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ABSTRACT 
Liver and kidney are vital organs for body homeostasis and are exposed to damage or injury of various origins. 
Many medicinal plants have proved to be effective for hepatic and renal diseases. This study aimed to test the effect 
of Prosopis ruscifolia Griseb. leaves extract on acetaminophen-induced hepatotoxicity and gentamicin-induced 
nephrotoxicity. The experiment was carried out in mice, 300 mg/kg of acetaminophen, i.p., and 135 mg/kg of 
gentamicin were used to induce liver and kidney damage, respectively. Silymarin was used as protective control 
drug. For estimating the liver function, alkaline phosphatase (ALP), aspartate aminotransferase (AST or GOT), and 
alanine aminotransferase (ALT or GPT) were measured; and creatinine, urea, and uric acid were determined in order 
to verify kidney functionality. The results showed that the extract has both hepatoprotective and nephroprotective 
effect. This is evidenced by reduced values of the level of GOT, GPT, and ALP, in mice co-administered, p.o., with 
P. ruscifolia; and by the reduction of serum creatinine in mice with gentamicin induced kidney damage. These values 
showed statistically significant difference when compared with those of pathological group. The alcoholic extract of 
P. ruscifolia denoted hepatoprotective and nephroprotective effects. 

INTRODUCTION
Many drugs, chemical, or other agent can cause damage 

or injury to the liver, and hepatotoxicity is the most frequent 
cause for acute liver failure (Andrade et al., 2007). Liver is the 
key homeostasis regulating organ, and it is involved with several 
biochemical pathways that regulate many physiological activities 
such as growth, reproduction, defense, nutrient supply, and energy 
production. As much as 10% of hepatitis cases in adults overall is 
due to drug-induced liver injury (Reddy et al., 2013). The excretion 
of xenobiotic is mainly through the kidneys, they are exposed to free 
radicals which contribute to high oxidative stress that contributes to 
the kidney damage (Carpenter and Mudge, 1981).

Medicinal plants have been proved to be an effective 
treatment for several diseases, but until today, accurate safety and 
efficacy information is lacking. One classical medicine for liver disease is 

silymarin, which is claimed to be safety and effective (Bean, 2002; White 
et al., 2007). Glycyrrhizin, from licorice root, is able to reduce serum 
transaminases, due to inhibitory effects on cytokines in the liver (Coon 
and Ernst, 2004; Li et al., 2014); and ginger rhizome has been used to 
treat lamotrigine-induced hepatotoxicity in rats (Poorrostami et al., 2014).

The plant Prosopis ruscifolia belongs to the family 
Fabaceae, and it is used in folk medicine mainly for diabetes and 
hyperlipidemia (Polini and Romero, 2013). We have previously 
demonstrated that this plant possess antihyperglycemic (Campuzano-
Bublitz et al., 2016) and cardioprotective (Campuzano-Bublitz et al., 
2019) effect. Considering that P. ruscifolia is used for a long-term 
treatment in case of diabetes, we proposed to investigate the effect 
of the alcoholic extract of the leaves on the liver and kidney after 
acute treatment, against acetaminophen-induced hepatotoxicity 
and gentamicin-induced nephrotoxicity in mice, in such a way to 
provide data on the long-term safety of the plant.

MATERIALS AND METHODS

Plant material and extraction
Prosopis ruscifolia Griseb. (Fabaceae) leaves were 

collected in Teniente Irala Fernández, Paraguay. A voucher specimen 
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was filed with the herbarium of Facultad de CienciasQuímicas, 
Universidad Nacional de Asunción (Degen 4581). Dried and 
powdered samples were extracted with ethanol and concentrated to 
dryness under reduced pressure in a vacuum rotatory evaporator. The 
suspension of extract in distilled water was used in the experiment.

Drugs
Acetaminophen or Paracetamol (Sigma Chemical 

Company Mo.), Gentamicin (LASCA Pharmaceutical), silymarin 
(Sigma Chemical Company Mo.), and sodium pentobarbital 
(Nembutal) from Abbott (Japan) were used; ethanol was purchased 
locally and distilled before use. Kits for the estimation of alkaline 
phosphatase (ALP), aspartate aminotransferase (AST or GOT), 
alanine aminotransferase (ALT or GPT), creatinine, urea and 
uric acid were purchased from Human Diagnostics Worldwide 
reagent, the measurements were done in a Biosystem BTS 350 
semi-automatic analyzer. 

Experimental animals
Swiss albino male and female mice, weighing 25–35 g 

were used. The animals were housed in plastic cage at a constant 
room temperature (23°C–25°C), with 12:12 hours light–dark 
cycle, in humidity controlled environment (50%–60%).They were 
fed daily with standard animal pellets and water ad libitum. All 
assays were conducted in accordance with international standards 
of animal welfare and the research protocol was approved by 
the Bioethical Committee of the Facultad de Ciencias Químicas 
(CEI 387/18). The minimum number of animals and duration of 
observation required to obtain consistent data were used, each 
animal was used once (Guide for the Care and Use of Laboratory 
Animals, 2011).

Acetaminophen induced hepatotoxicity and treatments 
Swiss albino male mice were randomly divided 

into six groups (n = 8), and orally treated for 4 days: Vehicle 
group (V; 2.5% ethanol: 40% propylene glycol: 57.5% water); 
Acetaminophengroup (APAP; water); Silymarin group (SM; 150 
mg/kg of silymarin, p.o.); Groups Pr50, Pr100, Pr200 (treated 
with 50, 100, and 200 mg/kg of Pruscifolia extract, respectively, 
p.o.). On the 4th day, acute hepatotoxicity was induced with 
acetaminophen (APAP), 2 hours after the oral treatment, all 
animals, except the ones in the vehicle group, received 300 mg/kg, 
i.p., of APAP (Mossanen and Tacke, 2015). Three hours after APAP 
administration, blood sample was collected by cardiac puncture 
after anesthesia with sodium pentobarbital (50 mg/kg, i.p.). Serum 
GOT, GPT, and ALP were determined.

Gentamicin-induced nephrotoxicity and treatments 
Swiss albino female mice were randomly divided into 

seven groups (n = 8) and received orally for 9 days the treatment. 
Saline group (saline solution; 0.1 ml/10 g body weight); Vehicle 
group (Veh; 2.5% ethanol: 40% propylene glycol: 57.5% water); 
Gentamicin group (G; water 0.1 ml/10 g body weight and 
gentamicin); Silymarin group (SM; 150 mg/kg body weight, 
silymarin,  p.o., and gentamicin); groups Pr50, Pr100, and Pr200 
(treated with 50, 100, and 200 mg/kg of P. ruscifolia extract, 
respectively, and gentamicin). Every day, all animals, except 
saline and vehicle groups, received gentamicin (135 mg/kg body 

weight, i.p.) 1 hour after the oral administration of the different 
treatments. On day 10th, 24 hours after the last dose of gentamicin, 
animals were anesthetized with sodium pentobarbital (50 mg/kg, 
i.p.) and blood extraction by cardiac puncture was performed. 
Serum creatinine, urea, and uric acid were measured.

Determination of biochemical parameters 
The biochemical parameters of GPT, GOT, ALP, 

creatinine, urea, and uric acid were determined from the serum. 
In order to obtain the blood serum, the fresh blood samples were 
incubated in a water bath for 20 minutes and then subjected to 
centrifugation for 15 minutes at 3,000 rpm. The samples were 
processed immediately after they were obtained. Control serum 
(normal and pathological Humatrol) was processed before each 
determination, as an internal quality control, and the values 
obtained for the different biochemical parameters were always 
within the expected ranges.

Statistical analysis
The data were processed using the GraphPad Prism 

7.0. (GraphPad Software, Inc., CA). The analysis of variance 
(ANOVA) of one factor followed by Tukey test was used for the 
statistical analysis. The results were expressed as mean ± standard 
deviation (SD) and a value of p <0.05 was considered statistically 
significant.

RESULTS AND DISCUSSION
The extract of P. ruscifolia (Pr) has previously 

showed activity in hyperglycemic rats and mice, reducing blood 
glucose level and showing cardioprotective effect (Campuzano-
Bublitz et al., 2016; 2019). As part of our project concerning 
the investigation on medicinal properties of this plant, we have 
studied the activity of Pr leaves extract on acetaminophen-induced 
hepatotoxicity and gentamicin-induced nephrotoxicity. This paper 
reports on the protective effect on both liver and kidney of mice. 

Effect of P. ruscifolia leaves extract on liver profile parameters
The oral administration of P. ruscifolia showed 

significant effect reducing serum GOT, GPT, and ALP levels 
elevated by acetaminophen. All animals treated with the extract, 
that is, 50, 100, and 200 mg/kg, exhibited significantly reduced 
levels of enzymes GOT (p < 0.0001), GPT (p < 0.0001), and ALP 
(p < 0.001 in Pr50; p < 0.0001 in Pr100 and Pr200) when compared 
to the APAP group (pathological control). Even though all the Pr-
treated groups had no significant difference between them in any 
of the measured parameters, according to the Figure 1, it could be 
possible to distinguish a slightly dose dependent effect (Fig. 1). 
Moreover, it should be noted that the SM group exhibited no 
difference from vehicle-treated mice (Veh) in any of the measured 
biochemical parameters. Taking into account that silymarin was 
dissolved in a mixture of ethanol:propyleneglycol:water, the 
vehicle group received this mixture to verify that it had no effect 
on the measured enzymes and that the observed reduction in 
enzymes activities was really due to the drug silymarin. With these 
results, it is possible to affirm that the model of acute liver injury 
caused by acetaminophen was validated.

The activities of serum enzymes GPT and GOT are 
sensitive indicators of liver cell injury and along with ALP enzyme 
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are helpful in recognizing hepatic diseases. In this work, the results 
indicated (Fig. 1) that administration of acetaminophen to the group 
that had received only distillated water significantly increased 
serum levels of biochemical parameters including GPT, GOT, and 
ALP activities (group APAP) in comparison with the group that 
received the vehicle (p < 0.0001). This confirms the hepatotoxic 
effect of 300 mg/kg of APAP in the mice model used. In silymarin-
treated mice (group SM), all these parameters, unlike ALP, were 
significantly attenuated (p < 0.0001) when compared to the 
pathological group (APAP). This fact is consistent with literature 
data which affirm that the protective effect of silymarin is found 
in the eradication of pathological events such as inflammation, 
necrosis, and elevated transaminase levels (Papackova et al., 
2018). This corresponds mainly to hepatocellular involvement of 
the liver. 

Effect of p. ruscifolia extract on the parameters of the renal 
profile

Results presented in this study confirmed that gentamicin 
administration caused marked changes in kidney tubules due to 
gentamicin reabsorption in proximal convoluted tubules, causing 
degeneration and necrosis of the epithelial cells of the tubules. 
These changes are manifested by dilated tubules, loss of brush 
border, severe leucocyte infiltrations, tubular degeneration, and 
presence of tubular casts (Randjelović et al., 2017). These findings 
are in agreement with previous studies. The intraperitoneal 
administration of 135 mg/kg of gentamicin for 9 consecutive days 
to healthy mice caused serum creatinine levels significantly higher 
(p < 0.0001) than those of group Sal and Veh (Fig 2A). Creatinine 
level is a serum marker frequently used in the diagnosis and 
prognosis of nephropathies, is a waste product excreted mainly by 
filtration, the increase in serum indicates decreased excretion due 
to failing in renal function (Ishihara and Hirano, 2002). Together 
with urea levels, they allow to evaluate the renal functionality. 
These parameters and also uric acid tend to be altered in the case 
of kidney damage (Manikanadan et al., 2011). In silymarin-treated 
mice, this parameter was significantly attenuated (p < 0.01) when 
compared to the pathological group (group Gent). In addition, 
the statistical analysis revealed that there were no significant 
differences in the level of serum creatinine between the group 
treated with silymarin and the Sal and Veh groups. The level 
of serum specific renal function parameter creatinine was 
significantly increased in gentamicin administered mice, and 
oral co-administration of P. ruscifolia leaves extract (50, 100, 
and 200 mg) was able to significantly decrease serum creatinine 
levels, compared to the pathological group (p < 0.001 for groups 
Pr50 and Pr100; p < 0.05 for group Pr200). Related to the level of 
urea and uric acid, the same tendency as creatinine was observed 
with the different groups of animals, as depicted in the Figure 2 
(Fig. 2b and c). However, despite the visual trends, the statistical 
analysis did not reveal significant differences between the groups. 

Unlike that the information reported in other similar 
studies with the same model of acute renal injury in mice 
(Aldahmash et al., 2016), in this work, a higher gentamicin 
dose was used. However, not all parameters of the renal profile 
evaluated from the pathological group showed a significant 

Figure 1. Serum levels (U/l) of GOT (A), GPT (B), and Alkaline phosphatase 
(C) of mice (n = 8) treated with Prosopis ruscifolia leaves extract. The data 
are plotted as average ± SD. ANOVA of one factor, followed by the Tukey test 
was used, p < 0.05 was considered statistically significant  (*** p < 0.001, 
**** p < 0.0001; significantly different from APAP).
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elevation with respect to the groups Sal and Veh as expected. The 
dose and duration of the treatment with gentamicin determine the 
renal damage, reported doses used in literature to produce renal 
damage range between 8 and 80 mg/kg/day (Lee and Michael, 
1985). Toxic effects appear if five to ten times of normal doses are 
administered (Tulkens, 1989). In this study, a daily dose of 135 
mg/kg of gentamicin for 9 days was used; some authors reported 
rise in serum creatinine (Tulkens, 1989) with 30–60 mg/kg/day 
of gentamicin for 5 to 10 days, in agreement with our findings for 
gentamicin treated animals. Aminoglycosides have nephrotoxic 
effect due to induction of Reactive oxygen species (ROS) and 
depletion of antioxidant enzyme activities in the kidney (Tavafi 
and Ahmadvand, 2011). 

The protective effect of P. ruscifolia may be due to phenolic 
compounds present in this extract, as previously demonstrated 
with the presence of quercetin, that could mediate the protective 
effect through their ability of scavenging free radicals and active 
oxygen species such as single oxygen, free radicals, and hydroxyl 
radicals (Campuzano-Bublitz et al., 2019). Additionally, it has been 
suggested that polyphenolic and flavonoids in the diet are associated 
with longer life expectancy. Moreover, nephron protective effect of 
vitamin E mediated by its antioxidant effect has been proved (Salih, 
2015). This plant contains quercetin. Flavonoids are considered one 
of the major groups of antioxidants acting efficiently as scavengers 
of free radicals (Da Silva et al., 2011). It was clear that this extract 
alleviated the toxic potentials of acetaminophen and gentamicin, on 
the liver and kidney, respectively. Finally, liver protection capability 
of Prosopis farcta was demonstrated, and attributed to its high 
contents of various flavonoids that act as powerful antioxidants and 
free radical scavengers (Alharbi et al., 2017; Asadollahi et al., 2014) 
and the stem bark of P. cineraria also proved hepatoprotective 
activity, against CCl4 induced hepatotoxicity due to the content 
of flavonoids an tannins (Velmurugan and Ganesan, 2014). To 
establish the exact mechanism of protection of the liver and kidney 
will require further research.

CONCLUSION
It can be concluded from the results obtained that the 

ethanolic extract of the leaves of P. ruscifolia has hepatoprotective 
and nephroprotective effect. All doses tested were able to 
decrease the level of hepatic GOT, GPT, and ALP induced by 
acetaminophen, andrenal creatinine induced by gentamicin.
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