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Background: The aminoglycoside group, especially gentamicin, is the critical antibiotic in severe Gram-negative bacterial infections through 

its significant risk of nephrotoxicity. There are many protective factors for the kidneys, including blocking the flow of calcium to the damaged 

cells of the kidneys and reducing renal blood flow through the drug verapamil, In the same regard, garlic has been proven to be an antioxidant, 

a natural plant remedy for kidney protection. 

Aim of the study: Knowledge of enzymatic changes in the kidney due to gentamicin treatment and the role of garlic alcohol extract and 

verapamil in improving these changes. 

Methods and materials: 40 rats (3 to 6 months old) were brought up at normal temperature and divided into four equal groups, each group 

included 10 rats, including the negative control group, which were given orally 0.9% physiological salt solution, and the second group, the 

positive control (treated with G) 80 mg/kg by intraperitoneal injection, and the third group was given (G) 80 mg/kg intraperitoneally with 

(V) 3 mg/kg orally, And the fourth group had been injected with (G) 80 mg/kg intraperitoneally with (GAE) 20 mg/kg orally. The study 

included the evaluation of some biochemical blood parameters, including: levels of creatinine, urea, total protein, sodium, potassium, 

malondialdehyde (MDA), glutathione (GSH), and catalase (CAT). Above these criteria were the study of the median lethal dose (LD50). 

Results: The statistical analysis of the results showed: - The results of the current study, through the results of the statistical analysis, showed 

a significant increase (P<0.05) in the effectiveness of the levels of urea, creatinine, sodium, Dimalone Dehyde (MDA) when comparing the 

positive control group treated with (G) at a concentration of 80 mg/ In contrast, the levels of total protein, potassium, glutathione (GSH), 

catalase (CAT) significantly decreased (P<0.05) in the positive control group when compared with the other experimental groups. 

Conclusion: Garlic alcoholic extract and verapamil are highly effective in protecting blood biochemical parameters from gentamicin-induced 

nephrotoxicity.  

 
   Keywords: Gentamicin nephrotoxicity; Garlic alcohol extract; Verapamil; malondialdehyde; GSH; CAT. 

 

INTRODUCTION 

Gentamicin, one of the aminoglycoside antibiotics, is a broad spectrum antibacterial drug that has been playing a role 

specifically for the treatment of Gram-negative bacterial infections since the beginning of the twentieth century(1) .Although 

aminoglycosides have many benefits, they have a variety of side effects, the most serious and common of which are ototoxicity 

and nephrotoxicity caused by antibiotics(2) .Unfortunately, nephrotoxicity is the most notable adverse effect associated with 

administration of gentamycin as it leads to damage to the tubules and consequently to morphological changes in the histological 

structure of the kidneys(3). The mechanism of gentamicin-induced cell damage is not fully understood, but the effect of 

gentamicin in the formation of free radicals, which is the main cause of pathological events, has been reported(4).Moreover, 

the release of reactive oxygen species is a clear indicator of gentamicin-induced nephrotoxic events, as ROS binds to some 

large molecules, leading to cell damage and necrosis through multiple mechanisms including protein scavenging and formation 

of lipid free radicals present in membranes thus degrading DNA(5).The nephrotoxic effects of gentamicin are enhanced by both 

morphological and functional effects. For example, large renal blood flow and therefore a higher relative exposure to toxic 

effects, including higher oxygen uptake, sensitivity of renal tissues to hypoxia, and degree of permeability of proximal tubules. 

As for the presence of verapamil, it is a protective association from toxicity, preventing the flow of calcium to the damaged 
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cells and reducing the renal blood flow, thus mitigating the development of acute renal failure (6). As for garlic, Allium sativum 

belongs to the Aillaceae family, and it is considered the second most important green crop, second in sequence after onions, 

and it is likely that its area of origin is an Asian region It is a green vegetable crop with abundant nutritional and medicinal 

benefits, as its cloves contain 31% carbohydrates and 2.6% proteins based on wet weight. It is also rich in phosphorous, iron, 

potassium, magnesium, thiamine, riboflavin, niacin and ascorbic acid (7). Garlic contains the main compound Allicinen, which 

is characterized as one of the compounds that play a key role in eliminating a large number of viruses, bacteria and fungi (8). 

Experimental and clinical studies confirm that garlic has beneficial effects and a role in the prevention of various metabolic 

disorders and diseases and toxicity (9). 

Objectives of the study 

1- The objective is to compare the protective effect of alcoholic garlic extract and verapamil against gentamicin-induced 

nephrotoxicity.      

 

Methods and materials:  

 -1 Preparation of laboratory animal 

Forty white rats of both sexes were used in the study, their weights ranged between (300-200) gm and their age ranged from 

three months to six months. The animals were raised in the animal house of the College of Veterinary Medicine, Tikrit 

University, on 11/1/2021 until 12/1/2021 and were taken care of under ideal laboratory conditions of lighting, ventilation and 

appropriate temperature. Three times a week to maintain hygiene, the rats were given water and animal ration designated for 

them, then they were subjected to the experiment and the work was carried out. 

 -2Preparation of garlic alcohol extract  

Weigh 200 g of garlic plant with 1000 ml of 70% alcoholic extract and leave the solution with continuous stirring by the 

vibrating device for 24 hours at room temperature. Then the solution was filtered through several layers of gauze, then the 

extract was placed in a dish and left exposed at room temperature to dry, then the extract was collected and placed in a sterile 

glass bottle and kept in the refrigerator until the experiment was conducted. 

 -3Preparation of verapamil 

Verapamil was prepared in the following dose (3 mg/kg) by dissolving it in distilled water, which is the focus of the study 

approved in the current research stage. 

-4Gentamicin preparation 

The pure antibiotic gentamicin of Chinese origin was prepared with the following dose (80 mg/kg), which is the focus of the 

study approved in the current research stage, which is in the form of a powder in a sealed bag away from sunlight, and then the 

weights of the rats being studied were recorded according to Weight and then determine how much of that dose to be given to 

each rat. 

-5Experimental groups and methods   

The first experiment : 

A- Determination of the median lethal dose of gentamicin by intraperitoneal injection using the up and down method (Dixon, 

1980).(10) 

The median LD50 of gentamicin was determined by intraperitoneal injection using the up-and-down method. In the experiment, 

rats aged 3-6 months with weights ranging between (300-200) g were used. The median lethal dose of gentamycin was 

determined by peritoneal injection based on preliminary experiments in rats. We fixed the dose of gentamicin and then divided 

the rats into four groups, each group containing four animals. The first group, consisting of 4 rats, was injected with a dose of 

674 mg/kg, the second group was injected with a dose of 690 mg/kg, the third group was injected with a dose of 700 mg/kg 

and the fourth group was injected. At a dose of 710 mg/kg, and after 24 hours, the final result was read (animal survival is 

symbolized by the symbol O and death is symbolized by the symbol X). The increase and decrease in the dose was by 10 mg/kg 

and it was found in the first group that the dose did not affect the rats and in the second dose as well, while half of the animals 

were killed in the third group and in the last dose of the fourth group all animals were killed and the result was compared with 

the lethal dose measurement table with the use of The law of the method for obtaining the median lethal dose based on the table 

mentioned before (Dixon, 1980) Up & Down method. 

Using the following equation: 

LD50=Xf+Kd 
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The LD50 is the median lethal dose. 

Xf: The last dose used in the experiment. 

K: tabular value. 

 d: The constant increase or decrease in the given dose. 

B- Determination of the median lethal dose of verapamil by oral administration using the up and down method (Dixon, 1980). 

The median LD50 of verapamil was determined by oral administration using the up-and-down method. In the experiment, rats 

of 3-6 months of age with weights ranging between (300-200) g were used. The median lethal dose of fabramil was determined 

by oral dosing based on preliminary experiments in rats. We fixed the dose of verapamil and then divided the rats into four 

groups, each group containing four animals. The first group consisting of 4 rats was injected with a dose of 114 mg / kg, the 

second group was injected with a dose of 120 mg / kg, the third group was injected with a dose of 125 mg / kg and the fourth 

group was injected At a dose of 130 mg/kg and after 24 hours, the final result was read (animal survival is symbolized by the 

symbol O and death is symbolized by the symbol X). The dose increase and decrease were 5 mg/kg. In the first group, it was 

found that the dose did not affect the rats, and in the second dose as well, while half of the animals were killed in the third 

group, and in the last dose of the fourth group, all animals were killed. On the table mentioned before (Dixon, 1980) Up & 

Down method. 

Using the following equation: 

LD50=Xf+Kd 

The LD50 is the median lethal dose. 

Xf: The last dose used in the experiment. 

K: tabular value. 

 d: The constant increase or decrease in the given dose. 

Second experiment: 

It was divided into groups, including: 

The first group: included 10 rats, which were given orally a physiological salt solution at a concentration of 0.9% once a day 

for a month, and this group was considered a negative control group. 

The second group: this group included 10 rats injected with the antibiotic (G) at a concentration of 80 mg/kg once daily for a 

consecutive month inside the peritoneum. 

The third group: This group included 10 rats that were dosed with (V) at a concentration of 3 mg/kg orally and injected with 

the antibiotic (G) at a concentration of 80 mg/kg intraperitoneally once a day for a month. 

Fourth group: This group included 10 rats that were dosed with (GAE) at a concentration of 20 mg/kg orally and also injected 

with the antibiotic (G) intraperitoneally at a concentration of 80 mg/kg once daily for a month. 

-6Animal sacrificing and the collection of blood samples      

The body weights of all animals included in the current study were recorded exactly 24 hours after the last dose of the 

experiment in all groups and after the end of the dosing period, the animals were anesthetized with diethyl ether, and the rats 

were fixed in the cork by pins, then without dissection The heart The blood was withdrawn from the heart directly without 

dissection by means of a heart puncture, that is, blood is drawn directly from the heart, and the blood volume is transferred (5) 

ml to a tube without anticoagulant (Gel tube). And the dimensions of all the fatty tissue attached to the organ, as it is placed in 

a package containing a solution (10)% formalin for the purpose of the histological study of the kidney organ in the study. 

-7Preparation of the serum samples   

Blood samples were collected by heart stab and placed in a gel tube designated for separating blood components from serum, 

then centrifuged at (3000) rpm for ten minutes. After the expiration period, the serum was transferred to a test tube (Appendroff 

tubes) and kept in a freezer for the purpose of estimating standards. The biochemistry of the blood later.   

-8Statistical evaluation 

The data were expressed as mean ± SD. Differences between groups were compared by ANOVA using SPSS software (version 

16). A p value less than 0.05 was considered statistically significant.(11) 
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Results: 

A- Determination of the median lethal dose of gentamicin by intraperitoneal injection using the up and down method (Dixon, 

1980). 

The median lethal dose of gentamycin in rats was determined by using the up-and-down method after injecting different doses 

of gentamycin into the protein membrane, and the dose value was 700 mg/kg of body weight, as shown in Table (1). 

Table No.(1) Determination of the median lethal dose of gentamycin 

 

B- Determination of the median lethal dose of verapamil by oral administration using the up and down method (Dixon, 1980). 

The median LD50 of verapamil in rats was determined using the up-and-down method after injecting different doses of 

verapamil orally, and the dose value was 125 mg/kg body weight, as shown in Table (2). 

Table No.(2) Determination of the median lethal dose of verapamil 
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2- Effect of gentamicin, gentamicin with verapamil, gentamicin with garlic on urea concentration. 

Treatment with gentamycin showed a significant increase (P<0.05) in urea concentration (64.91 ± 11.51) compared to the 

control group (29.58 ± 6.81) with the group of gentamycin and verapamil (41.7 ± 3.13) and the group of gentamycin and garlic 

(31.9 ± 8.50) subject to the study as shown. In Figure (1). 

 

3- Effect of gentamicin, gentamycin with verapamil, gentamicin with garlic on creatinine concentration. 

Treatment with gentamycin showed a significant (P<0.05) increase in creatinine concentration (1.735 ± 0.34) compared to the 

control group (0.696 ± 0.167) with the group of gentamycin and verapamil (0.87 ± 0.087) and the group of gentamicin and 

garlic (0.764 ± 0.183) under the current study as shown in figure (2). 

 

4- Effect of gentamycin, gentamycin with verapamil, gentamycin with garlic on total protein concentration. 

The results of our current study showed that there was no significant increase in the total protein level of the group treated with 

gentamycin (7.01 ± 1.05) compared to the control group (6.72 ± 1,003) with the group of gentamycin and verapamil (7.19 ± 

0.980), while the group of gentamicin and garlic showed a decrease (5.85 ± 0.854) Significantly compared to the control group 

and the other groups under the current study, as shown in Figure (3). 

 

5- Effect of gentamicin, gentamycin with verapamil, gentamicin with garlic on sodium concentration. 

The treatment with gentamycin showed a significant (P<0.05) increase in sodium concentration (150.55 ± 7.44) compared to 

the control group (138.04 ± 8.02) with the group of gentamycin and verapamil (140.3 ± 9.49) and the group of gentamycin and 
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garlic (135.5 ± 7.58) under the current study as well. Shown in Figure (4). 

 

6- Effect of gentamicin, gentamicin with verapamil, gentamicin with garlic on potassium concentration. 

The results of our current study showed a significant decrease in potassium level for the group treated with gentamicin 

(3.92±0.713) compared to the control group (4.2±0.506). While the group of gentamicin and verapamil (4.64±0.488) and the 

group of gentamicin and garlic (4.48±0.429) showed a significant increase compared to the group treated with gentamicin 

(4.48±0.429). The control and gentamycin group under the current study is shown in Figure (5). 

 

7- Effect of gentamicin, gentamycin with verapamil, gentamicin with garlic on malondialdehyde concentration. 

Treatment with gentamycin showed a significant increase (P<0.05) in the concentration of malondialdehyde (32.48±2.91) 

compared to the control group (24.47±0.72) with the group of gentamycin and verapamil (21.92±0.62) and the group of 

gentamycin and garlic (23.67±1.26) under study. current as shown in Figure (6). 
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8- Effect of gentamicin, gentamycin with verapamil, gentamicin with garlic on glutathione concentration. 

The results of our current study showed a significant decrease in the level of glutathione for the group treated with gentamicin 

(0.2912 ± 0.054) compared to the control group (0.5115 ± 0.079). While the group of gentamicin and verapamil (0.4527 ± 

0.0498) and the group of gentamycin and garlic (0.5665 ± 0.079) showed a significant increase compared to the group. The 

control and gentamicin group under the current study is shown in Figure (7). 

 

9- Effect of gentamicin, gentamicin with verapamil, gentamicin with garlic on catalase concentration. 

The results of our current study showed a significant decrease in the level of catalase for the group treated with gentamicin 

(47.185 ± 0.31) compared to the control group (53.183 ± 0.156). While the group of gentamicin and verapamil (51.41 ± 1.57) 

and the group of gentamycin and garlic showed a significant increase (52.382 ± 0.68) compared to the group treated with 

gentamicin. The control and gentamicin group under the current study is shown in Figure (8). 

 

 

Discussion 

The results of our current study showed that urea and creatinine levels were significantly increased in the gentamicin-treated 

group compared to the other groups, a result consistent with several studies. (12)(13) It also agreed with (14)(15). 

The two confirmed that gentamicin causes a significant increase in the concentration of some biochemical indicators of kidney 

function, such as blood urea nitrogen (BUN) and creatinine in serum and urine total protein excretion. The interpretation of this 

result is that gentamicin treatment may cause damage to some glomerular cells, as shown in The current study, leading to a 

significant increase in urea and creatinine levels. As for the combination of gentamicin with verapamil, there are studies 

indicating the nephroprotective effect of calcium channel blockers (verapamil) in the nephrotoxicity caused by gentamicin. 

Possible mechanisms may be blocking calcium influx into damaged cells, vasodilating effects that improve renal blood flow 

and thus modulating the development of acute renal failure, or antioxidant activity that can reduce the generation of reactive 

oxygen species(16) The results were in agreement with (17). 

As for the results obtained by the group of gentamycin with garlic, they showed the protective role of garlic because it contains 
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a high percentage of antioxidants, which improves the oxidative stress caused by gentamicin through the events of 

nephrotoxicity, raising the levels of urea, creatinine and a decrease in total protein(18). 

The results in the current study of sodium showed a significant increase in sodium level in the group treated with gentamicin 

compared to the control group and other groups. This result agreed with some studies(19). 

Any abnormal stimulus to which the kidney is exposed activates inflammatory reactions, which leads to an increase in the 

weight of the kidney, which gives clear evidence of the enlargement of the organ. It is possible that the increase in the weight 

of the kidney may explain the disruption of the process of water reabsorption, which resulted in dehydration of treated animals 

as a result of retention Fluids and their accumulation in the blood vessels due to the pathological effects of gentamycin in the 

walls of the renal glomeruli and what caused the rupture of those walls, as well as the necrosis and severe dissolution of the 

cells of those glomeruli as prove (20) Regarding potassium, it showed a significant decrease in body weight and an increase in 

kidney weight(21). 

As for the gentamycin group with verapamil, calcium channel blockers (verapamil) were used as a means to reduce calcium 

entry into the cell in an attempt to reduce the damage related to excess sodium. Verapamil is an effective calcium channel 

blocker in maintaining renal function, including sodium, in various animals exposed to nephrotoxicity caused by renal ischemia 

due to gentamicin. Regarding potassium, verapamil increased blood flow in the kidneys. The increase in blood flow (correction 

of microcirculation) also corrected the morphological changes which reduced the retention of urea and creatinine(16). 

While the gentamicin group with garlic, garlic improves kidney function by reducing kidney failure, because it has diuretic 

properties, as diuretics help to get rid of sodium and water by forcing the kidneys to excrete more sodium in the urine, which 

reduces the flow of fluids through the vessels The lower the amount of fluid, the less pressure is placed on the walls of the 

arteries, and thus garlic protects the kidneys from the possibility of harmful effects(22). 

The results of the current study showed a significant increase in the concentration of malondialdehyde, in contrast to the 

significant decrease in the concentration of reduced glutathione and catalase in the group treated with gentamycin compared to 

the control group and other groups, and the results were in agreement with what was confirmed by many studies(23)(24)(25). 

The kidneys are the most affected and damaged organ due to the increased production of reactive oxygen species, which consist 

of large amounts of long chains of unsaturated fatty acids in the lipid component of the kidneys. The aminoglycoside group is 

a nephrotoxic antibiotic that causes nephrotoxicity due to increased production of free radicals and decreased antioxidant 

activity in them(24)(25). 

By stimulating the super-oxidation of lipids, gentamicin releases negative hydroxyl radicals and hydrogen peroxide radicals, 

which bind to some important molecules in cells such as DNA, RNA, proteins, lipids and enzymes, causing oxidative stress, 

causing many pathological changes. In renal cells, leading to kidney disease, renal hypoxia, and then acute renal failure Perhaps 

this is what actually happened in the current study, it is also possible that liver tissues are affected by harmful free radicals, and 

due to reduced levels, the defense system in these tissues loses the ability to clean and process them, reducing glutathione and 

hydrogen peroxide. Enzymes are produced as a result of their depletion in removing these toxins, providing evidence of 

hepatotoxicity and nephrotoxicity(23). 

The observed decrease in glutathione and catalase levels may be due to the negative effects of antibiotics on the concentrations 

of reduced glutathione and catalase as in glutathione, which in turn contributes mainly to the conversion of glutathione 

molecules of the oxidized form to the reduced form(26) It has proven(27)(28). 

That gentamicin interferes with the reconstitution of reduced glutathione to the oxidized form by inactivating the enzyme 

glutathione reductase, which means that the concentration of reduced glutathione was significantly reduced. Reactive oxygen. 

In contrast, the high concentration of malondialdehyde led to the ability of gentamicin to form free radicals in the liver and 

kidneys of rats, which leads to a significant increase in lipid peroxidation products. In contrast, endogenous antioxidants such 

as glutathione and catalase were reduced, as they destroy the fatty acid-rich network membrane Unsaturated fat increases fat 

oxidants, which eventually leads to the production of a product called malondidehyde, which in turn damages the membranes 

of kidney cells, leading to impaired kidney function (29). 

Regarding the gentamycin-verapamil group and the gentamicin-verapamil group, there are studies indicating the 

nephroprotective effect of calcium channel blockers (verapamil) on gentamicin-induced nephrotoxicity. Possible mechanisms 

may be blocking calcium influx into damaged cells, vasodilating effects that improve renal blood flow and thus modulating the 

development of acute renal failure, or antioxidant activity that can reduce the generation of reactive oxygen species(16).  

With regard to the group treated with gentamycin and garlic, the levels of reduced glutathione, catalase and malondialdehyde 

did not change significantly compared with the negative control group, and this may explain that garlic works to remove free 

radicals, many researchers showed the antioxidant property of garlic, which is due to the presence of some components 
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Chemical including organic sulfur and phenolic compounds It is reported that garlic shows antioxidant capacity, including one 

of the research that analyzed this using in vivo experiments, where amino acids such as alliin represent one of the most important 

acids in the components of garlic(30) The effectiveness of the antioxidants present in garlic is due to the presence of high 

amounts of the biologically active substance allicin, which has the ability to endow hydrogen ions to stabilize free radicals, 

while the lyn, linase, scudenine and selenium found in garlic also possess antioxidant properties(31) It contains many hydroxyl 

groups that are necessary for the effective removal of free radicals Therefore, the lyn and poly-linases of the garlic plant increase 

the level of reduced glutathione and catalase, reduce the oxidative form and inhibit the super-oxidation of cellular lipids 

(oxidants) represented by Malonedialdehyde(32). 
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