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Abstract— Gentamicin hepatotoxicity is a major clinical drawback. This investigation was performed to scrutinize the effect of 

garlic extract as a herbal antidote on liver toxicity after treatment with gentamicin in male albino rats. Gentamicin is a widely 

used anti-infective broad-spectrum antibiotic of aminoglycoside family. Side effects of gentamicin medication occur due to 

free radical formation. Garlic, the bulb of Allium sativum, is universally used as a spice and also known for its medicinal and 

antioxidant properties. Forty adult male albino rats, Rattus norvegicus were randomly classified into four groups of ten each. 

Group 1 received 0.9% normal saline orally per day and served as control while group 2 received gentamicin intramuscularly 

per day, however group 3 received both gentamicin intramuscularly per day and garlic extract orally per day, while group 4 

received only garlic extract orally per day for 30 and 60 days respectively. Gentamicin caused various structural and functional 

changes in hepatic cell, increased glutamate pyruvate transaminase (GPT), glutamate oxaloacetate transaminase (GOT), acid 

phosphatase (ACP), alkaline phosphatase (ALP) and decreased total protein and creatinine level. Co-administration of garlic 

extract to rats ameliorates the gentamicin toxicity at some extent in hepatic cells as shown in the results of biochemical, 

enzymological and histopathological studies. Garlic extract was effective in recovering the level of hepatic enzymes, 

biochemical markers and histological alterations; hence, it may be concluded that garlic reduces the gentamicin hepatotoxicity 

in rats.  
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I.  INTRODUCTION  

The liver is the major organ for drug metabolism and 

excretion in the body therefore it is a preferred target for 

drug toxicity. Drug-induced liver injury is a major clinical 

problem and cause of acute liver failure and transplantation 

[1]. Liver is exposed to several xenobiotics such as 

chemicals, toxins, drugs etc and susceptible to cirrhosis, 

acute chronic hepatitis and hepatitis [2]. Drug-induced liver 

injury mainly involves two mechanism of pathogenesis: 

adverse immune reactions and direct hepatotoxicity that 

affects biochemical functions of the cell [3]. It is initiated by 

the bioactivation of drugs to chemically reactive metabolites, 

which have the ability to interact with cellular 

macromolecules such as proteins, lipids and nucleic acids, 

leading to protein dysfunction, lipid peroxidation, DNA 

damage and oxidative stress [4]. U.S. Food and Drug 

Administration (FDA) have also removed some drugs from 

the pharmaceutical market because of drug-induced liver 

injury [5]. 
 

Aminoglycosides are a family of broad-spectrum antibiotics 

that exhibit bactericidal action and interrupt bacterial protein 

synthesis by binding to the A-site on the 16S ribosomal RNA 

of the 30S subunit [6,7]. This inhibit the formation of 

initiation complex with mRNA and thus inducing a 

misreading of the genetic code, which give rise to defective 

proteins that leads to cell death [8,9]. Some very important 

clinical features of aminoglycoside antibiotics are an 

excellent antibacterial profile against Gram-negative life-

threatening infections, low cost, synergism with the wall-

affecting antibiotics (beta-lactams, glycopeptides), high 

bactericidal efficacy (concentration-dependent killing) and 

low level of resistance [10]. 
 

Gentamicin continues to be the aminoglycoside of choice for 

serious hospital-acquired infections caused by 

Enterobacteriaceae and Pseudomonas aeruginosa, but their 

use is limited due to their toxic nature  [11,12,13]. 

Gentamicin is involved in the formation of free radicals [14]. 

Mechanism of gentamicin toxicity is based on the formation 

of cytotoxic metabolite [15,16]. Gentamicin is associated 

with hepatotoxicity, which causes irregular and condensed 

nuclear materials, organelles deteriorations and Poly (ADP-

ribose) polymerase fragmentation and induce apoptosis in rat 

hepatic cells [17,18]. 

http://www.isroset.org/
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It is well documented that herbs are known to play a vital 

role in the management of various diseases including hepatic 

diseases. Popularity of herbal remedies is increasing and at 

least one quarter of patients with liver disease use herbal 

medicine. The World Health Organization (WHO) estimates 

that 80 percent of the population of some Asian and African 

countries presently uses herbal medicine for some aspect of 

primary health care. Some medicinal herbs have proven 

hepatoprotective potential [19]. Garlic (Allium sativum) has 

been recognized since ancient times not only as a flavoring 

agent for food but also for its medicinal properties. The 

consumption of traditional plants especially garlic has 

progressively increased worldwide because of their great 

effectiveness, fewer side effects and relatively low cost [20]. 

It has cardioprotective [21], anticarcinogenic [22], anti-

microbial [23], antioxidant [24], anti-inflammatory [25], 

immunomodulatory [25] and hepatoprotective [26] 

properties. Garlic is a rich source of organosulfur compounds 

for example aliin, allicin, ajoene, allyl sulfide, S-

allylcysteine, vinyl dithiines, S-allylmercaptocystein and 

others [27]. The garlic organosulfur components are mainly 

responsible for its antioxidant properties [28]. 

The target of the present study was to investigate the possible 

ameliorative role of garlic against the toxicity of gentamicin 

in male albino rats by observing the histopathological, 

biochemical and enzymological parameters. 

II. METHODOLOGY 

Materials and Method  
 

Chemicals 
 

The gentamicin antibiotic injection was procured from 

(Lupigenta®, Lupin Ltd, Mumbai, India, 30 ml) containing 

80 mg/2ml for intramuscular and intravenous use. Crude 

garlic extract (Allium sativum) was obtained from 

commercially available capsule fills of garlic extract 

(Lasuna®, Himalaya Drug Company, Bangalore, India, 60 

capsules) containing 250 mg of extract per capsules. The 

capsule fills were opened and dry garlic powder extract was 

dissolved in saline to prepare a concentration of 25mg/0.1ml 

and administered through gavage to a rat at a dose of (250 

mg/kg body weight). All the reagents and chemicals were 

used of analytical grade. 
 

Experimental animals and treatment 
 

This experimental study was done after the approval of 

Institutional Animal Ethics Committee (IAEC) on the use of 

laboratory animals and animals were handled in accordance 

with the guidelines of the Committee for the purpose of 

Control and Supervision of Experiments on Animals 

(CPCSEA). The approval registration 

no:1885/GO/Re/S/16/CPCSEA/IAEC/BU/06 was given by 

IAEC. 

 

The adult male albino rats (Rattus norvegicus) having weight 

of 110±10 gm were used for this experiment. All animals 

were acclimatized two week prior to the commencement of 

the experiment to laboratory conditions i.e. at 24±2
o
C 

temperature and light and dark cycle of 12 hours in the 

Animal House of Laboratory of Endocrinology, Department 

of Biosciences, Barkatullah University, Madhya Pradesh, 

India. Hygienic conditions were maintained with rice husk 

bedding in polypropylene cages. Animals were fed on 

standard rat feed and water ad libitum. Forty experimental 

animals were divided into four groups of ten each, which 

were as follows: 
 

Group 1(n=10): This group of animals were served as 

control, received balanced diet, water ad libitum and 

administration of 0.9% normal saline (1ml/kg body 

weight/day, orally) as vehicle for 30 and 60 days 

respectively. 

Group 2(n=10): The animals of this group were received 

balanced diet, water ad libitum and exposed to gentamicin 

(37 mg/kg body weight/day, intramuscularly) for 30 and 60 

days respectively. 

Group 3(n=10): The animals of this group were received 

balanced diet, water ad libitum and exposed to gentamicin 

(37 mg/kg body weight/day, intramuscularly) and 

supplemented with garlic extract (250 mg/kg body 

weight/day, orally) though gavage for 30 and 60 days 

respectively. 

Group 4(n=10): The animals of this group were received 

balanced diet, water ad libitum and supplemented with garlic 

extract (250 mg/kg body weight/day, orally) only through 

gavage for 30 and 60 days respectively. 

After the completion of different durations i.e. 30, and 60 

days all animals of each group were sacrificed by cervical 

dislocation at different intervals i.e. 31
th 

and 61
th 

day of 

experiments and following parameters were done during the 

experimental investigation. 
 

Biochemical and enzymological analysis 
 

Every rat was sacrificed by cervical dislocation and liver was 

quickly dissected out, washed in 0.9% of normal saline 

thoroughly, cleared the adherent tissue debris, blotted dry 

and weighed. The tissues were then used to prepare 

homogenates and total protein, creatinine and some enzymes 

activity such as glutamate pyruvate transaminase (GPT), 

glutamate oxaloacetate transaminase (GOT), acid 

phosphatase (ACP) and alkaline phosphatase (ALP) were 

estimated. 
 

Protein estimation was done by Follin-Phenol method [29], 

estimation of creatinine was done by Jaffe’s method [30], 

estimation of GPT and GOT were done by adopting the 

methodology of Reitman and Frankel [31] and estimation of 

ALP and ACP were done by adopting the methodology of 

Bergmeyer and Bernt [32]. 
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Histological preparation 
 

A part of liver was collected from all the groups, fixed in 

Bouin’s fluid, dehydrated in ascending grades of ethyl 

alcohol, cleared in xylene and mounted in molten paraffin 

wax. Fine micron sections of 5μ were cut by adopting 

microtomy, stained with Hematoxylin and Eosin [33] and 

these sections were observed for any structural changes 

under compound microscope and followed by 

microphotography using microphotography unit. 
 

Statistical analysis  
 

One way analysis of variance (ANOVA) was used to analyze 

the results through Sigma Tec software for comparison 

between different experimental rat groups. The results were 

expressed as means ± SEM values and the values for p<0.05 

were considered significant, p<0.01 were considered more 

significant and the values p<0.001 were considered as highly 

significant [34]. 

III. RESULTS AND DISCUSSION 

RESULTS 
 

In the biochemical estimations, gentamicin exposed rats 

significantly lowered the hepatic protein and creatinine levels 

after 30 and 60 days in comparison to control group. 

However when the rats were supplemented with garlic 

extract along with gentamicin showed some ameliorative role 

in the hepatic protein and creatinine levels after 30 and 60 

days in comparison to control group. While, rats 

supplemented with only garlic extract for 30 and 60 days 

showed normal levels of protein and creatinine in liver as 

shown in (Figure 1 and 2).  
 

As per the enzymological activities, the hepatic enzymes 

level were modified when rats exposed to gentamicin and 

gentamicin + garlic extract for 30 and 60 days in comparison 

to control group. Glutamate pyruvate transaminase (GPT) 

and glutamate oxaloacetate transaminase (GOT) were 

significantly increased after 30 and 60 days exposure of 

gentamicin when compared with control. While, the 

supplementation of garlic extract along with gentamicin for 

30 and 60 days showed recoveries and the rats supplemented 

with only garlic extract for 30 and 60 days showed normal 

levels of enzymes as compared to control as shown in 

(Figure 3 and 4). In continuation to this, the hepatic acid 

phosphatase (ACP) and alkaline phosphatase (ALP) levels 

were significantly increased after 30 and 60 days in 

gentamicin exposed group as compared to control group. 

While, rats supplemented with garlic extract along with 

gentamicin, ameliorative effects in the enzymatic reactions 

were noticed in comparison to control. However, rats 

supplemented with garlic extract only for 30 and 60 days 

showed normal levels enzyme activities similar to control 

group as shown in (Figure 5 and 6). 

 

According to the histological observations, liver of rats of 

control group and garlic extract supplemented group for 30 

and 60 days showed normal histoarchitecture of liver 

characterized by well defined and uniform spherical nuclei 

and large amount of cytoplasm (Figure 7 and 10). However, 

the rats exposed with the gentamicin for 30 and 60 days 

showed sever changes in hepatic cells characterized by 

degenerated nuclei, vacuolization and less amount of 

cytoplasmic materials as compared to control group (Figure 

8). But, the rats supplemented with garlic extract along with 

gentamicin for 30 and 60 days showed ameliorative effects in 

their cellular structure in comparison to gentamicin exposed 

group (Figure 9). 
 

 
Figure 1: Histogram showing hepatic protein estimation 

 

Figure 2: Histogram showing creatinine estimation 

 

Figure 3: Histogram showing hepatic GPT estimation 
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Figure 4: Histogram showing hepatic GOT estimation 

 

Figure 5: Histogram showing hepatic ACP estimation 

 

Figure 6: Histogram showing hepatic ALP estimation 

Note: (*Significant difference (p< 0.05) from the control versus treated by 
one way ANOVA, **More significant difference (p<0.01) from the control 

versus treated by one way ANOVA, ***Highly significant difference 
(p<0.001) from the control versus treated by one way ANOVA, NSNon 

significant from the control versus treated by one way ANOVA) 

 

 

 

 

 

 

 

                    

                 Figure 7: Histological section of control group 

 

 

 

 

 

 

 

 

Figure 8: Histological section of Gentamicin induced hepatotoxicity group 

 

 

 

 

 

  Figure 9: Histological section of Gentamicin+Garlic extract group 

 

 

 

 

 

             Figure 10: Histological section of Garlic extract group 
 

Discussion 
 

After 50 years of use, gentamicin continues to provide a 

mainstay in the therapy of serious Gram-negative infections 

because of a low price and high effectivity. Thus, 

gentamicin, while being ―old‖ drugs, will continue to have 

impact on modern medicine as powerful antibiotic, 

experimental therapeutics and invaluable tool compound for 

drug discovery. Gentamicin is an aminoglycoside antibiotic 

commonly used in treating life-threatening gram-negative 

bacterial infections [35]. Gentamicin was first isolated from 

Micromonospora purpurea, gram-positive bacteria widely 

present in water and soil, and was identified to have potential 

in treating various gram-negative bacterial infections [36,37]. 

Several studies have demonstrated the toxicological effect of 

gentamicin in various organs. In spite of its therapeutic 

importance, a wide range of adverse effect has been 

demonstrated in patients and experimental animals. 

Gentamicin generates free oxygen radicals and it eventually 

leads to tissue injury such as nephrotoxicity and ototoxicity 

[38]. Not only these disorders but also it causes 

hepatotoxicity [39].  
 

On the other side, it is well known fact that some traditional 
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herbs act as remedy, which can alter the toxicological effect 

of gentamicin. It is evident that medicinal use of garlic is 

widespread and growing. It has been found that organosulfur 

compounds contained in garlic has significant antioxidant 

effects [40].  
 

In this study, we have studied about the ameliorative role of 

garlic extract against the gentamicin induced hepatotoxicity 

in rats. Gentamicin administration produced a decrease in 

liver protein and creatinine while supplementation with only 

garlic extract showed normal level of protein and creatinine 

as compared to the control group. However, the co-

administration of gentamicin and garlic extract showed 

recoveries in the level of liver protein and creatinine. 

Creatinine concentration is interrupted by various 

circumstances including aging, ethnicity, gender, protein 

consumption and most importantly acute and chronic liver 

disease. Creatinine is formed as a by-product in the process 

of creatine metabolism and creatine is secreted in the liver by 

three amino acids, glycine, arginineand methionine. In 

chronic liver failure, the serum creatinine concentration 

reduces because of 50% decrease in hepatic production of 

creatine [41]. Measurement of protein levels is used for the 

diagnosis of hepatic dysfunction [42]. Hepatocytes are 

responsible for synthesis of most of the serum proteins [43]. 

Protein loss in gentamicin toxicity might decrease the level 

of specific proteins and thereby disturb the rate of metabolic 

activities. General mechanism of action of gentamicin 

involves misreading in protein synthesis [44]. Gentamicin 

inhibits the action of protein synthetic machinery by binding 

to ribosomal proteins in microorganisms as well as in 

mammalian organelles and cell extracts [45]. In a study, the 

total protein levels of rats fed with gentamicin were 

significantly reduced which is a reflection of the 

hepatotoxicity and supplement of cinnamon extract is given 

as an antioxidant [46]. Decrease in protein level affects 

overall physiological function of animals. However, 

administration of garlic extract along with gentamicin caused 

significant amelioration of enzymatic levels, biochemical 

markers and histological observations. This suggested the 

protective effects of garlic extract. This is in accordance with 

the result of [47]. The non-significant decrease in the total 

protein levels in the lead treated group indicates the 

hepatoprotective effects of the garlic extract.  
 

Gentamicin treatment causes significant increase in the 

activity of liver function markers as compared to control 

group indicating hepatic dysfunctions. A recent report 

suggested gentamicin generates reactive oxygen species, 

which could induce apoptosis in rat liver cells and finally 

leads to liver failure [17]. The side effect of gentamicin is 

creating hepatotoxicity [48,49]. 
 

Hepatocytes contain large amounts of enzymes in liver and 

these enzymes are useful for the diagnosis of liver damage. 

The commonest enzymes employed as useful indicators of 

hepatocellular damage are the glutamate pyruvate 

transaminase (GPT), glutamate oxaloacetate transaminase 

(GOT), acid phosphatase (ACP) and alkaline phosphatase 

(ALP). 
 

Liver enzyme activities such as GPT, GOT, ACP and ALP 

were increased after gentamicin administration. While these 

enzymes were lowered after supplement of garlic extract. 

However, further reductions were observed followed by co-

administration of gentamicin and garlic extract. Increase in 

liver enzyme activities is roughly proportional to the extent 

of tissue damage [50].  
 

The results from this study confirmed that gentamicin at a 

dose of 37 mg/kg body weight daily for 30 and 60 days 

produces significant hepatotoxicity as evidenced by increase 

in the level of GPT, GOT, ACP, ALP and decrease in the 

values of protein and creatinine. The observed higher 

increase in the level of GOT over GPT may be due to a 

leakage of cytoplasmic enzymes into circulation as a result of 

inflammation of the liver cells. Elevations of these enzymes 

in experimental animals exposed to gentamicin were also 

reported by [51]. The cumulative oxidative damage is likely 

one of the mechanisms producing the hepatotoxic effects of 

gentamicin administration in this study. Liver histopathology 

served as the most important tool for identifying and 

characterizing liver injury. 

IV. CONCLUSION AND FUTURE SCOPE  

This investigation clearly indicates the importance garlic 

extract in the control of hepatic dysfunctions. Garlic extract 

was effective in recovering the level of hepatic enzymes, 

biochemical markers and histological alterations; hence it 

decreases hepatotoxicity in rats. According to the final 

outcome, it is suggested that intake of garlic with gentamicin 

might be healthy in males who prescribe gentamicin to cure 

infections. 
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