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______________________________________________________________________________________ 

Abstract 
The effect of garlic supplementation on zootechnical performance and hepato-renal functions of 

rabbits exposed to experimental nitrate poisoning was evaluated. Adult male 6-8 week-old albino rabbits (n= 
24) were randomly divided into four groups (A - D) and subjected to nitrate intoxication through the oral 
administration of sodium nitrate solution at 2 ml/kg bodyweight per day for 40 days. Group A was a control 
that received no treatment except sodium nitrate. Rabbits in groups B and C were treated with 1% methylene 
blue solution (2 mg/kg bodyweight per day) and aqueous garlic extract (500 mg/kg bodyweight per day) 
through intraperitoneal and oral routes, respectively. Rabbits in group D were treated with both 1% 
methylene blue solution (2 mg/kg bodyweight per day, intraperitoneally) and aqueous garlic extract (500 
mg/kg bodyweight per day, orally). On completion of the treatment period, the groups were compared in 
growth performance, biochemical profile and histopathological changes of hepato-renal tissues. Although the 
total feed consumption of the groups remained comparable, Group C showed relatively better weight gain 
and feed conversion ratio (FCR). Likewise, garlic extract significantly increased the serum bilirubin 
concentration and reduced the level of other biochemical attributes in comparison with control animals. The 
hepatic and renal tissues of Groups C and D remained normal, whereas those of the control group exhibited 
distinct histopathological alterations. It was concluded that garlic supplementation ameliorated the 
deleterious effects of nitrate intoxication on production performance and hepato-renal functions of rabbits.  
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Introduction 

Nitrate is a known contaminant of drinking water, aquatic ecosystems, and animal fodder. Sewage 
water, industrial processes and indiscriminate application of fertilizers form the major sources of nitrate. The 
gradually increasing nitrate level of ground water has been implicated in triggering detrimental effects in 
humans and animals (Ward et al., 2010; Band et al., 2020). The consumption of water or feed contaminated 
with nitrate by farm animals frequently leads to outbreaks of nitrate poisoning throughout the world (Ozmen 
et al., 2003). The utilization of nitrate follows the synthesis of nitric oxide and its conversion into the reactive 
molecule peroxynitrite, which plays a critical role in the pathogenesis of many disease conditions (Luiking et 
al., 2010). Following the reduction of nitrate, nitrite binds readily with haemoglobin and forms 
methemoglobin, which is characterized by deficiency in oxygen-carrying capacity. Fatal methemoglobinemia 
and hepato-renal toxicity have been attributed to high intakes of nitrate (Baek et al., 2015). Although several 
animal species suffer from nitrate poisoning, cattle exhibit relatively high susceptibility owing to the presence 
of ruminal micro-organisms, which rapidly catalyse the conversion of nitrate into highly toxic nitrite. In 
addition, the oxidative stress mediated by reactive metabolites such as peroxynitrite and peroxides has been 
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postulated as the basis of nitrate-induced toxicity (Saracila et al., 2020). Methylene blue has been long 
regarded as a front-line antidote to nitrate poisoning (Van Dijk et al., 1983). However, its clinical application is 
confounded by the lack of veterinary-specific formulations and potential carcinogenicity (Haskell et al., 2005). 
The therapeutic potential of garlic (Allium sativum) has been demonstrated in the context of several 
pathological conditions (El-Saber Batiha et al., 2020; Nakamoto et al., 2020). Garlic has been reported to 
mitigate the neurotoxicity (Hassan et al., 2009), uropathogen invasion (Lionel et al., 2020), nephrotoxicity 
(Pedraza-Chaverri et al., 2008), and cardiac damage (Islam et al., 2020) associated with oxidative stress in 
animal models. The present study was designed to investigate the protective effect of garlic supplementation 
in rabbits that had been subject to nitrate poisoning. 
 

Materials and methods 
Male albino rabbits (n = 24), of equivalent age (6 - 8 weeks) and bodyweight (1200 - 1400 grams) 

were randomly divided into four groups (A to D), after an acclimatization period of two weeks. The rabbits 
were kept at a temperature of 25 °C, and 12-hour daylight was provided. The basal diet was prepared for 
rabbits according to Singh (2005) with minor modifications for the current local environment (Table 1). Each 
rabbit received 90 g/kg/day of feed. Leftover feed was collected frequently, weighed and discarded. Fresh 
and clean drinking water was offered ad libitum. All protocols of animal handling were approved by the 
institutional ethics committee (DR/97, 07/03/2016).  
 
 
Table 1 Dietary ingredients and calculated nutrient composition of basal diet for rabbits (%, as-fed basis) 
 

Ingredients % Calculated nutrient content 

   

Wheat bran 53  Crude protein, % 16.4  

Maize 30  Crude fibre, % 8.0  

Cottonseed meal 10  Ether extract, % 5.0  

Fish meal 5  Crude ash, % 5.50  

Mineral mixture 1.5  Lysine, % 0.72  

Salt 0.5  Methionine, % 0.30  

   Calcium, % 0.5  

   Phosphorus, % 0.91  

   Digestible energy, kcal/ kg 2830  

      

Vitamin B2 and vitamin D3 were added at 10 mg/100 kg of feed 
 
 

The sodium nitrate test solution (0.2 g/mL) was freshly prepared by dissolving 20 grams of sodium 
nitrate in 100 ml clean drinking water. The potentially toxic dose of sodium nitrate (400 mg/kg bodyweight) 
was administered to rabbits by giving the prepared sodium nitrate solution at 2 ml/kg bodyweight per day via 
gavage needle (Sharma et al., 2013). Aqueous garlic extract (500 mg/mL) was prepared by homogenizing 30 
grams of peeled and chopped garlic with 60 ml of distilled water (Rashid et al., 2019).  

Treatments were administered for 40 days. All groups received sodium nitrate solution at 2 ml/kg 
bodyweight per day via gavage needle. Additionally, 1% methylene blue solution (2 mg/kg bodyweight) and 
aqueous garlic extract (500 mg/kg bodyweight) were administered intraperitoneally and orally to rabbits of 
Groups B and C, respectively. The rabbits of Group D were co-treated with 1% methylene blue solution (2 
mg/kg bodyweight) and aqueous garlic extract (500 mg/kg bodyweight) via intraperitoneal and oral routes, 
respectively. 

The total feed consumption (FC) and bodyweight gain (BWG) were recorded for all rabbits at the end 
of the trial (day 40). Feed conversion was calculated for each rabbit as the ratio of total WG to total FC. 

Blood samples were collected from all rabbits on day 40 and sera were extracted by centrifugation at 
5000 rpm for 5 minutes. The serum samples were stored at 4 

o
C and analysed (Lulekal et al., 2019). 

Biochemical parameters such as alanine amino transferase (ALT), aspartate transaminase (AST), alkaline 
phosphatase (ALP), bilirubin, urea, uric acid and creatinine were measured according to company 
instructions using commercial kits (Human Gesellschaft fur Biochemical und Diagnostica GmbH, Wiesbaden, 
Germany). 

At the end of trial, three rabbits were randomly selected from each group, euthanized by cervical 
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dislocation, and subjected to post-mortem examination. The representative samples of hepatic and renal 
tissues were processed for histopathological examination (Sikandar et al., 2012) using haematoxylin and 
eosin (H&E) staining. The stained slides were examined microscopically at 10x magnification for 
histopathological changes.  

Data were analysed by one-way analysis of variance (ANOVA) using the Statistical Package for Social 
Sciences (SPSS Inc., Chicago, IL, USA), version 21.0. The means values of parameters were compared 
among groups by the least significant difference test at a probability P ≤ 0.05.  
 

Results and Discussion 
Although the total FC and FCR of various groups were not different, significant differences were 

evident in net WG (Table 2). The highest WG was observed for rabbits in group D. Rabbits in the group A 
exhibited the lowest values of total FC, net WG and FCR. The rabbits in groups B and C were intermediate 
between groups A and D with the rabbits treated with the 1% methylene blue solution growing faster than 
those treated with the garlic extract. 

 
  

Table 2 Treatment effects on weight gain and feed consumption of rabbits subjected to nitrate 
poisoning for 40 days, six rabbits per group 
 

Treatments
1
 Group Feed consumed, g Weight gain, g FCR 

     

Control A 3313 ±   80.170
a
 137.17 ± 0.17

a
 0.041 ± 0.009

a
 

1% methylene blue solution B 3465 ±   97.851
a
 166.50 ± 1.18

b
 0.047 ± 0.001

a
 

Aqueous garlic extract  C 3442 ± 106.038
a
 154.17 ± 0.48

c
 0.044 ± 0.002

a
 

1% methylene blue solution and aqueous 
garlic extract  

D 3485 ± 144.058
a
 187.33 ± 3.50

d
 0.053 ± 0.002

a
 

     
1
Methylene blue solution provided intra-peritoneally at 2 mg/kg bodyweight, aqueous garlic extract provided orally at 500 

mg/kg bodyweight; FCR: weight gain divided by feed consumed 
a,b,c.d

 Means in the same column bearing a common superscript were not different at P <0.05 

 
 

The biomarkers of hepatic function were substantially different among the control and treatment 
groups (Table 3). The control group displayed significantly higher values of ALT, AST, and ALP, but a lower 
level of bilirubin in comparison with the treated groups. On the other hand, group D had significantly higher 
values of bilirubin than the other groups, with the groups B and C also having higher levels of bilirubin than 
the control.  

 
 

Table 3 Treatment effects on hepatic biomarkers of rabbits subjected to nitrate poisoning for 40 days, six 
rabbits per group 
 

Treatments
1
 Group ALT, U/L AST, U/L ALP, U/L Bilirubin, mg/dl 

      

Control A 81.54 ± 3.64
a
 95.72 ± 3.91

a
 25.62 ± 4.31

a
 0.18 ± 0.02

a
 

1% methylene blue solution B 50.63 ± 2.60
b 

51.54 ± 3.67
b
 16.57 ± 2.22

b 
0.42 ± 0.04

b
 

Aqueous garlic extract C 49.75 ± 2.46
b
 52.75 ± 3.46

b
 15.62 ± 2.45

b
 0.51 ± 0.05

b
 

1% methylene blue solution 
and aqueous garlic extract 

D 45.37 ± 1.68
b
 46.63 ± 2.68

b
 11.83 ± 1.52

b
 0.69 ± 0.06

c
 

      
1
 Methylene blue solution provided intraperitoneally at 2 mg/kg bodyweight, aqueous garlic extract provided orally at 500 

mg/kg bodyweight;  
ALT: alanine amino transferase, AST: aspartate transaminase, ALP: alkaline phosphatase  
a,b,c

 means in the same column bearing a common superscript were not different at P <0.05 
 
 

The levels of uric acid, urea and creatinine of the rabbits in the groups are shown in Table 4. Overall, 
the comparison of hepato-renal biomarkers revealed significant differences between the control and the 
treated groups. The highest and lowest values of serum uric acid, urea and creatinine were documented for 
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groups A and D, respectively. 
 
 

Table 4 Treatment effects on renal biomarkers of rabbits subjected to nitrate poisoning for 40 days, six 
rabbits per group 
 

Treatments
1
 Group Uric acid, mg/dl Urea, mg/dl Creatinine, mg/dl 

     

Control A 4.04 ± 0.27
a
 40.02 ± 3.60

a
 2.68 ± 0.25

a
 

1% methylene blue solution B 2.54 ± 0.24
b
 31.24 ± 3.75

ab
 1.45 ± 0.19

b
 

Aqueous garlic extract C 2.73 ± 0.26
b
 32.03 ± 2.48

ab
 1.38 ± 0.24

b
 

1% methylene blue solution and 
aqueous garlic extract 

D 1.98 ± 0.35
b
 27.45 ± 2.88

b
 0.98 ± 0.14

b
 

     
1
 Methylene blue solution provided intraperitoneally at 2 mg/kg bodyweight, aqueous garlic extract provided orally at 500 

mg/kg bodyweight 
a,b,c

 Means in the same column with a common superscript were not different at P <0.05 

 
 

The hepatic sections of the control animals indicated severe vacuolar degeneration, coagulative 
necrosis, swollen hepatocytes and narrowing of the sinusoidal spaces (Figure 1a). The liver tissues of the 
rabbits in group B had hepatocytes in cords with frequent nucleolar degeneration (Figure 1b). Cytomegalic 
hepatocytes with pyknotic nuclei, massive karyorrhexis and karyolysis were found in the hepatic sections 
(Figure 1c) of the rabbits in group C The hepatocytes of rabbits in group D were characterized by healthy 
parenchyma and nuclear architecture (Figure 1d).  
 

 
 
 

  

Figure 1a  Figure 1b 

 

 

 

Figure 1c  Figure 1d 

 
Figure 1 Microscopic images (100x) of liver sections stained with haematoxylin and eosin from control 
rabbits (Figure 1a), rabbits treated with methylene blue (Group B) (Figure 1b), rabbits that received aqueous 
garlic extract (Group C) (Figure 1c), and rabbits that were co-treated with methylene blue and aqueous garlic 
extract (Group D) (Figure 1d). 
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Marked infiltration of inflammatory cells was observed in the renal parenchyma of the control rabbits 

along with resultant multifocal necrosis. Moreover, pressure atrophy of renal tubules and congestion of renal 
tubular capillaries were discernible (Figure 2a). The renal parenchyma of group B indicated sporadic 
haemorrhages, coagulative necrosis and fragmented nuclei. In addition, swollen epithelial cells with typical 
moth-eaten appearance lined the renal tubules (Figure 2b). Degenerated renal tubules with desquamated 
epithelial lining, congested renal corpuscles and presence of fibrinous mass (protein casts) in the tubular 
lumen (Figure 2c) were observed in the kidney tissues of rabbits in group C. On the other hand, the renal 
tubules of rabbits in group D were lined with healthy epithelial cells and were devoid of major 
histopathological lesions (Figure 2d).  

 
 

 
 

  

Figure 2a  Figure 2b 

 

 

 

Figure 2c  Figure 2d 

 
Figure 2 Microscopic images (100x) of kidney sections stained with haematoxylin and eosin from control 
rabbits (Group A) (Figure 2a), rabbits treated with methylene blue (Group B) (Figure 2b), rabbits that 
received aqueous garlic extract (Group C) (Figure 2c), and rabbits that were co-treated with methylene blue 
and aqueous garlic extract (Group D) (Figure 2d) 
 
 

Nitrate poisoning in animals is manifested by varied symptoms, depending upon the level of exposure 
involving multiple body systems and is a serious challenge. The current study revealed no difference 
between the control and treated groups in terms of total FC. But although nitrate did not affect the FC, it 
decreased the FCR of exposed rabbits significantly. Hence, the current investigation showed that nitrate 
exerted an inherent untoward effect on rabbit performance by significantly restricting WG and thereby 
reducing the FCR. Similar reduction in the growth performance and FCR of rabbits was reported from the 
consumption of drinking water containing nitrate (Shehata, 2010). This diminished feed digestibility could be 
ascribed to nitrate-mediated impairment of the absorptive and secretory functions of intestinal mucosa (Qin 
et al., 2020).  

The elevated serum levels of AST, ALT, and ALP in nitrate-affected rabbits strengthened the findings 
of earlier studies (Ogur et al., 2005; Salama et al., 2013; Bouaziz-Ketata et al., 2014; Maklad et al., 2020). 
The toxic effects of nitrates have been known to induce oxidative stress, leading to liver insult and a rise in 
the levels of liver enzymes. Likewise, the synthesis of nitroso-compounds in the acidic environment of 
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stomach and consequent hepatotoxic effect were hypothesized to increase the serum concentrations of liver 
enzymes (Hassan et al., 2009; Enovwo, 2010). Besides, the outflow of hepatic enzymes results from hypoxic 
injury to centrilobular hepatocytes, which is triggered by anaemia and methemoglobinemia (Ibrahim et al., 
2009). The leakage of enzymes from hepatic cytosol into systemic blood, and inadequate enzyme synthesis, 
together with increased permeability of hepatic membrane, have also been postulated (Aboulgasem et al., 
2015). The observed decline in serum bilirubin concentration of nitrate-treated rabbits could be attributed to 
increased production of free amino acids and reduced protein turnover owing to stimulation of adrenal and 
thyroid glands (Hassan et al. 2009; Enovwo, 2010; Aboulgasem et al., 2015; Alagawany et al., 2016). The 
negative effect of nitrate supplementation on total protein concentration has also been reported owing to the 
toxic effects of nitrates in animals and human (Alrawi, 2016). Nitrate-induced oxidative injury to hepatic cell 
membranes leads to diminished serum levels of bilirubin (Salama et al., 2013). Significantly elevated serum 
levels of urea, uric acid and creatinine depicted the renal malfunction in rabbits following the oral intake of 
sodium nitrate at 400 mg/kg BW for 40 days. The increase in urea level recorded among rabbits of the 
experimental groups in the current study is in line with the reported rise in its level during a study on adult 
female New Zealand rabbits in Iraq (Alrawi, 2016). This may be linked to the deteriorating effect of nitrate on 
liver metabolism and kidney function (Sharma et al., 2014). Similarly, the observed increase in the level of 
creatinine, in line with the findings of Attia et al. (2018), might indicate the untoward effects of nitrate on renal 
function. These findings conform with those of former studies (Hassan et al., 2009; Aboulgasem et al., 
2015). Altered renal blood flow, tubular re-absorption and glomerular absorption were proposed to increase 
the serum concentrations of renal function bio-indicators (Enovwo, 2010).  

In addition, marked histopathological lesions reflected the hepatotoxic and nephrotoxic effects 
associated with nitrate consumption in rabbits. Similar histopathological changes were documented in 
rabbits affected by nitrate (Sharma et al., 2013) and rats (Bouaziz et al., 2015; Ansari et al., 2017). 
Histological alterations in the normal parenchyma and epithelial lining are known to weaken the gastro-
intestinal physiology (Sikandar et al., 2020). Chronic utilization of sodium nitrite led to renal carcinogenicity 
and nephrotoxicity in rats (Al-Gayyar et al., 2016). The number of white blood cells was severely reduced in 
rabbits fed nitrate owing to its potential oxidative effect (Ansari et al., 2017) and T cells have an important 
immune response role as anti-cancerous defence (Waldman et al., 2020). The hepato-nephrotoxic effects of 
sodium nitrate in rabbits were normalized by garlic extract administered alone (group C) or combined with 
methylene blue (group D). These results validated the potential use of garlic extract to mitigate nitrate-
induced toxicity.  

Garlic contains antioxidant compounds, including allicin, alliin, allyl disulfide and allyl cysteine 
(Elkelawy et al., 2017). The chemical reaction between nitrate and food amines that occurs in the stomach 
yields free radicals and nitrosamines, which induce the lipid peroxidation of multiple organs, particularly the 
liver and kidneys (Choi et al., 2002). In addition to the blockage of xanthine oxidase enzyme, garlic 
scavenges hydroxyl radicals, singlet oxygen, peroxy radicals and peroxynitrite responsible for oxidative cell 
injury (Saravanan & Prakash, 2004). Hepatic anti-oxidant enzymes have been increased considerably by 
feeding garlic and turmeric to growing rabbits in Egypt and thus protecting liver functioning by preventing 
oxidative injury (Alagawany et al., 2016). In contrast with other species of Allium, garlic contains several 
sulfur-containing compounds in much higher concentrations (El-Saber Batiha et al., 2020). Dried garlic powder 
contains about 1% alliin (S-Allyl-L-cysteine sulfoxide) and injury to garlic bulb results in the production of its 
active ingredient allicin (Diallyl thiosulfinate). Accordingly the protective effect of garlic against nitrate-
induced toxicity could be attributed to the antioxidant effect of sulfur-containing compounds (Aslani et al., 
2006).  

 
Conclusion 

Garlic extract counteracted the deleterious effects of sodium nitrate on zootechnical performance and 
hepato-renal functions of rabbits with similar efficacy to methylene blue. Therefore, garlic extract could be 
used effectively alone or in combination with methylene blue to combat nitrate intoxication. Further research 
is recommended on the antioxidant profile of exposed animals and dose-response relationship of garlic 
extract and nitrate poisoning.  
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