 

235.0 ± 

743.2
c 

16.40 ± 

3.12
 a
 

14.07 ± 

6.27
b Group 1 

1.14 ± 

0.21
b 

16.28 ± 

3.35
a
 

0.80 ± 

0.16
b
 

1.59 ± 

0.27
a
 

1.23 ± 

0.05
b
 

2.82 ± 

0.22
b
 

743.2 ± 

75.8
b
 

22.49 ± 

478
a
 

39.09 ± 

10.58
 a b Group 2 

2.81 ± 

1.20
a 

17.14 ± 

2.57
a
 

0.71 ± 

0.05
 b
 

1.27 ± 

0.22
a
 

0.90 ± 

0.12
c
 

2.16 ± 

0.33
b
 

964.7 ± 

96.1
a
 

24.43 ± 

3.53
a
 

63.00 ± 

37.03
a Group 3 

Week 3 

 

0.58 ± 

0.06
b
 

9.05 ± 

0.69
b
 

1.10 ± 

0.29
 a
 

2.02 ± 

0.43
a 

2.16 ± 

0.42
a 

4.18 ± 

0.59
a
 

238.4 ± 

53.9
b
 

8.96 ± 

2.69
b 

10.01 ± 

1.39
c Group 1 

1.23 ± 

0.29
ab

 

15.04 ± 

1.11
a
 

0.60 ± 

0.08
 b
 

1.81 ± 

0.48
 a 

1.06 ± 

0.18
b 

2.87 ± 

0.65
b
 

656.5 ± 

43.4
a
 

17.25 ± 

3.31
a 

19.31 ± 

0.86
b Group 2 

2.35 ± 

1.07
a 

16.80 ± 

1.51
a
 

0.59 ± 

0.09
 b
 

1.53 ± 

0.30
 a 

0.89 ± 

0.12
b 

2.42 ± 

0.38
b 

764.3 ± 

81.0
a
 

17.28 ± 

2.54
a
 

28.20 ± 

4.41
a
 

Group 3 

GSH Liver GSH Kidney NO Kidney NO Liver Groups 

Week 1 

3.62 ± 0.41
a
 1.36 ± 1.16

  a
 16.67 ± 1.15

 b
 24.13 ± 0.40

 b
 

Control 

1
st
 group 

2.12 ± 0.13
b
 1.27 ± 0.26

 a
 40.53 ± 0.65

 a
 59.73 ± 0.68

 a
 2

nd
 group 

1.42 ± 0.43
 b
 1.53 ± 0.60

 a
 40.77 ± 1.51

 a
 61.83 ± 3.18

 a
 3

rd
 group 

Week 3 

3.72 ± 0.41
 a
 2.48 ± 0.22

 a
 15.40 ± 0.72

 b
 24.40 ± 0.62

 c
 

Control 

1
st
 group 

1.66 ± 0.14
 b
 0.95 ± 0.08

 b
 45.27 ± 4.70

 a
 65.80 ± 0.20

 b
 2

nd
 group 

0.71 ± 0.13
 c
 0.82 ± 0.09

 b
 49.63 ± 1.01

 a
 71.17 ± 1.30

 a
 3

rd
 group 
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Fig.1: liver shows normal shape and sizes of hepatocytes in Group (1) (A), vacuolar degeneration in hepatocytes 

with small sized vacuoles (black lines) in Group (2) at 1
st
 week post gentamicin injection (B), diffuse 

hydropic degeneration in hepatocytes (black lines) with few perivascular leukocytic cells infiltration 

(arrow) (C), perivascular edema (arrowhead) and dilation of bile duct with hyperplasia of biliary 

epithelium (arrow) in Group (2) at 3
rd

 week post gentamicin injection (D) (arrow) (H&E, A- C: x 200 and 

D: x 100). 
 

 
 

Fig. 2: Liver in Group (3) at 3
rd

 week post gentamicin injection shows new bile ductule formation (arrow) (A), 

perivascular fibrosis (arrows) (B), focal area of coagulative necrosis (arrow) (C&D). (H&E A&D: x 200, 

B&C: x 100). 
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Fig. 3: Liver shows different sizes of lymphocytic aggregation (arrow) (A-C) in Groups (1 to 3), respectively 

(H&E A-C: x 100). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 4: Kidney shows normal tubules and glomeruli in Group (1) (A), shrunken glomeruli (arrowheads), separation 

of renal epithelium from basement membrane (arrows) (B), hydropic degeneration in renal tubules 

(arrows)  (C) and focal lymphocytic cells infiltration in interstitial tissue (thick arrow) (D)  of Group (2) 

one week post gentamicin injection (H&E x 200). 
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Fig.5: Kidney of Group (3) three weeks post gentamicin injection shows severe hydropic degeneration in renal 

tubules (arrows), shrunken glomerulus (arrowhead) (A), lymphocytic cells aggregation in renal 

parenchyma (thick arrow), degenerated glomerulus (arrowhead), hemorrhage (thin arrow) (B), 

perivascular edema and hemorrhage (arrow) (C) and focal coagulative necrosis in some renal tubules 

(arrows) (D) (H&E x 200). 

 
DISCUSSION 

 
There are many cases of unexplained nephritis; 

hepatitis and high mortality were reported in poultry 

farms, which might be due to using the nephrotoxic 

substances such as gentamicin. Because of the 

extensive use of gentamicin in our Egyptian poultry 

farms, we were encouraged to correlate between 

clinical signs, biochemical alterations and 

pathological changes induced by gentamicin in 

chickens. 

 

Chickens administered gentamicin 50 mg/kg showed a 

significant decrease in growth performance 

throughout the experiment and this was due to 

anorexia and depression following gentamicin 

administration. Similar results were recorded by Javed 

et al. (2015) who showed that gentamicin at level 50 

mg/ kg BW in broilers resulted in severe clinical 

signs and 33.33 % mortalities. These observations 

were in line with earlier studies in day old broiler chicks 

and commercial white leghorn layers (Saleemi et al., 

2009). In addition, Islam et al. (2011) observed 

dehydration, emaciation, watery diarrhea, increased 

water intake and high mortality in field cases of 

gentamicin toxicity in White Leghorn layer flocks.  

 

Clinical signs and mortalities in this study were more 

obvious in injected chickens with gentamicin at level 

50 mg/kg BW suggesting this level was toxic for 

chickens. The safe dose of gentamicin was 10 mg/kg 

BW in day old broilers (Saleemi et al., 2009) and in 

growing White Leghorn cockerels (Khan et al., 2008).  

 

Normal erythrogram picture indicated normal 

erythropoitic tissue and adequate requirements 

(Coles, 1986). Gentamicin in Groups (2&3) revealed 

two types of anemia, normocytic normochromic and 

normocytic hypochromic anemia respectively at 1
st
 

week. This anemia changed to macrocytic 

hypochromic type (after two weeks), which may be 

attributed to the reduced erythropoietin hormone and 

enhanced RBC fragility consequence to gentamicin 

injection (Nagano et al., 1990). The erythropoietin 

inhibition in the renal cortex altered the basic 

hematological parameters in rats (Kalaidjieva and 

Iliev, 2000). In addition, the present uremia inhibited 

the erythropoiesis and led to intravascular hemolysis 

(Hostetter and Andreasen, 2004). Moreover, the 

present heterophilic leukocytosis and eosinophilia 

indicated the inflammatory response to gentamicin 

(Irizarry-Rovira et al., 2006). The hematological 

results were in harmony with results of Saleemi et al. 

(2009) and established by elevation of NO and 

depression of GSH levels of the present results. The 
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NO had a critical cellular function, besides a potent 

mediator of cellular damage (Pacher et al., 2007). In 

this study, gentamicin significantly increased the 

oxidative stress that was clear from increased total 

oxidant status in Groups (2&3) more than in Group (1) 

agreeing with Haritova et al. (2004); Islam et al. 

(2011); ELazab and EL-Habashi (2015). Regarding to 

the gentamicin elimination route, it accumulated in the 

renal proximal tubular cells through the megalin/cubilin 

complex receptor, which is responsible for carrying 

gentamicin inside the cell (Said, 2011). Several studies 

showed that the ROS involved in gentamicin -induced 

nephrotoxicity, as well as, it has been shown to enhance 

the generation of superoxide anion (O2
ˉ
), 

peroxynitriteanion (ONOO), hydrogen peroxide 

(H2O2), and hydroxyl radical (OH) from renal cortical 

mitochondria, which is responsible for increase lipid 

peroxidation and decrease antioxidant enzymes (Tavafi 

and Ahmad, 2011). Regarding to the effect of 

gentamicin on the tested biochemical parameters, this 

study revealed an elevation in levels of AST, ALT, 

ALP, urea, creatinine and lowering in total protein, 

albumin and A/G ratio while globulin was normal. 

The decreased A/G ratio was related to inflammation 

nephropathy and liver damage caused by gentamicin 

injection. However, AST, ALT and ALP enzymes 

were not specific for liver disease in birds but they 

increased with liver damage (Harr, 2002). Liver 

enzymes indicated the alteration in cell membrane 

integrity or biliary epithelium (Eran et al., 2007). 

Urea was a nitrogenous waste product formed in the 

liver and execrated via kidneys (Kaneko, 2008). 

Albumin was formed in liver, lost in 

glomerulonephritis but the globulin could be normal. 

Hypoalbuminemia was an independent predictor for 

acute renal injury and death. Creatinine investigated 

kidney disease and could not influence by liver or 

urea cycle (Harr, 2002). Many previous reports 

showed the decrease in TP and albumin levels and 

increase in ALT and creatinine levels in chicken 

injected with gentamicin (Saleemi et al., 2009). Its 

effect extended to cause severe nephrotoxic and 

hepatotoxic effects (Javed et al., 2015). Generally, 

gentamicin as all aminoglycosides induced tubular 

nephrotoxicity (Khan et al., 2008). This may be 

because gentamicin after removal from the blood 

accumulated in renal tubular cells and produced 

phospholipidosis (Beauchamp et al., 1991). 

 

 Microscopically, injection of gentamicin induced 

pathological lesions in growing cockerels (Kaneko, 

2008) and growing broilers (Khan et al., 2008). Our 

results revealed severe degenerative and necrotic 

changes accompanied with multifocal lymphocytic 

inflammation were observed in liver and kidneys 

from chicken injected with 50 mg gentamycin /kg 

BW. Kidney and liver injuries followed by 

gentamicin administration could be the major reasons 

for anorexia, decrease in growth performance and 

subsequent emaciation of the birds. These data agreed 

with previous findings obtained by Sundin et al. 

(2001) who mentioned that gentamicin caused 

inhibition of protein synthesis, resulting in proximal 

tubule cell necrosis in renal cells in 13–30 % of 

treated patients. This mechanism specifically caused 

proximal tubule cells necrosis, resulting in acute 

tubular necrosis that can lead to acute renal failure.  

 

Conclusion 

Gentamicin administration reduced growth 

performance, altered hematological, biochemical and 

serum antioxidants pictures and induced hepatic and 

renal lesions that appeared to be dose dependent. The 

chicken administered 50 mg/kg BW gentamicin as a 

single IM dose was more severely affected than 25 

mg/kg BW gentamicin. 
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 ىقذ أجشيج ٕزٓ اىذساست ىبحذجْخاٍيسيِ، مأحذ الأٍيْ٘جي٘م٘سيذاث في علاس الاىخٖاباث اىبنخيشيت اىَخخيفت في اىحي٘اُ. يسخخذً اى

عَش  حيذ حٌ حقسيٌ عذد حسعيِ مخن٘ث اىْاجٌ عِ جشعخيِ ٍخخيفخيِ ٍِ دٗاء اىجْخاٍيسيِ في اىذجاس .اىني٘ٙ  اىنبذٙحأريش اىخسٌَ 

 (2)ماّج بَزابت اىَجَ٘عت اىضابطٔ. أعطيج اىَجَ٘عت  (1)مخن٘ث. اىَجَ٘عت  33نو ٍْٖا ٗاحذ إىٚ رلاد ٍجَ٘عاث ب يً٘

حقِ عضو ٍشٓ ٗاحذة ٍِ اىجْخاٍيسيِ  (3)ٍيجٌ / مجٌ ٍِ ٗصُ اىجسٌ حقِ عضو ٍشٓ ٗاحذٓ، أعطيج اىَجَ٘عت  22جْخاٍيسيِ 

لاه قياط ٍعذلاث اىَْ٘ ، ّسبت اى٘فياث ، اىَعاٍلاث اىذٍ٘يت ٍِ خاىني٘يت  اىنبذيتٍيجٌ / مجٌ ٍِ ٗصُ اىجسٌ. ٗقذ حٌ حقييٌ اىسَيت  23

اىجي٘حارايُ٘ اىَخخضه ٗأمسيذ اىْخشيل ٗ اخخباساث ٗظائف اىنبذ ٗ ٍسخ٘ياث اىي٘سيا ٗاىنشياحيْيِ في اىذً،  GSHٗ اىبي٘ميَيائيت ٗ 

ٍيحٌ/مجٌ ٍِ ٗصُ اىجسٌ ٍِ اىجيْخاٍيسيِ اىي  23ٗمزىل حٌ فحص اىص٘سة اىْسيجيت اىَنشٗسن٘بئ ىينبذ ٗاىنيٚ. ٗقذ ادث جشعت 

خفط أداء اىَْ٘ ٗحغييش ٍعظٌ اىقياساث اىَخخبشيت ، ٍَا أدٙ إىٚ اّخفاض عذد مشاث اىذً اىحَشاء ٗاىَٖجي٘بيِ ٗاىبشٗحيِ اىنيي 

ء ٗاىخلايا اىَخعادىت ٗ خلايا ( الاىبٍ٘يِ اىٚ اىجي٘بيب٘ىيِ  ماُ ْٕاك عذد مبيش ٍِ اىنشياث اىبيضاA/Gٍٗسخ٘ياث اىجي٘بي٘ىيِ ّٗسبت )

ٗصيادة ٍسخ٘ياث أمسيذ اىْيخشيل ىينبذ ٗاىنيٚ ٗخفط ٍسخ٘ياث  ٗ اىي٘سيا ٗاىنشياحيْيِ.  AST ،ALPالاسيْ٘فيو. حٌ صيادة ٍسخ٘ياث 

GSHسيِ ادٙ . حٌ اىنشف عِ احخقاُ شذيذ، ّٗضف، ٍْٗاطق ّخش ٍخجيظ ٍخعذدة اىبؤس في اىنبذ ٗاىنيٚ. ٗبزىل ّجذ اُ حقِ اىجْخاٍي

اىٚ حغيشاث فٚ ص٘سة اىذً ٗاىص٘سة اىبي٘ميَيائيت ٍٗضاداث الأمسذة ٗحسببج بخغيشاث بار٘ى٘جيت فٚ اىنبذ ٗاىنيٚ ٗرىل يعخَذ عيٚ 

ٍيجٌ /  22ٍيجٌ / مجٌ ٍِ ٗصُ اىجسٌ جْخاٍيسيِ أمزش حأرشا ٍِ اىخي حقْج ب  23حغييش اىجشعت حيذ ماّج اىنخاميج اىخي حقْج ب 

 سٌ جْخاٍيسيِ.مجٌ ٍِ ٗصُ اىج

 

 

 

 

 

 

 

 

http://refhub.elsevier.com/S1756-4646(14)00414-9/sr0290
http://refhub.elsevier.com/S1756-4646(14)00414-9/sr0290
http://refhub.elsevier.com/S1756-4646(14)00414-9/sr0290
http://refhub.elsevier.com/S1756-4646(14)00414-9/sr0290
http://refhub.elsevier.com/S1756-4646(14)00414-9/sr0290
http://refhub.elsevier.com/S1756-4646(14)00414-9/sr0290
http://refhub.elsevier.com/S1756-4646(14)00414-9/sr0290
http://www.aun.edu.eg/

